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Figure 3.1. Facet joint osteoarthritis as seen in CT imaging. (a) sagittal view, hypertrophy of the 

articular facet (black arrow). (b) axial view, joint space narrowing (thin white arrow). (c) axial 

view, joint capsule calcification (arrowhead) and vacuum phenomenon (white arrow) (Perolat 

et al. 2018). 55 

Figure 3.2. Mid-sagittal section of two lumbar intervertebral discs. A from a young individual, the 

nucleus pulposus (as indicated by the arrow) is large and fluid-like. B a severely degenerated 

disc that is fibrous and narrow (Adams 2009). 63 

Figure 3.3. Diagram to the left shows “claw” osteophytes growing over the intervertebral disc space. 

Diagram to the right shows “traction” osteophytes growing away from the intervertebral disc 

space (Kasai et al. 2009). 64 

Figure 3.4. Sagittal T2-weighted MR images of the lumbar spine. The left image shows normally 

hydrated healthy discs of high signal intensity in an asymptomatic patient. The right image is 

that of an individual with low back pain and clearly shows decreased disc height, loss of signal 

intensity, disc displacement, end plate abnormalities and a loss of lumbar lordosis (Samartzis 

et al. 2015). 69 

Figure 3.5. Images of degeneration of the vertebral body relating to degeneration of the 

intervertebral disc. Row one shows progressive stages of osteophytic growth. Row two shows 

progressive alteration of the joint contour. Row three shows progressive worsening of pitting 

on the vertebral endplate (Rojas-Sepulveda et al. 2008). 70 

Figure 3.6. Images showing different stages of disc degeneration according the Pfirrmann method. A. 

Grade I, homogenous disc structure with hyperintense white signal and normal disc height. B. 

Grade II, inhomogeneous disc with hyperintense white signal. Clear distinction between the 

nucleus pulposus and annulus fibrosus, normal disc height. This disc shows a horizontal grey 

band. C. Grade III, inhomogeneous disc structure, intermediate grey intensity. The distinction 

of the layers of the disc are unclear. At this grade disc height may be normal or slightly 

decreased. D. Grade IV, inhomogeneous disc structure, hypointense dark grey signal intensity. 

All distinction between annulus fibrosus and nucleus pulposus is lost. The disc height may 

range from normal to moderately decreased. E. Grade V, inhomogeneous disc structure, black 

hypointense signal, no distinction in disc anatomy and collapsed disc space (Pfirrmann et al. 

2001). 73 

Figure 3.7. Radiographs showing the anterior (e1, e2), posterior (e3, e4), right lateral (e5, e6) and left 

lateral (e7, e8) points for scoring osteophytes on adjacent vertebral bodies according to the 

method by Wilke et al (2006). Osteophytes are counted and measured from the margin of the 

vertebral body to the tip of the osteophyte (white lines on e1, e2, e5, e6, e7 and e8) (Wilke et 

al. 2006). 76 

Figure 3.8. Radiograph showing the areas in which diffuse sclerosis is graded according to the 

method by Wilke et al (2006). The lower part of the upper vertebrae and the upper part of the 

lower vertebrae are divided into 4 regions and scored. These scores are added to then give a 

total sclerosis score and sclerosis severity grade for the joint. In this image 3 of the 4 regions in 

both vertebrae show signs of sclerosis (Wilke et al. 2006). 77 

Figure 3.9. Severe osteophytic growth in the lumbar vertebrae (L1-L5). Osteophytes are seen 

projecting from the anterior margins of the vertebral bodies (Littleton 1999) 79 

Figure 3.10. A 38-year-old female patient with bilateral radiculopathy, more pronounced on the right 

side. Images A and B are radiographic myelographs, while images C and D are post 

myelograph CT scans. At the level of C5-6 there is severe narrowing of the spinal canal with 
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bilateral nerve root sheath deformity and slight compression of the spinal cord. This 

narrowing is caused the presence of osteophytes. At the level of C6-7 there is moderate 

narrowing with right sided nerve root sheath deformity. This narrowing is attributed to disc 

herniation due to the absence of osteophytes (Larson et al. 1989) 81 

Figure 3.11. A centrally located Schmorl’s node on a third lumbar vertebrae (Plomp 2017). 83 

Figure 3.12. Multiple Schmorl’s , indicated by black arrows, as seen in a sagittal T2-weighted MRI 

(Lee 2010). 83 

Figure 3.13. Criteria for grading endplate defects (Brayda-Bruno et al. 2018). 86 

Figure 3.14. Images of Schmorl's nodes graded by the criteria from Knüsel et al (1997). Left: stage 1 

node on T12. Right: Stage 2 Schmorl's node on T12 (Plomp et al. 2012). 86 

Figure 3.15. Posterosuperior view of a bony specimen showing bilateral defects of the pars 

interarticularis, indicated by arrows (Foreman et al. 2013). 87 

Figure 3.16. A) Lateral oblique radiograph showing the early stage of a pars fracture, B) lateral 

oblique radiograph showing a progressive pars fracture, C) lateral oblique radiograph showing 

a terminal stage pars fracture, D) a line drawing of image A showing the “Scotty Dog” with 

disruption to the neck. Adapted from Standaert and Herring (2000), red lines have been added 

to indicate the edges of the separated bone fragments in images A-C. 89 

Figure 3.17. The different grades of spondylolisthesis slippage according to the Meyerding system 

(Kushchayev et al. 2018). 92 

Figure 3.18. A section of thoracolumbar spine showing the dripping candlewax and fusion typical of 

DISH (Rogers, Watt, and Dieppe 1985). 93 

Figure 3.19. 3D reconstructed CT of the spine of an 80 year old female (Van der Merwe et al. 2012)

 96 

Figure 3.20. Representative sagittal CT images for DISH grades 1, 3 and 5. There were no grade 6 

individuals in the study. (Nishimura et al. 2018). 100 

Figure 3.21. Heat map of the prevalence of DISH in each region by grade. This shows DISH primarily 

occurs in the mid thoracic region in early DISH before progressing superiorly and inferiorly 

along the spine. There were no grade 6 patients (Nishimura et al. 2018). 100 

Figure 3.22. The Assessment of Spondyloarthritis International Society classification criteria for axial 

spondyloarthritis (SpA). Left; radiographic axial diagnosis. Right: non-radiographic diagnosis. 

Adapted from Rudwaleit, Van der Heijde et al. (2009). 106 

Figure 3.23. Radiographic images of the sacroiliac joints. A) An example of erosive sacroiliitis in a 

patient diagnosed with AS. B) An example of non-radiographic spondyloarthritis, the patient 

does not show any changes to the sacroiliac joint and cannot be diagnosed with AS, but may 

have other significant criteria such as high scores on the BASDAI (Sieper et al. 2007). 108 

Figure 3.24. The mSASSS scale, shown left, as compared to a radiograph of a patient with AS, shown 

right. The vertebrae on the radiograph are graded according to the scale (Braun and 

Baraliakos 2011). 109 

Figure 3.25. Radiograph of an 18-year-old patient showing "bamboo" spine. A) indicates a typical 

marginal syndesmophyte. B) indicates a thickened marginal syndesmophyte. There is also 

marked narrowing and ossification within the sacroiliac joints (McEwen 1982). 110 
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Figure 3.26. Radiograph of a spine with AS. The image clearly shows vertically oriented lateral 

syndesmophytes giving the classic “bamboo” spine appearance (Rogers et al. 1987). 112 

Figure 3.27. Diagnostic criteria for peripheral spondyloarthritis. This is for patients who present with 

peripheral arthritic manifestations only. Adapted from Rudwaleit et al. (2011). 113 

Figure 3.28. Lumbar spine radiograph of a patient with PA showing lateral syndesmophytes as well 

as bilateral sacroiliitis. Patient also has osteoporosis (Sudoł-Szopińska et al. 2016). 116 

Figure 3.29. Left-handed radiograph from a PA patient. Image shows severe erosion and sublaxation 

of the first interphalangeal joint, with bony proliferation on the first phalanx. The second distal 

interphalangeal joint is ankylosed (Mc Ardle et al. 2015). 117 

Figure 3.30. ESSG criteria for classification of spondyloarthropathy, adapted from Dougados et al. 

(1991). 120 

Figure 3.31. Image of a skeleton showing signs possibly related to rheumatoid arthritis. A and B show 

a lack of involvement within the spine with no ligamentous ossifications or degenerative 

osteophytosis. F shows the 2nd, 3rd, 4th, and 5th metacarpal bones are fused to the carpals (Kim 

et al. 2011). 124 

Figure 3.32. Lateral radiograph of cervical rheumatoid arthritis taken during flexion. There is an 

abnormal distance between the posterior arc of the atlas (C1) and and the anterior aspect of 

the dens, indicated by the black line. The spino-laminar line, indicated by the arrow, does not 

align with the other vertebrae showing there has been anterior slippage. (Jurik 2011). 127 

Figure 4.1 Superior images show the scale used by Rojas-Sepúlveda et al. (2008). Inferior images 

show the scale used by Merwe et al. (2006). 144 

Figure 4.2. Images used to guide grading of vertebral osteoarthritis (Steckel et al. 2005). 159 

Figure 4.3. Search process for literature on Web of Science and Google Scholar 166 

Figure 4.4. Search process for reports on the ADS website 167 

Figure 4.5. The methods that were most referenced in the 50 unpublished archaeology reports, 

some studies referenced multiple standards. * English Heritage guidelines 2002/04, † Roberts 

and Manchester (2003) “Archaeology of Disease”, ‡ Ortner “Identification of Pathological 

Conditions”, § Sager (1969) thesis as referenced in Brothwell (1981) “Digging up Bones”, ¶ No 

overarching recording standard provided, # BABAO Standards (2004), ** Buikstra and 

Ubelaker (1994) “Standards for Data Collection”, †† Rogers and Waldron (1995) “Field Guide 

to Joint Disease in Archaeology” 168 

Figure 4.6. The methods that were referenced in published palaeopathology, archaeology and 

anthropology literature. * Own methods † Rogers and Waldron (1995) “A Field Guide to Joint 

Disease in Archaeology” ‡ Buikstra and Ubelaker (1994) “Standards for Data Collection” § 

Sager (1969) thesis as referenced in Brothwell (1981) “Digging up Bones” ¶ Rogers et al (1987) 

“Arthropathies in Palaeopathology” # Ortner (2003) “Identification of pathological conditions”  

** Knüsel (1997) “Comparative degenerative joint disease” †† Resnick “Diagnosis of Bone and 

Joint Disorders” ‡‡ Üstündağ (2009) “Schmorl’s Nodes”  §§ Lovell (1994) “Spinal Arthritis and 

Physical Stress”  ¶¶ Lutter (1984) MD Dissertation  ## Global History of Health Project (2002) 

Standards   *** Rogers and Waldron (2001) “DISH at Merton Priory”  ††† Stewart (1958) “The 

Rate of Development of Vertebral Osteoarthritis” 168 

Figure 4.7. Breakdown of studies using their own method. * Did not reference any other sources † 

Rogers and Waldron (1995) “Field Guide” ‡ Rogers et al (1987) “Arthropathies in 
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Abstract 

Degenerative diseases of the spine are amongst the most common lesions seen in human skeletal 

remains and comprise a large area of research within bioarchaeology. Data from such studies can 

provide an insight into the lifestyle of past populations. To date there have been few attempts to 

standardise the recording of these lesions, with even less work into establishing inter observer 

reliability of methods. This study reviews clinical and archaeological literature to establish the scope 

of diagnostic criteria for different degenerative spinal diseases, before exploring working practices to 

identify and record these diseases within bioarchaeology. Three approaches were undertaken:  

1. A Questionnaire: This asked academics and practitioners within bioarchaeology to describe

the methods they used to identify and record pathological vertebral lesions, before describing

changes they would look for in osteoarthritis, degenerative disc disease, ankylosing

spondylitis, and diffuse idiopathic skeletal hyperostosis. Qualitative questions were

complemented by sections asking respondents to rank individual disease characteristics.

Rankings were analysed with Friedman testing in SPSS, followed by post hoc analysis with

Wilcoxon signed-rank tests and Bonferroni correction.

2. An online interobserver study: This included student and non-student practitioners and tested

the reliability of commonly cited methods posed by Buikstra and Ubelaker (1994), Rogers and

Waldron (1995), and Sager (1969) for identifying and recording vertebral osteoarthritis and

degenerative disc disease. It was undertaken using photographs of skeletonised human

vertebrae. Results were analysed using Krippendorff’s Alpha in RStudio.

3. An analysis of bioarchaeological literature: This was carried out using unpublished

archaeological reports, doctoral theses, and published literature. This study was undertaken

in NVivo and combined qualitative analysis of the themes and contents of the literature, as

well as qualitatively analysing trends in terminology and disease reporting temporally and

geographically.

Results of the questionnaire showed there were disparities between the methods and terminology 

used to identify and describe spinal joint diseases. Some significant differences were seen in the ranks 

applied to disease characteristics, with osteophytes and porosity consistently ranked as the most 

important lesions in degenerative disc disease. When analysing characteristics of ankylosing 

spondylitis and diffuse idiopathic skeletal hyperostosis differences were less significant and there was 

a lack of agreement as to which characteristics were most diagnostic of the disease. The interobserver 

study showed all three methods commonly cited within the literature had low interobserver reliability. 
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The highest reliability seen was A=0.640 for the Sager (1969) method. Differences in methods and 

terminology used were also seen within the literature study. However, the temporal analysis of the 

literature did show trends in terminology and diagnosis were becoming more standardised. This 

research has highlighted that there is need for more interobserver testing of currently used methods, 

and that this must be undertaken before further standardisation of identification and recording 

methods takes place. Such work will ensure methods are being implemented in the same manner and 

will in turn facilitate collaboration between commercial and academic spheres, leading to greater 

understanding of the timeline and progression of spinal joint diseases worldwide. 
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1. Introduction

Alongside determining sex, age, and ancestry, the analysis of pathological conditions is one of the 

most crucial aspects of skeletal analysis in multiple contexts, including forensic anthropology, 

palaeopathology, and archaeology. This includes recording the pattern and severity of joint 

degeneration throughout the skeleton. The inferences that can be made from such pathological 

lesions have long been of interest to archaeologists and anthropologists. Research suggests that 

changes in the vertebrae are an indication of living conditions, including activity levels, economic 

status, dietary habits, diseases, and trauma faced by a population (Moodie 1923, Straus and Cave 

1957, Roney 1959, Sofaer Derevenski 2000, Mays 2006, Lieverse et al. 2007, Hussien et al. 2009, Klaus 

et al. 2009, Larsen et al. 2009, Novak and Šlaus 2011, Shimoda et al. 2012, Peck 2013, Cuthbert 2018, 

Grauer 2018, Khudaverdyan and Babayan 2018, Toyne et al. 2020, Alves-Cardoso and Assis 2021, De 

Cataldo et al. 2021). 

The joints of the spine are of particular interest, as the vertebral column is an important supportive 

structure that absorbs and transfers many of the forces applied to the body during daily life (Steckel 

and Rose 2002, Oxland 2016, Steckel et al. 2018). An individual’s lifestyle, which can be defined as the 

amount of physical activity an individual undertakes, may cause a variety of degenerative lesions on 

the spine (Larsen 2002, 2010). It has been suggested that individuals whose lifestyles involve repetitive 

movements and heavy physical work will have characteristic patterns of joint degeneration (Jurmain 

1977, Lovell 1994). By researching the frequency and severity of joint degeneration in multiple 

communities, the range of activity levels within and between them can be explored. However, 

palaeopathological work does not always include up to date clinical criteria when considering the 

extent of lesions observed, which may have implications for the understanding of pathology within 

past populations. 

Joints can be affected by several pathological conditions and the nomenclature for such disorders has 

a long and complex history. Historically all manifestations of arthritis and joint disorders were 

regarded as characteristics of gout, this changed due to a publication in 1782 by William Heberden 

regarding nodules of bone growth on the joint (Dequeker and Luyten 2008). Following  this, there was 

a separation of osteoarthrosis and non-inflammatory erosions of the joint surfaces from those relating 

to gout and inflammatory conditions (Dequeker and Luyten 2008). This separation was fully realised 

after the introduction of X-rays in 1895, which allowed for a distinction between cases of chronic 

arthritis as either “atrophic” or “hypertrophic” by Goldthwait (1897) as cited in Dequeker and Luyten 

(2008). These terms were later updated to “rheumatoid disease” for atrophic arthritis and 

“osteoarthritis” for hypertrophic arthritis (Dequeker and Luyten 2008). Work by Kellgren and Moore 
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(1952) was the to first create further subtypes, primary and secondary osteoarthritis, describing 

differences between generalised primary osteoarthritis and changes secondary to joint trauma. Their 

work was also of great importance in producing the first radiographic scoring system, which allowed 

further work to be carried out on the epidemiology of joint degeneration (Saase et al. 1989).   

This continual evolution in the terminology used within a clinical context and the understanding of 

diseases processes is not necessarily reflected within biological anthropology. There have been calls 

for more clinical literature to be used within palaeopathology (Domett et al. 2017, Zhang et al. 2017, 

Becket and Conlogue 2019), as well as better standardisation of methods (Roberts and Cox 2003, 

Manchester et al. 2016, Buikstra et al. 2017, Grauer et al. 2018). Standardised methods for recording 

of pathological lesions in the spine will make comparisons within the literature far easier and more 

understandable. There has been ongoing work to try and develop a standard which could be utilised 

globally (Buikstra and Ubelaker 1994, Steckel and Rose 2002, Steckel et al 2005). However, current 

methods which are used in palaeopathological research are dependent on the research question being 

asked. For example, if a study is seeking to investigate the pattern of pathological lesions across the 

whole body, they may record lesions within the spine according to presence or absence (Arriaza 1993, 

1997, Lieverse et al. 2007, Klaus et al. 2009, Shapland et al. 2015). Research exploring the spine in 

more detail may be better suited to record the severity of bone changes seen (Bridges 1989, 

Derevenski 2000, Hukuda et al. 2000, Rojas-Sepúlveda et al. 2008, Hussien et al. 2009). Further to this, 

in commercial work recording may be affected by the time available to practitioners to undertake 

observation of remains. Such disparities in the way lesions are recorded in different studies limits the 

possibilities for inter population comparisons to be made.  

In addition to the development of standards, there is the need for better testing of intra and inter 

observer error of methods being utilised. It has been said that there is “clearly much value in scoring 

precisely” changes within joint surfaces due to pathology and that only by doing such “careful work” 

will researchers be able to show changes within and between populations (Brothwell 1981). However, 

observer agreement is not often explored within bioarchaeology, and it is unclear how reliable the 

most used methods are. Reliability testing must be undertaken as a first step to validating recording 

methods and confirm methods are utilised in the same manner by practitioners, ensuring 

comparability of data (Jacobi and Danforth 2002). The popular standard by Buikstra and Ubelaker 

(1994) has not undergone inter observer testing since its creation. Whilst other methods used in 

published literature are often those developed by the authors based on other publications which have 

not undergone any inter observer testing. It is clear this is a gap within the literature and testing needs 

to be undertaken particularly in how practitioners identify changes in the spine. Rogers and Waldron 
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(1991) found the lowest agreement amongst observers when analysing joint degeneration in the 

vertebrae.  

It is also unclear how the variation in methods utilised by individuals to record degeneration in the 

vertebral joints affects the terminology and diagnostic criteria used when making observation on 

skeletal material. For example, the operational definition of osteoarthritis by Waldron (2009) states 

the disease can be diagnosed if eburnation is present or if two other characteristics such as osteophyte 

growth or porosity. The method by Buikstra and Ubelaker (1994) lists the same disease characteristics 

as Waldron (2009) but does not provide explicit guidelines on how and when osteoarthritis can be 

diagnosed. Therefore, it is possible what may be considered osteoarthritis according to one method 

may not meet diagnostic criteria posed by another. Similar problems exist diagnosing other spinal joint 

diseases, such as diffuse idiopathic skeletal hyperostosis, where the terminology and diagnostic 

criteria vary between publications. To understand the variety of methods being employed by 

practitioners it would be of use to conduct a global review of the literature to see if terminology and 

diagnostic characteristics vary between countries, and how these have changed over time. Such 

research, alongside establishing the reliability of methods, is an important first step in creating more 

standardised methods (Curate et al. 2016).  

1.1 Aims and objectives 

This project explores the scope and applications of methods to identify and record pathological spinal 

lesions within bioarchaeology. The aims of this research project were: 

• To investigate the current range of palaeopathological work researching degenerative spinal

joint diseases, including the research questions explored and methods being applied

• To collate the current diagnostic criteria for degenerative spinal diseases within

palaeopathological and clinical literature and compare the disease characteristics these

methods rely upon

• To investigate the methods that commercial and academic practitioners are using to identify

and record degenerative spinal diseases and test their reliability to see if there is variation

between fields and by experience levels

• To gather the standards and terminology used to identify and record degenerative spine

diseases within published literature, theses, and archaeology reports and investigate

whether these have changed over time or varies globally
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To fulfil these aims, a series of research objectives were established. These were 

• To undertake an extensive review of the clinical and palaeopathological literature on 

degenerative spinal joint diseases 

• To carry out a questionnaire to gather information on the methods and diagnostic criteria 

used by academic and commercial archaeologists when examining degenerative spinal joint 

diseases 

• To test the intra and interobserver reliability of the most cited methods within the 

palaeopathological literature 

• To review relevant published and unpublished literature in a systematic manner to establish 

trends in the application of methods and diagnostic criteria over time and by global region 

within archaeology and academia 

Ultimately, the literature review of this research projects aims to synthesise clinical literature 

exploring the aetiology and diagnosis of common degenerative spinal joint diseases with published 

diagnostic criteria from the bioarchaeological literature. The aims and research questions within 

bioarchaeological literature are also explored, and potentially problematic areas within the literature 

are highlighted. This centres around issues with a lack of standardisation and inter observer testing of 

commonly cited methods for diagnosis. Following the literature review a series of studies elucidate 

the breadth of methods and terminology practitioners use within their osteological analysis, and how 

variably different methods and terminology are applied. Temporal and global discrepancies in the use 

of different terminology and methods are also investigated to provide a basis which practitioners may 

use to compare research. 

 

1.2 Structure of the thesis 
 

Chapter 2 briefly explains bone formation and remodelling, and how this relates to the disease 

process. Chapter 3 then discusses the clinical literature and provides background on diseases 

researched in palaeopathology. Chapter 4 then builds on this by describing the palaeopathological 

literature and the methods and research aims of studies on degenerative spinal joint diseases. The 

materials and methods for the research undertaken are detailed in Chapter 5. This includes ethics, 

development of the research studies and their hypotheses. Chapter 6 presents the results of the three 

studies undertaken. A full discussion of the results is presented in Chapter 7, with conclusions in 

Chapter 8. 
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2. Bone biology and anatomy of the spine 
 

2.1 Chapter aims 
• To summarise the anatomy of the spine and its associated structures 

• To introduce basic concepts of bone biology, such as function and structure, as they apply to 

the spine 

• To briefly summarise the biomechanics of spinal loading and how this pertains to 

degeneration of the joints 

 

2.2 Introduction 
 

To fully understand the aetiology of degenerative joint disorders it is necessary to know how bone is 

formed and how it reacts in response to different stresses. Bone is a living tissue comprised of both 

organic and inorganic materials and forms the scaffold for the human body (Kalichman and Hunter 

2007). In addition to being a load bearing structure, the skeleton has evolved for protection, 

movement and within the bone marrow, the production of blood cells (haematopoiesis) (Taichman 

2005, Rieger and Schroeder 2012, Jagannathan-Bogdan and Zon 2013). The spine also protects various 

neural elements such as the spinal cord and spinal nerves (Cunningham et al. 2016).  

This chapter is not an extensive review of bone biology and spine anatomy. Instead, the information 

presented here will serve as a knowledge base for other chapters regarding research on degenerative 

spine diseases in a palaeopathological and clinical context. This chapter will also introduce the 

anatomical terminology used throughout the thesis.  

 

2.3 Anatomy of the spine 
 

The spine is composed of five different regions, usually with a total of 26 vertebrae. Initially during 

formation the vertebral column consists of approximately 33 vertebrae; 7 cervical, 12 thoracic, 5 

lumbar, 5 sacral, and 4 coccygeal (Moore et al. 2010). However, the sacral and coccygeal vertebrae 

both fuse into single bones, the sacrum and coccyx. The column includes corresponding intervertebral 

discs, ligaments, and musculature. One spinal unit comprises two adjacent vertebrae, an 

intervertebral disc, the joints through which they articulate and the ligaments of the joint capsules 

(Oxland 2016).  
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Within the cervical, thoracic, and lumbar regions of the spine many vertebrae share the same 

anatomical features (Figure 2.1). Vertebrae are comprised of a vertebral body anteriorly, with a neural 

arch posteriorly. The vertebral bodies increase in size from the second cervical vertebrae (Snell 2012). 

The neural arches of the vertebrae attach to the vertebral body via two pedicles. These then extend 

posteriorly as the two laminae which fuse in the midline to create the posterior spinous process. At 

the junction of the pedicles and the laminae, three pairs of processes project. These are the two 

transverse processes, and the superior and inferior articular processes. The articular processes form 

the zygapophyseal facet joints (Lawry et al. 2010). These facets are small synovial joints between 

adjacent vertebrae. The foramen between the vertebral body and neural arches is the vertebral 

foramen. When the vertebrae are articulated, these foramen align and form the spinal canal which 

encloses the spinal cord (Tandon and Saigal 2017). In addition to this basic morphology, vertebrae 

within each section of the spine have slightly different anatomy relating to their function and the 

differing forces which they encounter.  

 

 

 

 

 

 

 

 

 

2.3.1 Cervical vertebrae 
 

The seven cervical vertebrae (C1-7) are found in the neck region. C1 and C2 are atypical (Figure 2.2). 

C1, the atlas, does not have a vertebral body and is instead composed of an anterior and posterior 

arch with lateral articular facets which articulate with the occipital joints on the occipital bone of the 

cranium (Moore et al. 2010). C2, the axis, has a vertebral body, from which the dens or odontoid 

process projects superiorly to articulate with the anterior arch of C1 (Cunningham et al. 2016). The 

dens is held in place by the transverse ligament of C1. The atlantooccipital and atlantoaxial joints are 

of importance as they allow flexion, extension and rotation of the cranium, the so called “yes” and 

“no” movements associated with nodding and shaking the head (Lawry et al. 2010).  

 

Figure 2.1. Anatomy of a typical vertebra (lumbar) (Lawry et al 2010). 
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The rest of the cervical vertebrae have a more typical morphology (Figure 2.3), including transverse 

foramina within the transverse processes (for the vertebral vessels), the presence of additional joints 

on the vertebral bodies and bifid posterior spinous processes (Snell 2012).  

 

 

 

 

 

 

The vertebral bodies of the cervical vertebrae, which are small and broad, project laterally and 

posteriorly to create the uncovertebral joints (of Luschka) (Gray and Lewis 1918). These joints provide 

stability to the spine in this area and stop posterolateral herniation of the intervertebral discs (Lawry 

et al. 2010). In the cervical region, the zygapophyseal facet joints are obliquely placed; the superior 

facets are directed superoposteriorly and the inferior facets are inferoanteriorly (Snell 2012)(Figure 

2.4).  

 

 

 

 

 

 

 

 

Figure 2.2.  A) C1 B) C2 (Lawry et al 2010). 

Figure 2.3. Image of a generic cervical vertebra (Gray and Lewis 1918) 

Figure 2.4. Left lateral view of a cervical vertebra. Purple lines indicate the lateral projections of the 
body which form the uncovertebral joints. Dark blue line indicates the left superior zygapophyseal 
facet. Light blue indicates the left inferior zygapophyseal facet. (Image by author) 
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2.3.2 Thoracic vertebrae 
 

The twelve thoracic vertebrae are found in the thorax. A typical thoracic vertebra is illustrated in Figure 

2.5. The bodies of the thoracic vertebrae are larger than those in the cervical region and more heart 

shaped (Cunningham et al. 2016). T1-4 share some features of the cervical vertebrae, while T5-8 are 

typically thoracic in morphology and T9-12 share some features of the lumbar vertebrae (Moore et al. 

2010). The unique feature of the thoracic vertebrae are the costal facets for the articulation of the 

ribs. These are located on the transverse processes, where the tubercle of the ribs articulates, and on 

the vertebral bodies (Moore et al. 2010, Snell 2012). T1 has full facets on the superior margin of the 

vertebral body for the articulation of the first ribs, while the inferior margin and the margins of the 

vertebrae up to T9 have demifacets (Cunningham et al. 2016). These facets articulate with the 

remaining ribs, and each rib articulates with two vertebral bodies via one inferior and one superior 

demifacet. The tenth to twelfth thoracic vertebrae differ from this pattern. All three have full facets 

on the superior margin of the vertebral body. However, T11 and T12 have no costal articulation on 

the transverse processes, whilst T10 does (White et al. 2012). The superior zygapophyseal facet joints 

in the thoracic region face posterolaterally, while the inferior facets face anteromedially (Standring 

and Gray 2008)(Figure 2.6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5. Superior view of a typical thoracic vertebra (Cunningham et al 2016). 

Figure 2.6. Lateral view of a thoracic vertebra. Dark blue oval indicates left superior zygapophyseal fact. 
Light blue line indicates the lateral edge of the left inferior zygapophyseal facet. (Image by author) 
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2.3.3 Lumbar vertebrae 
 

The five vertebrae are found in the lumbar region of the lower back. The vertebral bodies in this region 

are the largest in the column and are more kidney shaped (Figure 2.7) (Snell 2012, Cunningham et al. 

2016). In comparison, the posterior spinous processes are short, flat, and quadrangular. The superior 

lumbar zygapophyseal facet joints face medially, while the inferior facets face laterally (White et al. 

2012). There are no articulations for the ribs in the lumbar region and no foramina in the transverse 

processes (Standring and Gray 2008).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.4 The sacrum 
 

The sacrum (Figure 2.9) and coccyx form the lowest part of the vertebral column. The sacrum 

articulates superiorly with L5, laterally with the innominate bones of the pelvis and inferiorly with the 

coccyx (Nikita 2017). Features of the sacrum include the anterior and posterior sacral foramina for the 

passage of the sacral spinal nerves (Cunningham et al. 2016). The coccyx is the smallest part of the 

spine and provides a site of attachment for the pelvic floor and gluteal region (Moore et al. 2010). 

Figure 2.7. A. Superior view of a typical lumbar vertebra. B. Posterior view of a typical 
lumbar vertebra (Cunningham et al. 2016). 

Figure 2.8. Left lateral view of a lumbar vertebra. Dark blue line indicates 
the superior edge of the left superior zygapophyseal facet. Light blue oval 
indicates the left inferior zygapophyseal facet joint. (Image by author) 
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2.3.5 Associated structures of the spine 
 

Associated structures of the spine include the intervertebral discs, spinal cord, spinal nerves, and 

muscular and ligamentous attachments. The intervertebral discs (Figure 2.10) are situated between 

the vertebral bodies and are the second type of articulation between the vertebrae, after the 

zygapophyseal facet joints. In contrast to the facet joints, the intervertebral joints are symphyses 

(secondary cartilaginous) (Lawry et al. 2010). They are composed of an outer fibrous layer (annulus 

fibrosus) and an inner gelatinous layer (nucleus pulposus) (Snell 2012). The intervertebral disc acts as 

a shock absorber, but also allows the spine a greater range of motion than would be possible in a solid 

column (Lawry et al. 2010). 

 

 

 

 

 

 

 

 

 

 

Figure 2.9. The anterior and posterior views of the sacrum (Nikita 2017). 

Figure 2.10. The intervertebral disc (Lawry et al. 2010). 
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The spinal cord travels inferiorly from the foramen magnum at the base of the cranium through the 

spinal canal. The spinal nerves arise from the spinal cord and exit the canal through the intervertebral 

foramina (Moore et al 2010, Snell et al 2012). Nerves are numbered in the same manner as the 

vertebrae. However, cervical nerves exit superior to their respective vertebrae, while the thoracic and 

lumbar nerves exit inferior to their respective vertebra (Mansfield and Neumann 2019). The spinal 

cord and nerves can become compressed during spinal degeneration, either due to the herniation of 

the intervertebral discs or through the growth of osteophytes (bone spurs) on the vertebral body 

(Tandon and Saigal 2017).  

There are many ligaments and muscles which are important for stabilisation within the spine. These 

include the anterior and posterior longitudinal ligaments and the ligamentum flavum (Figure 2.8). The 

anterior and posterior ligaments run the full length of the spine on the anterior and posterior surfaces 

of the vertebral bodies. The anterior longitudinal ligament is strong and broad, while the posterior 

longitudinal ligament is weaker and narrower (Moore et al. 2010, Snell 2012). The ligamentum flavum 

connects the laminae of the vertebrae. There are also ligaments between the processes of the spine. 

The interspinous and supraspinous ligaments attach to the posterior spinous processes, while the 

intertransverse ligament attach to the transverse processes (Standring and Gray 2008).  

 

 

 

 

 

 

 

 

Key muscles within the back for movement of the spinal column and the maintenance of posture are 

the deep paraspinal back muscles (Moore et al. 2010). These are comprised of three layers. 

Superficially there are the splenius muscles in the cervical region. Intermediately there are the erector 

spinae muscles, comprised of iliocostalis (cervicis, thoracis and lumborum), longissimus (capitis, 

cervicis, and thoracis) and spinalis (thoracis, cervicis, and capitis). The deepest layer comprises 

multiple small muscles (semispinalis, multifidus, and rotatores) which are associated with the 

transverse and spinous processes of the vertebral column. The superficial and intermediate layers of 

Figure 2.11.  The ligaments of the spine (Lawry et al. 2010). 
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muscle mainly act to produce movements of the spine, while the smaller deeper muscles act to 

stabilise local movements between the vertebrae (Moore et al. 2010). 

 

2.3.6 Spine biomechanics 
 

The vertebral column is a curved structure, featuring four sinusoidal curves. The cervical and lumbar 

regions curve anteriorly (lordosis), while the thoracic and sacral/coccygeal regions curve posteriorly 

(kyphosis) (Lawry et al. 2010). These curves allow a normal resting, erect posture to be maintained 

with minimal muscular effort (Lawry et al. 2010). Movements can occur in the form of flexion and 

extension, right and left lateral flexion, and axial rotation (Gillen 2016), and are limited by the 

orientation of intervertebral joints, as well as musculature and ligaments (Mansfield and Neumann 

2019). This means that while the overall range of motion possible across the whole spine is relatively 

large, movement between individual vertebrae is quite small. Of all the spinal regions, the cervical 

region has the most mobility to allow movements of the head (Mansfield and Neumann 2019).  

Spinal stability has been defined as the “ability to maintain normal intervertebral alignment and 

prevent excessive movement between vertebrae during normal physiological loading, so that spinal 

cord or nerve roots are not damaged or irritated, and deformity or pain does not occur” (Tandon and 

Saigal 2017). This is ensured by a mix of intrinsic and extrinsic stabilisers. Intrinsic (static) stabilisers 

are the capsules of the zygapophyseal facet joints, intervertebral discs, and spinal ligaments (Lawry et 

al. 2010). Extrinsic (dynamic) stabilisers are the deep paraspinal muscles (Lawry et al. 2010). Forces on 

the vertebrae generally increase progressively through the spine and are transferred inferiorly 

through three columns (Izzo et al. 2013, Oxland 2016). After forces are transferred from the 

atlantooccipital joints, from C2-L5, forces pass through an anterior column between the vertebral 

bodies and intervertebral discs, and two posterior columns composed of the zygapophyseal facet 

joints (Izzo et al. 2013). Within the vertebral bodies, forces are first transferred to the vertical 

trabecular struts before being transferred to the horizontal struts, which disperse forces radially (Izzo 

et al. 2013). The primary absorbers of force within the spine are the intervertebral discs, which evolved 

in a way that allows them to distribute pressure equally across the vertebral bodies (Figure 2.12). 

When vertebrae are compressed, the nucleus pulposus is forced outwards, which produces tension in 

the annulus fibrosus. The tension stabilises the disc and allows it to bear weight (Mansfield and 

Neumann 2019).  
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The amount of force transferred through each vertebral level changes with an individual’s posture and 

weight bearing during different activities and relates to the line of gravity through the spine 

(Dreischarf et al. 2016). As the line of gravity through the spine changes with movement, there is 

asymmetrical distribution of forces which can lead to degenerative changes (Le Huec et al. 2011, 

Mansfield and Neumann 2019). Any form of degeneration or traumatic lesion to the vertebrae can 

increase the range of motion and puts greater demand on structures to preserve stability or restrict 

the segmental instability. This initially results in contraction of the back muscles and retroversion 

(tilting backwards) of the pelvis and a decreased pelvic incidence (the angle between a line 

perpendicular to the midpoint of the sacral endplate and an adjoining line to the centre of the femoral 

head) (Been et al. 2019). As degeneration continues, the alignment of the lower limbs must be altered, 

through flexion of the knees, to compensate and maintain balance during standing (Le Huec et al. 

2011)(Figure 2.13). Decreased pelvic incidence has been linked in the clinical literature to increased 

development of facet joint osteoarthritis and disc degeneration, although facet joint degeneration has 

also been linked to increased pelvic incidence and lumbar lordosis (Been et al. 2019). Been et al. (2019) 

found that those with average pelvic incidence and spinal curvature have the lowest prevalence of 

degeneration in the facet joints and intervertebral discs. 

 

 

 

 

 

Figure 2.12. Force distribution through the intervertebral disc (Mansfield and Neuman 2019). 
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2.4 Bone biology 
 

On a macroscopic level, lamellar bone can be divided into two types, cortical (compact) bone or 

cancellous (trabecular) bone (Buckwalter et al. 1995). Cortical bone is a compact solid structure that 

comprises the outer layer of all bones (Cowin 1990). Cancellous bone is “spongy” and is made of many 

struts of lamellar bone with small gaps between them (Cowin 1990). Both classes can be seen in a 

single bone, for example, within the vertebral body the centre comprises cancellous bone while the 

endplates and outer layer consists of cortical bone (Buckwalter et al. 1995, Shapiro 2008). The 

orientation of the struts within cancellous bone supports the outer cortical structure and act to 

disperse stresses on the bone to the outer cortical layer. The difference between a normal healthy 

bone and one with osteoporotic trabecular thinning can be seen in Figure 2.14. 

 

 

 

 

 

 

At the microscopic level bones are made up of crystals of hydroxyapatite embedded with collagen 

fibres (Harkess et al. 1984). These inorganic crystals provide bones with stiffness, rigidity, and 

mechanical strength and account for 50-70% of overall bone composition (Clarke 2008). After this the 

most prevalent component within bone is its organic matrix (20-40% and made primarily of collagen 

type I), followed by water (5-10%) and lipids (<3%) (Burr 2002, Clarke 2008). These constituents 

provide a bone with its flexibility and elasticity (Burr 2002, Clarke 2008). During skeletal development, 

both in utero and throughout life, the components of bone are laid down by osteoblasts (Su et al. 

2003). These cells lay down a matrix of collagen, glycosaminoglycans, proteoglycans, and other organic 

compounds, known as osteoid (Buckwalter et al. 1995, Bonewald and Johnson 2008). They also lay 

down matrix vesicles, which act as a microenvironment for the formation and precipitation of 

Figure 2.14. Back scattered electron (BSEM) images of trabecular bone in macerated, carbon coated 3mm thick section of 
human lumbar vertebral bodies. a. shows a healthy bone, while b. shows signs of trabecular thinning. Arrows indicate 
horizontal struts; stars indicate vertical struts. Images by Professor Alan Boyde, Queen Mary University of London (Gasser 
and Kniessel 2017)  

Figure 2.13. The effect of aging or degeneration on the spine and balance. a. a well-balanced spine with an 
economical line of gravity. b. loss of disc height changes balance, leads to contracting back muscles (paired 
arrows) and retroversion of the pelvis (curved arrow). c. pelvic retroversion is limited; the individual must flex 
their knees to keep balance (Le Huec et al. 2011). 
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hydroxyapatite crystals (Buckwalter et al. 1995, Su et al. 2003, Bonewald and Johnson 2008, Clarke 

2008). This is carried out using calcium present in the bone matrix and, because of the high levels of 

hydroxyapatite within the skeletal system, bone also functions as a calcium store, holding more than 

99% of the body’s total calcium (Buckwalter et al. 1995, Su et al. 2003).  

There are two main processes through which bone is formed (Shapiro 2008). The first is 

intramembranous ossification, which includes dermal and peri-chondral ossification, and the second 

is endochondral ossification. The names of the processes relate to the tissues which the new bone 

replaces, as opposed to the bone itself (Shapiro 2008). The neural arches of the vertebral column are 

initially formed embryologically through peri-chondral ossification, which then extends into the 

cartilage model, and are created though mesenchymal cell condensations dorsal to the neural tube 

(which becomes the spinal cord) (Scheuer and Black 2004). The bodies of the vertebrae are formed 

through endochondral ossification during the sixth intrauterine week, and arise as a result of the 

recombination of the sclerotome surrounding the notochord (Ornitz and Marie 2002, Cunningham et 

al. 2016). Between the developing bone, the notochord becomes the annulus fibrosus and nucleus 

pulposus of the intervertebral disc (Kaplan et al. 2005, Cunningham et al. 2016) .  

In endochondral ossification, once a cartilage model of the bone has been created, chondrocytes 

signal for the formation of bone (Ornitz and Marie 2002). During this stage the cartilage is invaded by 

blood vessels and bone forming cells (Maes and Kronenberg 2016). The bone is then formed through 

a series of primary and secondary ossification centres which act as central areas of the production, 

ossification, and calcification of osteoid (Ornitz and Marie 2002). There are three (potentially four) 

primary ossification centres in the vertebrae. Each half of the neural arch has a single ossification 

centre, whilst the centra is formed from one central (potentially two) ossification centres 

(Cunningham et al. 2016). These centres arise between the 2nd and 3rd prenatal months, with fusion 

of the arches commencing at one year postnatally, and neurocentral fusion commencing 2 years 

postnatally (Cunningham et al. 2016).  

Intramembranous and endochondral ossification both form what is termed “woven bone” (Shapiro 

2008). This is a mechanically weak form of bone, comprised of disorganised collagen fibres (Su et al. 

2003, Shapiro 2008). Due to its innate weakness, woven bone is broken down by osteoclasts and re-

placed by lamellar bone (Shapiro 2008). In a mature skeleton, lamellar bone is the main bone type; 

however, woven bone is still present in certain areas. For example, it is still found in the ossicles of the 

ear, the suture margins of cranial bones and within parts of tendons and ligaments (Buckwalter et al. 

1995, Shapiro 2008). Woven bone is also found at sites within the bone which have been fractured 
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and undergoing healing. Due to the weak nature of woven bone part of the healing process is to re-

place this with lamellar bone (Buckwalter et al. 1995, Shapiro 2008).  

Lamellar bone contains small and highly ordered structures called osteons or Haversian systems 

(Cohen and Harris 1958, Cooper et al. 1966, Buckwalter et al. 1995). Within osteons, bone is laid down 

in a series of concentric layers called lamellae, which surround a central Haversian canal containing 

blood vessels and nerves (Cohen and Harris 1958, Cooper et al. 1966, Buckwalter et al. 1995). These 

lamellae are laid down by osteoblasts. Within a single lamella, collagen is secreted in the same direc-

tion, with the orientation of the collagen changing in each consecutive layer (Cohen and Harris 1958, 

Cooper et al. 1966, Buckwalter et al. 1995). It is this alternating nature of the collagen within osteons 

that give lamellar bone its superior strength, as it ensures the bone is anisotropic (can withstand forces 

from many opposing directions) (Buckwalter et al. 1995, Shapiro 2008). As osteoblasts secrete the 

osteoid which forms each lamella they become trapped within it, residing in small spaces called lacu-

nae in which they mature into osteocytes (Shapiro 2008). A schematic of an osteon can be seen in 

Figure 2.15.  

 

 

 

 

 

 

 

Bone is a living tissue and therefore matured osteocytes must remain in contact with vessels within 

the Haversian canal to receive nutrients (Buckwalter et al. 1995). This is achieved through dendritic 

processes which travel through small tubes within the bone called canaliculi (Buckwalter et al. 1995). 

The dendritic processes sent out by the osteocytes carry nutrients and waste to and from the blood 

vessel within the Haversian canal (Buckwalter et al. 1995, Bonewald and Johnson 2008).  

 

 

Figure 2.15. A schematic of an osteon showing concentric lamellae surrounding a central Haversian canal. Osteocytes remain 
trapped in the bone, interconnected by dendritic process with the canaliculi. The osteon is surrounded by the outer cement line. 
(Larner 2017) 
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Throughout life the skeleton is continuously undergoing different levels of physical stress and must 

continually adapt to those stresses (O’Brien et al. 2008). Bone adapts by undergoing remodelling, in 

which old bone is removed and new bone is laid down (Cowin 1990, Bielby et al. 2007, Clarke 2008). 

The canaliculi and dendritic processes are not only important for nutrient transport, but also for 

sensing bone strain. It is thought that when a bone is put under stress the fluid within the canaliculi 

that surrounds the dendritic processes and the osteocytes undergoes a pressure change (Bonewald 

and Johnson 2008, Clarke 2008, O’Brien et al. 2008). This change is then registered by the osteocytes, 

which then signal for bone remodelling in response (Bonewald and Johnson 2008, Clarke 2008, O’Brien 

et al. 2008). An alternative theory on how bones sense strain is the piezoelectric theory. Research has 

found that bone produces a negative electrical charge in areas where it undergoes compression and 

positive charge in areas of traction (Duncan and Turner 1995, Gusmão and Belangero 2009). It is then 

thought that the changes in electrical charges within the bone cause the activation of 

mechanosensitive ion channels, which in turn cause changes in cell membrane potentials (Duncan and 

Turner 1995, Gusmão and Belangero 2009). The cells can then react to this change in the appropriate 

way, with hyperpolarization leading to osteogenesis and depolarization leading to bone resorption 

(Duncan and Turner 1995, Gusmão and Belangero 2009). The structure of osteonal bone, showing the 

extent of the dendritic network can be seen in Figure 2.16. 

 

 

 

 

 

 

Regardless of the exact method of sensing bone strain, bones are continuously being remodelled 

(Cowin 1990, Bielby et al. 2007). Abnormalities within this process are the main cause of bone disease 

and the study of such conditions within families and animal models has allowed for an understanding 

of the factors which regulate remodelling (Kenkre and Bassett 2018). The process of bone remodelling 

is carefully controlled and involves communication between osteoblasts and osteoclasts. While 

remodelling can be signalled by mechanical loads and the need to repair skeletal microfractures that 

occur due to this loading, it can also be stimulated by hormones that regulate the mineral metabolism 

of the skeleton (Lowe and Anderson 2015).  

Figure 2.16. A scanning electron microscope image of the surface of human trabecular bone showing the osteocyte 
network (ON) connecting the osteocytes (Ocy, arrows). Image by Professor Alan Boyde, Queen Mary University of 
London (Gasser and Kniessel 2017). 
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The initial phase of bone remodelling is the activation of osteoclasts. These cells can be activated by 

osteocytes through their dendritic network for localised remodelling, or by hormones such as 

parathyroid hormone for non-targeted remodelling (Lowe and Anderson 2015, Kenkre and Bassett 

2018). Osteoclasts come from the same precursor cells which produce white blood cells and are 

created through the fusion of many smaller precursor cells to create one large cell with many nuclei 

(Ovalle and Nahirney 2013, Gasser and Kneissel 2017). These cells will attach themselves to bone, 

sealing off an area which is then broken down through the secretion of enzymes and hydrogen ions 

from their ruffled border which can breakdown the bone matrix (Kenkre and Bassett 2018). This 

breakdown forms what is known as the “cutting cone”, with the area of removed bone being referred 

to as the “resorption pit” or “Howship’s lacunae” (Tosounidis et al. 2009, Ovalle and Nahirney 2013, 

Lowe and Anderson 2015). Normally, bone removal is controlled by regulating osteoclast production, 

blocking osteoclast activity or by altering osteoclast life span. Excessive bone destruction by 

osteoclasts causes bone fragility, which is a major factor in diseases such as osteoporosis, 

hyperparathyroidism and Paget’s disease (Lowe and Anderson 2015, Gasser and Kneissel 2017, Kenkre 

and Bassett 2018). An active osteoclast can be seen in Figure 2.17. 

 

 

 

 

 

 

 

 

Following the resorption phase is a reversal phase. During this time the bone surface is prepared for 

the formation of new bone (Katsimbri 2017). This preparation forms the cement line which will 

surround the new osteon, a layer rich in proteins and sugars which bonds the new bone to the old 

(Kenkre and Bassett 2018, Kohli et al. 2018). This is followed by a formation phase, where osteoid is 

laid down by osteoblasts and then mineralised. The final phase of remodelling is termination, where 

osteoblasts undergo apoptosis, change into bone lining cells or become embedded within the bone, 

as described previously becoming osteocytes (Katsimbri 2017, Kohli et al. 2018). While the first phases 

(activation and resorption) of remodelling last between 2 to 3 weeks, the later phases of remodelling 

Figure 2.17. A coloured scanning electron microscope image of an osteoclast (OC) creating a resorption pit (RL) and 
the “intact” bone surface. Image by Professor Timothy Arnett, University College London (Gasser and Kniessel 2017). 
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(reversal, formation and termination) can take between 4 to 5 months (Kenkre and Bassett 2018). This 

means sites of remodelling represent an area of bone weakness for a large period due to the presence 

of bone defects which have yet to be filled.  

Bone health is determined by a complex relationship between the environment and genetics. Factors 

such as the size and shape of the skeleton are determined by genetics and errors in genetics can result 

in birth defects (Allgrove 2011). Abnormalities in genetics can produce thin and weak bones, or bones 

that are too dense. For example, osteogenesis imperfecta is caused by collagen defects and leads to a 

weak bone matrix, which in turn leads to multiple fractures (Benoist 2005). Conversely, the congenital 

disorder osteopetrosis results in dense bones through a failure in the formation or function of 

osteoclasts, with nothing to counteract the bone construction of the osteoblasts (Peters et al. 2017). 

This density means the marrow space in bones may not be large enough to form red and white blood 

cells correctly and bones cannot be remodelled properly in response to trauma (Peters et al. 2017). 

This results in a weakened bone even though the bones mass is increased (US Department of Health 

and Human Services 2004). External environmental factors such as diet and exercise are also 

important for bone health, as it is mechanical loading that helps maintain bone mass and architecture. 

Nutrition is also a factor, the skeleton require the same basic nutrition as the rest of the body, it also 

requires large amounts of calcium and phosphorus (Lowe and Anderson 2015, Kenkre and Bassett 

2018, Kohli et al. 2018).  

 

2.5 Chapter summary 
 

This chapter has provided a summary of basic bone biology and the anatomy of the spine. 

Understanding of these topics is key when considering how bone reacts to pathological conditions and 

which structures may be affected during the disease process. Both bone biology and spine anatomy 

are important in comprehending the biomechanical forces which act on the spine at both the gross 

level and at the level of the individual anatomical unit. This knowledge is also important for 

understanding how degenerative diseases of the spine progress, as well as why pathological lesions 

may cause certain symptoms. This knowledge ultimately combines to provide a basis for the 

understanding of the research undertaken in both palaeopathological and clinical settings. 
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3. Pathological conditions of the spine 
 

3.1 Chapter aims 
• To give an overview of the aetiology and pathogenesis of some of the non-inflammatory and 

inflammatory joint conditions which can affect the spine 

• To discuss how these diseases may be diagnosed or identified in a clinical and 

bioarchaeological setting 

• To discuss the commonly used clinical methods to grade the severity of different joint 

conditions of the spine 

• To highlight how clinical research and methods may be used in bioarchaeological settings to 

accurately identify joint diseases 

 

3.2 Introduction 
 

Inflammatory bone disorders include rheumatoid arthritis and spondyloarthritis. The latter is an 

umbrella term for a number of conditions such as ankylosing spondylitis, psoriatic arthritis, reactive 

arthritis and other non-differentiated spondyloarthropathies (Sheehan 2010, Taurog et al. 2016, 

Sieper and Poddubnyy 2017, Donat et al. 2019). In contrast, non-inflammatory bone disease includes 

osteoarthritis resulting from “wear and tear” (Alves-Cardoso and Assis 2021) of the joint which leads 

to cartilage damage and loss and is linked to intervertebral disc degeneration in the spine (Butler et 

al. 1990, Laplante and DePalma 2012, Appleton 2018). Further non-inflammatory conditions, such as 

diffuse idiopathic skeletal hyperostosis, are linked to genetics and the development of conditions such 

as diabetes (Sarzi-Puttini and Atzeni 2004, Mader and Lavi 2009).  

Non-inflammatory diseases such as osteoarthritis (OA) are amongst the most prevalent conditions 

reported in the archaeological literature (Roberts and Cox 2003, Waldron 2009). Closely related to OA 

is the degeneration of the intervertebral disc and the associated pathological lesions that develop on 

the vertebral bodies such as osteophytes and Schmorl’s nodes, which are also highly prevalent in 

archaeological populations (Roberts and Cox 2003, Waldron 2009). Due to the high incidence of OA 

and degenerative lesions, it is important to understand their aetiology and pathophysiology to ensure 

correct identification. Other non-inflammatory conditions, such as diffuse idiopathic skeletal 

hyperostosis (DISH), have been found to be important for elucidating differences in social status and 

lifestyle within past populations. Ankylosing spondylitis (AS) is less prevalent than OA and DISH but 

has still been identified in skeletal remains and is included in seminal textbooks on palaeopathology 

(Rogers and Waldron 1995, 2001, Aufderheide and Rodriguez-Martin 1998, Ortner 2003, Waldron 

2009). An understanding of how conditions such as DISH and AS affect modern populations has 
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implications for the study of past populations, particularly in the areas researching disability, quality 

of life, and care (Tilley 2012, Martin et al. 2017, Beckett and Conlogue 2019). The conditions 

spondylolysis and spondylolisthesis have also been included in this chapter, as they are potentially 

related to the degeneration of the spine and are discussed with the development of other non-

inflammatory conditions (Bridges 1989, Merbs 2001, Hu et al. 2008, Kalichman et al. 2010). The 

disease rheumatoid arthritis (RA), while not primarily a disease of the spine, has been included here 

to provide additional information in relation to the differential diagnosis of inflammatory 

spondyloarthritides such as AS.  

Methods for diagnosis of joint disease in clinical settings (taken here to mean hospitals, clinics, or 

medical practices) differ from how palaeopathologists identify them in skeletal remains. Clinicians can 

ask questions of their patients and can conduct analyses and testing which is not possible in an 

archaeological context, such as blood tests and having patients flex and extend their joints. One key 

difference in the diagnosis and identification of spinal joint diseases in clinical and archaeological 

settings is the way in which practitioners view the affected areas. In an archaeological context, remains 

often, but not always, present as dry bone without soft tissue. In living individuals, the spine must be 

viewed using imaging modalities such as radiography, computed tomography (CT), or magnetic 

resonance imaging (MRI). In some cases, however, imaging modalities are utilised for the purposes of 

identifying diseases in archaeological human remains. For example, the application of CT scanning to 

identify AS in mummified remains and radiography to observe bone lesions associated with DISH and 

RA (Chhem and Brothwell 2008, Saleem and Hawass 2014). Beckett et al. (2019) stated that imaging 

of skeletal remains is of great importance when attempting to identify diseases. The correct 

identification of pathological conditions can impact how researchers understand an individual’s life 

and the society in which they lived (Beckett et al. 2019). For example, when considering the 

bioarchaeology of care, carefully assessing the presentation of disease in clinical terms, including how 

it may have impaired that individual’s function, can potentially provide insight into whether they may 

have required care and if that assistance extended their survival (Beckett and Conlogue 2019).  

An understanding of the methods used by clinicians could assist in the differential diagnosis and 

understanding of disease in skeletal remains. This is especially true for methods which involve imaging 

techniques, as these methods are potentially more complex than currently utilised methods. Even 

when macroscopically analysing dry bone, it is important that methods used by palaeopathologists 

are somewhat in line with clinical standards to ensure accurate identification of lesions. This may also 

provide a basis for the comparison of data from archaeological and clinical research, allowing a more 

comprehensive view of diseases through time. This chapter will provide an overview of non-
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inflammatory and inflammatory conditions in turn, discussing the methods for their identification and 

diagnosis in clinical and archaeological settings. 

 

3.3 Non-Inflammatory conditions 
 

Degenerative joint disease (DJD) appears to be an ever-present condition, crossing barriers of species 

and time. The earliest recorded case of joint degeneration was found in the spine of a Comanchean 

dinosaur fossil approximately 100 million years old (Moodie 1923, Dequeker and Luyten 2008). Of a 

similar age, the fossil of a Mesozoic Platecarpus was also found to have joint degeneration and 

provided the oldest recorded incidence of polyarthritis (Karsh 1960). The earliest hominin fossil that 

preserves a partial vertebral column is that of a 3.58 Ma-old Australopithecus afarensis, which showed 

the growth of small to moderate osteophytes on the lower cervical vertebrae (Haile-Selassie et al. 

2010, Meyer 2016). Many more studies have investigated the presence of non-inflammatory 

conditions such as OA, degenerative disc disease (DDD) and DISH, and have found them to be present 

in multiple past populations that vary both temporally and geographically (Jurmain 1990, Knüsel et al. 

1997, Hukuda et al. 2000, Rogers and Waldron 2001, Crubézy et al. 2002, Weber et al. 2003, Lieverse 

et al. 2007, Zampetti et al. 2016). 

Non-inflammatory conditions such as osteoarthritis have been described as “dull commonplace 

disorders that are hard to study with any enthusiasm” (Kellgren 1961). However, it is evident from the 

palaeopathological literature that the recording of lesions associated with these conditions is integral, 

as they are consistently part of attempts to standardise methods in pathology recording (Buikstra and 

Ubelaker 1994, Brickley and McKinley 2004, Steckel et al. 2005). They are also highly featured in 

palaeopathological textbooks (Aufderheide and Rodriguez-Martin 1998, Ortner 2003, Waldron 2009). 

Furthermore, comparisons of conditions between different populations has provided multiple insights 

into the way past populations lived and how disease prevalence has changed over time (Steckel and 

Rose 2002, Roberts and Cox 2003, Steckel et al. 2018).  

 

3.3.1 Osteoarthritis 
 

OA is a disease of the synovial joints and one of the most common joint diseases (Litwic et al. 2013, 

Neogi 2013, Palazzo et al. 2016). The rates of OA that have been reported in clinical literature range 

from 12-22%, and the number of incidences of OA being reported appears to be increasing (Palazzo 

et al. 2016). The spine is one of the most common sites for OA in conjunction with the knee, hand, hip 
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and metatarsophalangeal joints. Prevalence rates of lumbar spine OA having an estimated prevalence 

of 40-85% in modern populations (Goode et al. 2013, Litwic et al. 2013, Palazzo et al. 2016). In the 

spine, OA involves the zygapophyseal facet joints, located on the posterior aspect of the vertebrae 

(Gellhorn et al. 2013). OA has been defined as the failure of the articular cartilage and the associated 

changes that occur to the bone and joint surface as a result of this (Michet and Ernste 2016). However, 

it may be more accurate to consider OA a failure of the joint as a whole, rather than simply a failure 

of the cartilage (Goldring and Goldring 2007, Gellhorn et al. 2013, Michet and Ernste 2016). The entire 

joint complex is affected in OA. During the disease process there is growth of sclerotic bone on the 

joint surface, bone growth at the joint margins, and changes to the synovium and para-articular 

structures that surround the joint (Gellhorn et al. 2013, Michet and Ernste 2016).  

 

3.3.1.1 Aetiology and pathophysiology of OA 

 

OA is a progressive disorder, varying from barely present lesions on the bone in its earliest 

manifestations, to severe osteophyte growth and potential ankylosis at its later stages (Sager 1969, 

Swagerty and Hellinger 2001, Waldron 2009). Progressive loss of cartilage also leads to bone-on-bone 

contact, resulting in eburnation of the joint surfaces which appears “shiny” in skeletal remains 

(Waldron, 2009). There are multiple intrinsic and extrinsic factors which influence the development 

of OA, and not all the potential causes and interactions of OA have been identified and explored (Litwic 

et al. 2013, Michet and Ernste 2016, Palazzo et al. 2016). The main theories regarding the cause and 

progress of OA either focus on mechanical or biochemical causes, or a mixture of both (Michet and 

Ernste 2016). Mechanical theories suggest that the cartilage is injured after loading, while in 

biochemical theories, it is thought that the cartilage fails to repair itself to compensate for injury 

(Aigner et al. 2004, Ashkavand et al. 2013, de Rezende and de Campos 2013, Felson 2013, Johnson 

and Hunter 2014, Mobasheri and Batt 2016). It is logical to think that cartilage will be damaged during 

repeated loading, and it has been shown in research that cartilage loses its ability to repair itself over 

time, which could help to explain rates of OA increase with age (Martin and Buckwalter 2002, Benoist 

2003, Michet and Ernste 2016). Cartilage destruction leads to the development of primary OA 

(Charalambous 2014, Michet and Ernste 2016). Secondary OA can occur through developmental 

malformations, joint hypermobility or trauma (Charalambous 2014, Michet and Ernste 2016). 

Traumatic injury to the joint or chronic joint injury causes secondary OA by damaging the cartilage and 

weakening the subchondral bone (Charalambous 2014, Michet and Ernste 2016). Repeated impact 

loading can cause derangement of the joint, weakening the ligaments leading to mechanical 

misalignment (Charalambous 2014, Michet and Ernste 2016). 
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Reviews over the past decade have aimed to highlight the most researched factors which contribute 

to OA. Reviews undertaken by Goldring and Goldring (2007) and work by Appleton (2018) presented 

at the Osteoarthritis Research Society International (OARSI) conference have identified that 

biomechanics/joint injury, ageing, hereditary contributions, and metabolic derangement are key areas 

in the understanding of how and why OA develops. These can be grouped into intrinsic and extrinsic 

factors. 

3.3.1.1.1 Intrinsic factors in the development of OA 

 

The primary intrinsic factor in the development of OA is genetics, which can have an influence on the 

mechanics of the joint by coding for a weaker joint cartilage, thus predisposing for OA (Spector and 

MacGregor 2004, Kalichman and Hunter 2007). Human twin studies have shown that there is 

potentially a 70% contribution from genetics to the development of spinal OA (Spector and MacGregor 

2004). A recent review of research on OA identified 90 genome wide significant risk loci, 56 of which 

were identified within the last few years (Reynard and Barter 2020). The majority of research that is 

carried out on the genetics of OA explores the knee and hip (Ryder et al. 2008, Jeffries 2019, Reynard 

and Barter 2020). A review paper by Ryder et al. (2008) compared genetic loci for peripheral joint OA 

and spinal degeneration. This study reviewed 90 papers, which included 23 studies investigating 

genetic associations with spine OA. From this review, it was found that 19 genetic locations had been 

investigated, with 15 reported to be significantly associated with the disease (Ryder et al. 2008). Of 

the overall 19 genetic locations, only 8 had been tested in more than one study. Gene locations that 

found significant association with spine OA and were tested in more than one study can be seen in 

Table 3.1. The only other gene to have been tested more than once was ESR1 which showed no 

significant associations in either study. 
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Table 3.1. Gene locations associated with spine OA that have been tested in more than one study, adapted from Ryder et al. 
(2008). 

Gene locus No. 
Studies 

Papers 

Vitamin D Receptor 5/8 Jones et al. 1998, Videman et al. 1998, Baldwin et al .2002, Kawaguchi 
et al. 2002, Noponen-Hietala et al. 2003, Jordan et al. 2005, Cheung et 
al. 2006, Koshizuka et al. 2006, 

Collagen Types 

COL9A2 2/4 Kales et al. 2004 Jakkula et al. 2005 Jim et al. 2005 Seki et al. 2006 

COL9A3 2/4 Kales et al. 2004 Jakkula et al. 2005 Jim et al. 2005 Solovieva et al. 2006 

COL11A2 2/2 Noponen-Hietala et al. 2003 Jakkula et al. 2005 

Aggrecan - AGC1 1/2 Kawaguchi et al. 2002 Noponen-Hietala et al. 2003 
 

Interleukin - IL1B 1/2 Solovieva et al. 2004 Koshizuka et al. 2006  

Matrix Metallopeptidase - 
MMP3 

1/2 Takahashi et al. 2001 Noponen-Hietala et al. 2003 

 

Related to genetics are sex and ethnicity, which can also influence the risk of developing OA. Overall, 

females are generally at greater risk of developing OA, but this varies by joint and by population (Litwic 

et al. 2013, Palazzo et al. 2016, Nelson 2018, O’Neill et al. 2018). In a meta-analysis carried out by 

Srikanth et al. (2005) it was found that males over the age of 55 years had a significantly increased risk 

of developing cervical OA, while females tended to have a more severe OA in the knees. This study 

also highlighted that estimates of sex differences in prevalence were mostly explained by age, but also 

by the definition of OA (Srikanth et al. 2005). Contartese et al. (2020) explored sex differences in pre-

clinical in vitro studies. They found sex differences in the expression of different genes and molecules 

in the synovial fluid of the joints in males and females, with females more likely to express pro-

inflammatory molecules related to joint degeneration (Contartese et al. 2020). Ethnicity has also been 

theorised to influence development of OA. In the USA research suggests that African Americans are 

more at risk of developing OA than European Americans, especially in larger joints such as the knee 

(Allen 2010). Obana and Davis (2016) investigated differences in Native Hawaiians, Pacific Islanders, 

European Americans, and Asian Americans. This found that both ethnicity and sex played a role in the 

development of OA. Males of Native Hawaiian and Pacific Island descent were significantly more likely 

to have arthritis, with disease onset peaking twenty years earlier between the ages of 45-54 years of 

age (Obana and Davis 2016). Also, while Native Hawaiian and Pacific Island females had higher body 

mass index than European and Asian females, their rates of osteoarthritis were only slightly higher 

(Obana and Davis 2016). The Global Burden of Disease study, which investigated rates of hip and knee 

OA, found that globally, women have a higher prevalence rate of OA in these anatomical regions (Cross 

et al. 2014). Women in high income Pacific Asia, North Africa, and Oceania had the highest rates of 

knee OA, while those in high income North America/Pacific Asia and Southern Latin America had the 
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highest rates of hip OA (Cross et al. 2014). These trends were also reflected in male rates of OA, but 

at a significantly reduced rate. The lowest rates of knee and hip OA for both men and women were 

found in South Asia and East Asia respectively (Cross et al. 2014). 

Metabolic derangement is another intrinsic factor which can lead to OA through altering the rates of 

catabolism and anabolism in the tissues of the joint (Munjal et al. 2019). The abnormal mechanical 

loading and inflammation in the synovium contribute to the dysregulation of these processes within 

the chondrocytes (Goldring and Goldring 2007, Sherwood 2019). Research studies have shown that 

these changes can lead to a cleaving of collagen type II and an increase in water content in the surface 

of the cartilage (Poole et al. 2002, Goldring and Goldring 2007, Dejica et al. 2012). The potential 

mechanism for this loss is due to increases in anabolic factors such as bone morphogenic protein and 

TGF-B factors (Fukui et al. 2003, Nakase et al. 2003). This leads to a loss of tensile strength in the lesion 

as it progresses. However, research has also shown there is a slight increase in the level of collagen 

type II in the less superficial regions of the articular cartilage to compensate for the surface loss 

(Goldring and Goldring 2007). The most important factor in the degeneration of cartilage in the 

process of OA is that once the cartilage has been degraded, the chondrocytes are not able to recreate 

the complexity of the collagen which was laid down during development, meaning any replacement 

cartilage laid down will not be as strong, which also linked to ageing (Goldring and Goldring 2007).  

Related to genetics and metabolism are the presence and levels of different biomarkers, such as those 

found in the blood serum and urine (Munjal et al. 2019). These may also be useful in understanding 

the process of development of OA and how different genes are linked to OA. Micro RNA (MiRNA), non-

coding RNA molecules which regulate gene expression, have been found to be linked to several genes 

which are potentially involved in the development of OA (Munjal et al. 2019). There have been 

multiple studies showing that different MiRNA are involved in regulating different molecular 

pathways, including those of transforming growth factors and interleukins (Munjal et al. 2019). Wan 

et al. (2018) found that one MiRNA was significantly decreased in those with OA compared to healthy 

controls. This MiRNA was known to be involved in regulating interleukins involved in cartilage 

degradation (Honorati et al. 2002, Wan et al. 2018). Therefore, it is possible that the lack of this MiRNA 

allowed the interleukins to destroy cartilage within the joints, leading to OA.  

Other biomarkers in the urine may also shed light on the process of OA development. For example, in 

one study exploring lumbar spinal degeneration, high levels of the collagen type II degradation marker 

CTX-II were strongly associated with degeneration of the intervertebral disc and growth of 

osteophytes on the vertebral body (Goode et al. 2017). Conversely, high levels of hyaluronic acid in 

the blood serum were found to be linked to facet joint OA, this marker had previously been found to 
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be linked to OA in the knee, hip, and hands (Goode et al. 2017). While such information may not be of 

use for the identification of OA in skeletal human remains, it reinforces the fact that osteoarthritis of 

the spine is a disease of the zygapophyseal joints and not a disease of the vertebral body itself. It also 

suggests a difference in the pathophysiology of degenerative process within the two joint types, with 

degeneration in the facet joints being more closely linked to the degeneration of other synovial joints, 

for example the hands and knee (Goode et al. 2017). This is an important point to make, as it 

emphasises the requirement for more specific and accurate terminology when referring to 

degeneration of the facet joints and the vertebral body in palaeopathological research. For example, 

in the work by Jurmain (1990), degeneration of the vertebral body is referred to as vertebral 

osteophytosis (VO) and degeneration of the facet joints is referred to as OA. This is a theme shared in 

some research, but not all.   

Another contributor to the development of OA is ageing (Litwic et al. 2013, Palazzo et al. 2016, Nelson 

2018, O’Neill et al. 2018). This is a multifaceted risk factor that links to the accumulation of 

mechanically induced damage as well as the genetics and the ageing of cells (Martin and Buckwalter 

2002, Goldring and Goldring 2007). It has been found that cells have a limited number of divisions, 

potentially due to the shortening of the telomeres (sections of DNA at the ends of chromosomes) 

(Martin and Buckwalter 2002, Goldring and Goldring 2007). Ageing of the cells within articular 

cartilage has been linked to a reduction in the ability of cartilage to repair damage (Martin and 

Buckwalter 2002, Goldring and Goldring 2007, Litwic et al. 2013, Charalambous 2014). Defects then 

accumulate within the cartilage, leading to “abnormal” cartilage less able to cope with mechanical 

loads applied to it (Martin and Buckwalter 2002, Goldring and Goldring 2007, Saberi Hosnijeh et al. 

2019). Sarcopenia, degeneration and weakening of the muscles, in the spine may be related to ageing.  

Research has found a link between increased age and decreased muscle strength (Palazzo et al. 2016, 

Hiyama et al. 2018, Song et al. 2018). As muscles weaken, they are less able to carry out their functions 

of support and force distribution (Hiyama et al. 2018; Song et al. 2018). This in turn links to the idea 

of “abnormal” loading in the spine as the joints are dealing with unequally distributed forces (Goldring 

and Goldring 2007, Hiyama et al. 2018, Song et al. 2018).  

 

3.3.1.1.2 Extrinsic factors in the development of OA 

 

It has been reported the main extrinsic factor which influences the development of OA is mechanical 

loading. Changes to the joint can occur through two different mechanisms. Either OA develops as a 

result of “abnormal” loading on “normal” cartilage and bone, or as a result of “normal” loading on 
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“abnormal” cartilage and bone (Goldring and Goldring 2007). The idea of “abnormal” cartilage is 

important, as this is where other risk factors such as ageing and genetics may interact with mechanical 

factors (Goldring and Goldring 2007, Vo et al. 2013). Many changes have been observed in ageing 

cartilage, such as softening of the articular surface and decreases in the strength and stiffness of the 

matrix. These differences are attributed to changes in the composition, content, and organisation of 

components within the matrix. For example, one type of proteoglycan, aggrecan, decreases in 

molecular size and becomes less prevalent, which contributes to the modification of the 

biomechanical properties of the cartilage matrix with age (Goldring and Goldring 2007, Vo et al. 2013). 

The development of OA is also influenced by other extrinsic factors such as lifestyle, obesity, and 

smoking (Spector and MacGregor 2004, Litwic et al. 2013, Palazzo et al. 2016, Nelson 2018, O’Neill et 

al. 2018). Regular exercise may reduce the risk of sarcopenia, and therefore OA (Litwic et al. 2013; 

Palazzo et al. 2016). However, heavy exercise and more physical occupations have been linked to 

increased risk for OA (Litwic et al. 2013; Palazzo et al. 2016; O’Neill et al. 2018). Also linked to the 

development of OA is smoking. There are multiple possible mechanisms through which smoking may 

affect the spine. These include causing increased cartilage loss, inflammatory responses in the joint, 

and increased risk cardiovascular disease, metabolic dysfunction, and higher body mass index (Sharma 

and Petrukhina 2013, Dubé et al. 2016, Al-ameri et al. 2018, Nelson 2018). While these are theories 

on how smoking may cause joint degeneration, the link between smoking and OA is complicated and 

controversial (Hui et al. 2011, Felson and Zhang 2015). Some studies have found strong associations 

with smoking and degeneration in the spine (Sharma and Petrukhina 2013, Al-ameri et al. 2018). 

However, this is not true for all joints in the body. In a study by Dubé et al. (2016) on knee OA, while 

over the short-term smokers were found to report more knee pain than non-smokers, in the long-

term smokers show no greater disease progression.  

 

3.3.1.2 Diagnosis of OA in clinical and bioarchaeological settings 

 

OA is diagnosed clinically through a three-stage process. Initially, a clinician will take a patient’s 

medical history and discuss their symptoms. Neogi (2013) stated that one of the main symptoms of 

OA is ongoing chronic pain and that as the disease worsens over time, so too can the frequency and 

intensity of the pain experienced. The pain is usually described as a deep aching sensation (Neogi 

2013, Michet and Ernste 2016). Increased pain, as well as neurological complications, are usually 

found in those with facet joint OA rather than in those with more general degeneration of the 

vertebral body. One hypothesis for this is that the facet joints are more closely related to 

neurovascular structures, and osteophytes in this area can cause stenosis of the vertebral foramen 



54 
 

(Neogi 2013, Michet and Ernste 2016). This narrowing then impinges on the nerves and causes pain, 

as well as potentially affecting motor function (Neogi 2013, Michet and Ernste 2016, Öğrenci 2018). 

Following initial assessment, the patient will undergo a physical examination (Wang, Oo, et al. 2018). 

This will cover the patient’s general musculoskeletal health, and investigate the patient’s muscle 

strength, flexibility, and capacity to carry out everyday tasks such as walking (Sinusas 2012, Abhishek 

and Doherty 2013). Physical examination can narrow the focus to a certain area of the spine and help 

to pinpoint which activities are causing pain. If required, the patient will then be sent for imaging 

through radiographs, CT scan, or MRI (Abhishek and Doherty 2013, Neogi 2013, Öğrenci 2018). These 

imaging techniques are useful in diagnosis of osteoarthritis, as they can show cartilage loss and 

osteophytic growth. The physical and radiological assessment of osteophyte growth does not 

necessarily reflect the level of symptoms, e.g., more severe OA does not necessarily mean more severe 

joint pain. The lack of correlation between severity of osseous changes and symptoms may in part be 

because imaging techniques do not fully capture the levels of bone growth on the joint. Most 

individuals over the age of 60 have degenerative changes that are consistent with OA, but they do not 

present pain (Neogi 2013, Öğrenci 2018).  

OA is diagnosed in human skeletal remains, typically in a bioarchaeological context, by the presence 

of bony changes occurring because of the disease process. This includes the presence of eburnation, 

which can be identified on the bone through its shiny appearance (Waldron 2009, Molnar et al. 2011, 

Myszka et al. 2020). OA can also be identified by the presence of marginal osteophytes, new bone 

growth on the surface of the joint, pitting of the joint surface, and alteration of the joint contour. 

According to the operational definition for OA posed by Waldron (2009), the diagnosis of OA must 

have eburnation or at least two of the additional lesions listed above. In the archaeological and 

palaeopathological literature, the diagnostic criteria can differ (as will be discussed in Chapter 4). 

However, it has been advised that the diagnosis of OA is not made on the basis of a singular minor 

trait (Rogers et al. 1987, Waldron 2009). This is because these changes are also related to the natural 

ageing process of the bone and there is some overlap with the criteria used to diagnose other spinal 

diseases. OA is a disorder of the synovial joints, meaning that in the spine only the facet joints of the 

spine are affected by OA and not the vertebral bodies. Therefore, the diagnosis of OA should be made 

only when observing the changes of the zygapophyseal facet joints. Changes in the vertebral body are 

similar to OA but have slight differences, which will be discussed later in this chapter. 
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3.3.1.3 Scoring methods for OA in clinical literature 

 

One of the oldest methods for scoring the severity of OA comes from the clinical literature and was 

proposed by Kellgren and Lawrence (1957). It is the most commonly cited method for grading OA in 

the clinical literature and has been accepted by the World Health Organisation (WHO) as the standard 

for OA epidemiological studies (Sangha 2000, Schiphof et al. 2008). The method relies on the use of 

radiographs to view the joint structures. Joint changes which are used to score the severity of changes, 

as listed in the original article, are:  

• Osteophytes  

• Periarticular ossicles 

• Joint cartilage narrowing and associated sclerosis of the subchondral bone 

• Pseudocystic areas of subchondral bone 

• Altered shape of bone ends 

An example of how these changes can be viewed in CT imaging is seen in Figure 3.1 

 

 

 

 

 

 

 

 

 

Kellgren and Lawrence (1957) graded these changes of OA on a scale of 0-4, with grades titled as 

“none”, “doubtful”, “minimal”, “moderate” and “severe”. Practitioners must use the list of traits, such 

as osteophyte growth and periarticular ossicles, as a guide when assigning a grade to a joint. However, 

no description is provided of what changes may or may not be present at each stage of degeneration. 

A further method for scoring degeneration of the joints was created by Kellgren et al. (1963). This 

method, published in an atlas of standard radiographs of arthritis, is slightly different to the original 

proposed by Kellgren and Lawrence (1957). Instead of listing traits which practitioners evaluate when 

Figure 3.1. Facet joint osteoarthritis as seen in CT imaging. (a) sagittal view, hypertrophy of the articular facet (black arrow). (b) 
axial view, joint space narrowing (thin white arrow). (c) axial view, joint capsule calcification (arrowhead) and vacuum 
phenomenon (white arrow) (Perolat et al. 2018). 
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judging the severity of joint degeneration, Kellgren et al. (1963) provided a specific description for 

each grade of severity. The features this method uses, and the scoring system, can be seen in Tables 

3.2 and 3.3, where they are compared to other clinical methods for scoring OA. The methods in both 

tables are predominantly designed for use on either the lumbar or cervical facet joints. However, the 

Kellgren and Lawrence (1957) method can also be used in both. There are no commonly used methods 

for grading facet joint OA in the thoracic vertebrae (Gellhorn et al. 2013). This is potentially because 

bone deformation leads to the most serious side effects in the lumbar and cervical regions.  

 

Table 3.2. Different degenerative features used for grading in clinical methods. Adapted from information in Kettler and Wilke 
(2006), Gellhorn (2013) and the original studies listed. Symbols: ? indicates confusion within the literature about the inclusion 
of this feature, ✓ indicates this feature is included, x indicates the feature is not included. 

Grading system 
by location 

Imaging 
modality 

Degenerative features for grading 

Joint 
space 
narrow-
ing 

Osteo-
phytosis 
of 
articular 
processes 

Hyper-
trophy of 
articular 
processes 

Facet or 
joint 
irregu-
larity 

sclerosis Subch-
ondral 
erosions 

Subch-
ondral 
cysts 

Joint 
space 
vacuum 
phenom-
enon 

Cervical 

Kellgren-
Lawrence 

Radio-
graphy 

? ✓ x ✓ ✓ x x x 

Kellgren et al Radio-
graphy 

x ✓ x ✓ ✓ x x x 

Lumbar 

Pathria Radio-
graphy, 
CT 

✓ ✓ ✓ x ✓ x x x 

Kellgren-
Lawrence 

Radio-
graphy 

? ✓ x ✓ ✓ x x x 

Weishaupt CT, MRI ✓ ✓ ✓ x x ✓ ✓ x 

Kalichman et al CT ✓ ✓ ✓ x ✓ ✓ ✓ ✓ 
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Table 3.3. Grading systems used in a selection of clinical methods for facet joint degeneration.  Adapted from information in Kettler and Wilke (2006) and the original studies listed. 

 

 

 

Area Method Imaging 
modality 

0 1 2 3 4 

Lumbar Kalichman 
et al 
(2009) 
 
 
 
 
 
 
 
 
 

CT x Normal, no joint space 
narrowing (2mm or 
greater), no osteophytes 
or possible small 
osteophytes, no articular 
hypertrophy, no or 
doubtful sclerosis, no 
subchondral erosions, no 
subchondral cysts, no 
joint space vacuum 
phenomenon 

Mild joint space 
narrowing (1-2mm), 
and/or definite small 
osteophytes, and/or 
mild articular process 
hypertrophy, and/or 
definite sclerosis, no 
subchondral erosions, 
no subchondral cysts, 
and/or no joint space 
vacuum phenomenon 

Moderate joint space 
narrowing (<1mm), 
and/or moderate 
osteophytes, and/or 
moderate articular 
process hypertrophy, 
and/or mild 
subchondral erosions, 
and/or mild 
subchondral cysts, 
and/or joint space 
vacuum phenomenon 

Severe joint space 
narrowing (bone to 
bone), and/or large 
osteophytes, and/or 
severe articular process 
hypertrophy, and/or 
severe articular erosions, 
and/or severe 
subchondral cysts, and/or 
joint space vacuum 
phenomenon 

Weishaupt 
et al 
(1999) 
 
 
 
 
 

CT, MRI Normal facet 
joint space (2-
4mm width) 

Narrowing of the facet 
joint space (<2mm) 
and/or small 
osteophytes and/or mild 
hypertrophy of the 
articular process 

Narrowing of the facet 
joint space and/or 
moderate osteophytes 
and/or moderate 
hypertrophy of the 
articular process and/or 
mild subarticular bone 
erosions 

Narrowing of the facet 
joint space and/or 
large osteophytes 
and/or severe 
hypertrophy of the 
articular process 
and/or severe 
subarticular bone 
erosions and/or 
subchondral cysts 

x 
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Table 3.3. Grading systems used in a selection of clinical methods for facet joint degeneration.  Adapted from information in Kettler and Wilke (2006) and the original studies listed (continued).

 Pathria et 
al (1987) 

Radiography, 
CT 

Normal Joint space narrowing 
(mild degenerative 
disease) 

Narrowing plus sclerosis 
or hypertrophy 
(moderate degenerative 
disease) 

Severe osteoarthrosis 
with narrowing, 
sclerosis and 
osteophytes (severe 
degenerative disease) 

x 

Both Kellgren 
and 
Lawrence 
(1957) 

Radiography None, Definite 
absence of x-
ray changes of 
osteoarthrosis 

Doubtful Minimal, osteoarthrosis 
is definitely present 
(according to previously 
listed criteria) though of 
minimal severity 
 

Moderate Severe 

Cervical Kellgren et 
al  (1963) 

Radiography (Added by 
Côté et al 
(1997)) 
Absence of 
degeneration 
in the 
apophyseal 
facets 

Doubtful osteophytes on 
margins of the articular 
facets of the apophyseal 
joints 

Definite osteophytes 
and subchondral 
sclerosis in apophyseal 
joints 

Moderate 
osteophytes, 
subchondral sclerosis 
and some irregularity 
of articular facets 

Many large osteophytes 
and severe sclerosis and 
irregularity of the 
apophyseal facets 
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There are issues with both Kellgren and Lawrence (1957) and Kellgren et al. (1963) and their 

application in epidemiological research. Sangha (2000) criticised Kellgren and Lawrence (1957) for the 

lack of ability to accurately grade joint space narrowing (JSN) on radiographs. However, this criticism 

is taken from another paper, Spector and Hochberg (1994), which mis-cites the “original” Kellgren and 

Lawrence work as being the atlas method published in 1963. This issue of cross citing the different 

methods contributes to problems in how they are defined in the literature, particularly in relation to 

JSN. The 1963 atlas, as quoted in by Côté et al. (1997), does not include criteria for JSN, matching the 

original Kellgren and Lawrence (1957) publication which does not specifically list JSN, using the term 

“joint cartilage narrowing” (Kellgren and Lawrence 1957). Difficulties could be due to a change in 

terminology, with “joint cartilage narrowing” being synonymous with “joint space narrowing”, as the 

joint space in OA narrows due to cartilage thinning. However, it could also partly be due to the joint 

type being analysed. For example, Côté et al. (1997) and Gellhorn et al. (2013) describe Kellgren et al. 

(1963) and Kellgren and Lawrence (1957) respectively, and state that the methods (without JSN) were 

for grading facet OA. Comparatively, in a review by Schiphof et al. (2008) both methods pertained to 

OA in the knee joint and all included criteria for JSN. It is not stated if the description of Kellgren and 

Lawrence (1963) provided by Spector and Hochberg (1994) refers to a specific joint type, but their 

inclusion of JSN in relation to the 1963 atlas contradicts Côté et al. (1997). 

Differences in the descriptions of the Kellgren and Lawrence (1957, 1963) methods could be because 

researchers altered approaches for different joint types. However, it should be noted the original 

method proposed by Kellgren and Lawrence (1957) was designed to be applied to all joint types. 

Therefore, only using JSN as a criterion for a specific joint type does not hold and would suggest this 

may be the result of a misinterpretation of the “joint cartilage narrowing” listed in the original method. 

In terms of methods that agree on use of joint space narrowing, the 5 descriptions of Kellgren and 

Lawrence (1957) and Kellgren et al. (1963) presented in Schiphof et al. (2008) all differed in how these 

methods should be applied to joints and included different grading criteria at different stages of the 

severity scale. Other methods posed for grading OA, as seen in Table 3.2, also tend to rely on JSN.  

Historically, CT has been the preferred method of imaging for OA related changes as it presents bony 

changes with more precision, while MRI has been used for other disorders such as stenosis and disc 

degeneration (Pathria et al. 1987, Weishaupt et al. 1999, Shur et al. 2015). A study by Weishaupt et 

al. (1999) investigated grading the severity of OA using both MRI and CT and found moderate to good 

agreement, with Kappa values of 0.41 and 0.60 for each imaging modality, respectively. This study 

used a grading system, based on Pathria et al. (1987), that differed from the widely used Kellgren and 

Lawrence (1957) method. Weishaupt et al. (1999) used a scoring system ranging from 0-3 which 

included examining osteophytes, hypertrophy, and bone erosions, with the formation of subchondral 
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cysts being a sign of the highest severity, with a full description of the criteria which must be fulfilled 

for each severity score. This differed from Kellgren and Lawrence (1957), who simply listed 

osteological characteristics which practitioners use to grade the changes within a joint as normal 

through to severe. It also differed from the method by Pathria et al. (1987) as the guidelines are more 

detailed. Weishaupt et al. (1999) also includes an attempt to measure the narrowing of the joint space 

and descriptions show a sequential change in criteria required for each severity score, with the 

inclusion of further characteristics which reflect the disease process of OA. The criteria included in this 

method and the descriptions can be seen in Tables 3.2 and 3.3.  

A review carried out by Kettler and Wilke (2006) looked at the reported reliability rates of methods 

for scoring degeneration of facet joints and disc degeneration presented in the clinical literature, to 

see which could be recommended for use in clinical work. In this review, 42 different methods were 

found, with only 12 methods having carried out inter and intra observer tests, whether by Kappa or 

intraclass correlation coefficient (ICC) calculations (Kettler and Wilke 2006). From research with 

published reliability testing, Kettler and Wilke (2006) set a reliability threshold of >0.60 (at least 

substantial agreement) for disc degeneration and >0.40 (at least moderate agreement) for facet 

degeneration. The facet threshold was lower because the researchers assumed the assessment of 

degeneration in the facets was more difficult than that of IVD (Kettler and Wilke 2006). Of the methods 

for scoring degenerative changes in the facets reviewed, only four met the recommendation 

threshold. These methods included three for lumbar degeneration (Pathria et al. (1987) for CT and 

Weishaupt et al (1999) for CT and MRI) and one for cervical degeneration (Kellgren et al. (1963) for 

radiograph). 

This review noted that the radiographic method by Pathria et al. (1987) should not be used due to 

lower inter observer reliability, with a Kappa value of 0.26, but the method using CT was acceptable 

for use with observer reliability of 0.46 (Kettler and Wilke 2006). The original and widely used method 

proposed by Kellgren and Lawrence (1957) was also not recommended, as it had not undergone the 

required inter observer testing by Kappa or ICC, instead using linear correlation coefficients. This 

method only reflects the strength of the relationship between observers, and not the strength 

between observed measurements (Kettler and Wilke, 2006). For example, if observer one consistently 

scores joint degeneration one grade lower than observer two, they will have perfect linear correlation 

but the actual agreement between observers is low (Kettler and Wilke 2006).  

There may be some scope for palaeopathologists to utilise certain clinical methods when grading the 

degeneration of facet joints in skeletal remains. The Kellgren et al. (1963) method, as defined by Côté 

et al. (1997), describes bone changes and a scoring method like those in palaeopathological research. 
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For example, the methods posed by Buikstra and Ubelaker (1994), Rogers and Waldron (1995) and 

Sager (1969) also describe osteophyte formation, altering of joint surface and contour, and bone 

erosion leading to cystic areas in the joint. These criteria match those used in some palaeopathological 

research which also grades osteophytes, sclerosis and joint margin irregularity in conjunction with 

other criteria such as eburnation, pitting and subchondral cysts (Knüsel et al. 1997, Derevenski 2000, 

Hussien et al. 2009, Rojas-Sepúlveda et al. 2011, Woo and Pak 2014). If this method were not used by 

palaeopathologists, it may still be possible to compare research in skeletal remains to clinical research 

that uses this version of the Kellgren et al. (1963) method based on shared characteristics. The other 

methods previously discussed in Table 3.2 may also allow comparisons between skeletal and clinical 

research due to similarities between grading criteria. One commonality between methods is that they 

grade the severity of osteophytes on the joint margin. While this is not the sole defining feature in the 

diagnosis of OA in clinical or palaeopathological literature, it is certainly one area that may be readily 

comparable. 

Further to these similarities, in the method by Kalichman et al (2009), severe OA is also diagnosed by 

the presence JSN to the point of bone on bone articulation. In skeletal remains, such articulation is 

exhibited as eburnation on the joint surface and is the key diagnostic feature of osteoarthritis in 

Waldron’s (2009) operational definition of OA, which states that if eburnation is not present, then two 

or more other degenerative features must be present, such as osteophytes, altered joint contour, new 

bone growth on the joint surface and pitting on the joint surface. The last two characteristics 

potentially relate to clinical characteristics such as joint surface sclerosis, subchondral/subarticular 

bone erosions and subchondral cysts. Craps (2015) suggested that eburnation is the only trait that is 

pathognomonic in OA. Joints exhibiting eburnation in skeletal remains may therefore be comparable 

to the most severe joints diagnosed by Kalichman et al. (2009). 

Cysts within the bone may not be visible during simple macroscopic evaluation of skeletal remains and 

may require radiographic analysis. This means that comparisons of OA between clinical and 

palaeopathological studies may be hindered if researchers do not have enough time or funding to take 

radiographs of skeletal remains. It may also not be possible to compare individuals with mild or 

moderate OA between clinical and skeletal research as this relies on the presence of mild/moderate 

JSN, which does not leave any marks on the bone. The method by Kalichman et al. (2009) is also the 

only one compared here which relies on the presence of joint vacuum phenomenon, presence of gas 

in the joint space due to degeneration, which for obvious reasons cannot be assessed in skeletal 

remains (Kalichman et al. 2009, Sun et al. 2019). However, it may still be possible to compare 

prevalence rates of both unaffected individuals and severely affected individuals in skeletal and clinical 

populations. Such individuals would either exhibit no degenerative changes associated with OA, or 
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readily evident degenerative bony changes such as eburnation and severe osteophytosis. This would 

clearly not lend itself to a complete population comparison, and a full investigation of severity rates, 

but may allow the beginnings of explorations in trends between modern and past populations.  

 

3.3.2 Degenerative disc disease 
 

The intervertebral discs (IVD) are important structures for absorbing forces within the spine. The discs 

themselves are comprised of two layers, the central compression resisting nucleus pulposus and the 

outer tension resisting annulus fibrosus (Choi 2009, Kushchayev et al. 2018). The nucleus pulposus is 

a gelatinous structure which is highly viscous and elastic and is comprised of proteoglycans and water, 

acting to transfer forces between the vertebrae (Choi 2009, Kushchayev et al. 2018). Chondrocytes 

within the nucleus pulposus provide a constant turnover over of molecules synthesising and breaking 

down the proteoglycans within the disc which hold water and collagen and help maintain the 

intradiscal pressure (Choi 2009). The annulus fibrosus is the ligamentous outer layer of the 

intervertebral discs (Choi 2009). It is made from 15-20 collagenous laminae which run obliquely in 

different directions (Choi 2009). As with the bony elements of the spine, the discs can undergo many 

changes in relation to the micro and macro insults they are subject to.  

 

3.3.2.1 Aetiology and pathophysiology of DDD 

 

In the majority of cases, the degeneration of the IVD starts with the nucleus pulposus (Rumboldt 

2006). Abnormal axial stress from a mix of genetic factors, age, inadequate metabolite transport and 

trauma can impair chondrocytes resulting in degeneration (Adams 2009, Choi 2009, Feng et al. 2016). 

The nucleus pulposus begins to dehydrate and becomes fibrous, acting like a solid in order to be able 

to resist compression (Gallucci et al. 2005, Adams 2009). This puts abnormal stresses on to the 

surrounding vertebrae. Increased stress on the nucleus pulposus can cause cracks and cavities, 

followed by clefts and fissures (Gallucci et al. 2005, Adams 2009, Feng et al. 2016). As the disc 

dehydrates and solidifies the disc loses height, leading to laxity of the annulus fibrosus (Adams 2009). 

These changes alter the biomechanics of the joint concentrating the loads on the endplate of the 

vertebrae and the annulus fibrosus (Fujiwara et al. 2000, Adams 2009). This results in bulging, endplate 

damage and in the formation of osteophytes at the joint margins (Gallucci et al. 2005, Adams 2009). 

The development of bone in response to changes in the disc are similar to the changes described in 

OA, however in DDD the osteophytes develop at the margins of the vertebral body and not the 
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zygapophyseal joints. The degeneration of the IVD is closely linked to spondylosis. The difference 

between a degenerated and healthy intervertebral disc can be seen in Figure 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

Changes in the annulus fibrosus can lead to spondylosis deformans, also known as bridging 

osteophytes and are characterised by anterior and lateral marginal or non-marginal osteophytes 

(Adams 2009). In this condition, the matrix of the disc is replaced by fibrous tissue and the height of 

the disc remains the same or only slightly decreased (Adams 2009). Changes primarily in the nucleus 

pulposus and vertebral body endplates are referred to as intervertebral osteochondrosis (Rumboldt 

2006). This condition also involves extensive fissuring of the annulus fibrosus. However, in contrast to 

spondylosis deformans, intervertebral osteochondrosis leads to significant disc space narrowing, 

vacuum phenomenon, reactive changes in the vertebral bodies and development of posterior 

osteophytes which can lead to stenosis of the central spinal canal and lateral neural foramina causing 

nerve impingement (Rumboldt 2006). Osteophytic growth on the vertebral bodies usually begins 

horizontally, and they are contiguous with the medullary canal and cortex of the bone (Brower and 

Flemming 2012). Marginal osteophytes are an extension of the cartilaginous endplate, while non-

marginal osteophytes (growing 2-3mm from the endplate) are not continuous with the endplate (van 

der Kraan and van den Berg 2007, Brower and Flemming 2012). Osteophytes may also be named 

relative to their direction of growth, those which grow to curve over the intervertebral disc are “claw” 

osteophytes, while those which curve away are “traction” osteophytes. These are illustrated in Figure 

3.3 from Kasai et al. (2009). 

Figure 3.2. Mid-sagittal section of two lumbar intervertebral discs. A from a young 
individual, the nucleus pulposus (as indicated by the arrow) is large and fluid-like. 
B a severely degenerated disc that is fibrous and narrow (Adams 2009). 
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While there are many risk factors implicated in the degeneration of the IVD, one of the most 

researched areas are the genetic factors involved (Vo et al. 2013, Feng et al. 2016). The genes which 

are though to contribute to DDD relate to the structure and maintenance of disc health (Feng et al. 

2016). Such genes include those for collagen, aggrecan, interleukins, matrix metalloproteinase 3 and 

vitamin D receptors (Kawaguchi et al. 2002, Kalichman and Hunter 2008, Karppinen et al. 2009, 

Videman et al. 2009). There are multiple studies exploring the effects that different polymorphisms 

and alleles within these genes may have. The results of such studies are summarised in Table 3.4. 

What is evident from the research is that while some genes show links to increases in disc 

degeneration in multiple populations, others do not. This suggests that there may be other effects 

working in concert with the different genes to produce varying outcomes. More research is needed in 

these areas to explore the distinctive environmental, ethnic, and age-related factors to establish a 

realistic association between these genes and alleles and degeneration of the intervertebral discs. 

 

 

 

 

 

 

 

Figure 3.3. Diagram to the left shows “claw” osteophytes growing over the 
intervertebral disc space. Diagram to the right shows “traction” osteophytes 
growing away from the intervertebral disc space (Kasai et al. 2009). 
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Table 3.4. A summary of the different molecules and their variations potentially linked to degenerative disc disease. This 
information has been adapted as a summary of the text in the review article by Feng et al., 2016. 

Molecule  Gene/Allele Potential effects Studies 

Collagen I Heterotrimeric 
protein 
important in 
skin, ligaments, 
intravertebral 
discs and bone 

COL1A1 and 
COL1A2 genes  

COL1A1 linked to 
increased risk of disc 
degeneration, 
specifically the Sp1 
polymorphism in Dutch, 
Greek and Finnish 
populations 

Pluijm et al. (2004) 
Tilkeridis et al. (2005) 
Kalb et al. (2012) 
Kalichman and Hunter 
(2008) 

Collagen IX Heterotrimeric 
protein with 
distinct chains, 
coded for by 3 
genes (COL9A1-
A3) 

Col9 gene 
 

Accelerated 
degeneration of the 
discs in mice 

Kimura et al. (1996) 
Boyd et al. (2008) 

Trp2 allele of 
COL9A2 

Link to familial 
inheritance of 
Intervertebral disc 
disease and increase 
risk in degeneration in 
Finnish and Chinese 
populations but not 
Germans 
 

Annunen et al. (1999) 
Solovieva et al. (2006) 
Jim et al. (2005) 
Wrocklage et al. (2000) 

Trp3 allele of 
the COL9A3 
gene 

A 3-fold risk in disc 
degeneration in 
multiple finnish studies, 
however this was not 
found in Greek studies 

Annunen et al. (1999) 
Solovieva et al. (2006) 
Paassilta et al. (2001) 
Janeczko et al. (2014) 
Kalb et al. (2012) 
Kalichman and Hunter 
(2008) 
 

Collagen XI Cartilage 
specific ECM 
protein 
important for 
forming 
collagen fibrils 

COL11A1 gene Linked to increased disc 
herniation and severity 
of disc degeneration in 
Japanese and Finnish 
populations 

Mio et al. (2007) 
Solovieva et al. (2006) 
Videman et al. (2009) 

COL11A2 gene Linked to increased disc 
herniation in Finnish 
populations 

Solovieva et al. (2006) 
Videman et al. (2009) 

Aggrecan Proteoglycan 
that assists in a 
tissues ability to 
resist 
compression. 
Made of two 
main domains, 
CS1 and CS2 

ACAN gene, 
specifically 
alleles relating 
to the CS1 
domain 

Allele alterations 
potentially leads to the 
development of inferior 
aggrecan. Allele 
alteration linked to disc 
degeneration in 
Japanese population 
but not in others 

Kawaguchi et al. (1999) 
Roughley et al. (2006) 
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Table 3.4. A summary of the different molecules and their variations potentially linked to degenerative disc disease 
(continued). This information has been adapted as a summary of the text in the review article by Fend et al., 2016. 

Molecule  Gene/Allele Potential effects Studies 

Interleukins Cytokines 
produced in 
response to 
inflammation 

Interleukin-1 
gene family 

Dysregulate IL-1 genes 
are related to tissue 
destruction through 
collagen destroying 
enzymes. Linked to 
lumbar disc 
degeneration in Finnish 
men 

Le Maitre et al. (2005) 
Solovieva et al. (2004) 
Karppinen et al. (2009) 

Interleukin-6 
cytokine risk 
alleles 

Correlated with the 
presence of back pain 
and sciatica. Strongly 
associated with disc 
degeneration in Finnish 
individuals and in 
Danish girls but not 
boys 

Wuertz and Haglund 
(2013) 
Noponen-Hietala et al. 
(2005) 
Eskola et al. (2010) 

Matrix 
Metallo-
proteinase -3 
(MMP-3) 

An enzyme that 
degrades the 
intervertebral 
disc matrix 

MMP-3 gene 
polymorphism 

Linked to disc 
degeneration in 
Japanese and English 
populations but not in 
Finnish populations 

Takahashi et al. (2001) 
Valdes et al. (2005) 
Noponen-Hietala et al. 
(2005) 

Vitamin D 
Receptors 
(VDR) 

Mediate the 
role vitamin D 
plays in bone 
mineralisation 
and remodelling 

TaqI and FoqI 
polymorphism 
of the VDR 
gene 

Linked to degenerative 
disc disease in multiple 
populations in China, 
Japan, Finland, and 
England. 

Cheung et al. (2006) 
Videman et al. (2001) 
Kawaguchi et al. (2002) 
Arai et al. (1997) 
Videman et al. (1998) 

 

Much like OA one of the main factors in DDD is hypothesised to be ageing (Siemionow et al. 2011, 

Williams and Sambrook 2011, Feng et al. 2016). This is due to the natural dehydration of the disc with 

age, which is exaggerated in degenerative discs, as well as changes to the collagen and increases in 

enzymatic activity (Adams 2009, Williams and Sambrook 2011, Vo et al. 2013, Bailey et al. 2014). With 

age there is an increase in the crosslinking between the collagen molecules causing the intervertebral 

discs to stiffen (Adams and Dolan 2005, Adams 2009, Feng et al. 2016, Wada et al. 2018). The density 

of cells within the disc decreases naturally during growth and there is an increase in matrix degrading 

enzymes (Adams, 2009). The metabolism of the disc does not change greatly after growth ceases and 

cell density only becomes of import when the disc is damaged with age. This is because, when 

combined with high levels of enzymes in the disc, a low cell density means that any attempt at 

repairing damage to the disc is severely slowed (Adams, 2009). Typical damage to the discs includes 

fissures in the annulus fibrosus and the in-growth of nerves and blood vessels into the disc (Gallucci 

et al. 2005, Adams 2009, Choi 2009, Feng et al. 2016). Age, as well as genetic predisposition, weakens 

the IVD and means the disc is liable to be damaged during daily activities (Fujiwara et al. 2000, Adams 



67 
 

2009). This would explain the prevalence of disc degeneration in the lumbar region where the forces 

are higher and in manual labourers and athletes who undergo more strenuous activities (Fujiwara et 

al. 2000, Adams 2009).  

Also considered a risk factor is the weight of an individual and whether they are obese or of increased 

weight. There is some debate as to whether an individual’s weight is indeed a risk factor. Research by 

Videman et al. (2010) using monozygotic male twins found that differences by as much as 8kg between 

the twins did not cause a significant difference in the risk of developing disc degeneration. However, 

it was pointed out by Williams et al. (2010) that the study by Videman et al. (2010) was too small (n = 

44 pairs of twins) to be able to draw such conclusions. Williams et al. (2010) referenced their research 

which found that weight did play a role in the development of disc degeneration. The study found that 

twins with increased weight were significantly more likely to present with disc degeneration 

(Sambrook et al. 1999). However, it was countered by Videman et al. (2010b) that the research was 

heavily biased using mainly females (860 of 896 individuals) and was therefore overreaching when it 

claimed that there were no sex differences. In addition, the research did not examine intrapair weight 

differences, which Videman et al. (2010) did. Instead Sambrook et al. (1999) did an overall phenotypic 

regression, which may lead their work to be open to confounding genetic effects. Additionally, 

Videman et al. (2010) state that their research did not have many clinically obese patients, unlike work 

by Sambrook et al. (1999) and that the information on levels of obesity were not present in the 

research by Sambrook et al. (1999) making the comparison of the work difficult. Indeed, it was argued 

that there should be a distinction between the effects of increased weight and obesity in study 

participants, especially taking into consideration the effects of increased weight due to muscle mass 

as opposed to increased weight due to fat (Videman et al. 2010b). 

 

3.3.2.2 Diagnosis of DDD in clinical and bioarchaeological settings 

 

Degenerative disc disease is measured in a clinical situation by a mixture of verbal and physical 

assessment, taking a medical history from the patient and then carrying out further physical tests, 

much like in the diagnosis of OA (Hasz 2012). Diagnostic studies can also be carried out to exclude 

other diagnoses; such investigations will likely include the use of radiography, CT, and MRI. The use of 

radiography is the most common due to low cost and availability (Kalichman et al. 2010). However, 

degeneration of the disc is hard to exclusively diagnose using radiographs, and instead the images are 

used to rule out other ailments such as scoliosis, spondylolisthesis, and fractures of the vertebrae 

(Hasz 2012). X-ray images do not directly view the soft tissue of the disc but can be used to assess 

changes in disc height by how close together the bodies vertebrae are (Hasz 2012). In the early stages 
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of degeneration, there may be no changes visible on x-ray as the damage may be limited to tears or 

bulging, which cannot be seen in this imaging modality (Hasz 2012). Instead radiography is used to 

assess the bony anatomy of the spine and to check the alignment of the vertebrae (Samartzis et al. 

2015). Much like radiograph, CT imaging is also of limited use as it too can appear normal in the early 

stages of DDD (Hasz 2012). CT is useful for the exclusion of pars defects and spondylolisthesis as well 

as further demonstrating the findings of any radiographs (Kalichman et al. 2010, Hasz 2012). 

Additionally, CT can identify osteophyte growth on the vertebrae, sclerosis of the endplate and the 

phenomenon known as vacuum disc sign (Kalichman et al. 2010; Ayberk et al. 2015). This is a sign 

indicative of DDD caused by the presence of gas, typically nitrogen, within the disc (Ayberk et al. 

2015)a. The most useful aspect of CT scans is that they can be carried out in conjunction with 

myelography (Kalichman et al. 2010; Hasz 2012). This allows for the assessment of possible nerve 

compression and indirectly allows for the visualisation of disc protrusions (Kalichman et al. 2010; Hasz 

2012). MRI can also be used to evaluate the spinal canal and the space available for neural structures 

to pass through (Samartzis et al. 2015, Babu et al. 2017). Like the other imaging modalities MRI can be 

used to assess the overall bony alignment of the vertebral bodies and facet joint, however, it has the 

additional bonus of allowing for the direct assessment of the neural structures and intervertebral disc, 

which is not possible in the other imaging methods (Samartzis et al. 2015; Babu et al. 2017).  

While not an exclusive diagnostic technique, MRI may be the most important visualisation tool when 

it comes to assessing the degeneration of IVD due to its sensitivity (Taher et al. 2012, Babu et al. 2017). 

MRI allows for practitioners to be able to assess the hydration of the discs based on the signal intensity 

in T2 weighted images (Rumboldt 2006; Hasz 2012; Babu et al. 2017). Changes in the disc signal, or 

darkening of the disc, are associated with dehydration and loss of hydrogen ions within the disc 

(Rumboldt 2006; Hasz 2012). The dehydration of the disc is one of the earlier stages of disc 

degeneration and therefore MRI is better equipped to visualise the early stages of disc degeneration 

than other imaging methods (Rumboldt 2006; Hasz 2012). Within MRI the disc may also show an 

increase in signal intensity (Rumboldt 2006; Taher et al. 2012). In MRI sequences a healthy annulus 

fibrosus will show as hypo intense (an area of low intensity, darker in colour) (Rumboldt 2006; Taher 

et al. 2012). In those discs with areas of hyper intense signalling (an area of high intensity, lighter 

colour) this usually signifies inflammation or a tear within the annulus fibrosus that is leaking fluid 

(Hasz 2012; Taher et al. 2012). Disc material may be displaced beyond the limits of the intervertebral 

disc as either diffuse (bulging) or focal herniation (Rumboldt 2006; Hasz 2012). These can occur 

anteriorly or posteriorly depending on where the weaker areas of the annulus fibrosus are (Rumboldt 

2006, Hasz 2012). An example of spinal MR images from Samartzis et al. (2015) can be seen in Figure 
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3.4. These images demonstrate the differences between healthy well hydrated intervertebral discs 

and unhealthy dehydrated discs with loss of disc height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pain is also thought to be an important part of the diagnosis of DDD. In normal discs the nerve fibres 

are located solely in the annulus fibrosus, pain can therefore occur when the nucleus pulposus 

herniates outwards into the annulus (Samartzis et al. 2015). In severely degenerated discs nerves can 

penetrate the nucleus pulposus (Samartzis et al. 2015; Fields et al. 2014). The greatest known risk 

factor for severe back pain is radial fissure stretching from the nucleus pulposus to the annulus 

fibrosus (Adams 2004, Fields et al. 2014). When the nucleus herniates outwards pain sensitisation can 

occur, affecting the nerve roots in addition to the annulus, and lead to pain and sciatica (Benoist 2003, 

Adams 2004, Gallucci et al. 2005). However, chemical sensitisation is required to irritate the nerves 

and generate pain and not just cause paraesthesia from nerve root compression by the bulging or 

herniated disc (Benoist 2003, Zhang et al. 2013). There are mixed reports when it comes to the link 

between disc degeneration and pain, some individuals may have a degenerated disc but no symptoms 

Figure 3.4. Sagittal T2-weighted MR images of the lumbar spine. The left image shows normally 
hydrated healthy discs of high signal intensity in an asymptomatic patient. The right image is that of 
an individual with low back pain and clearly shows decreased disc height, loss of signal intensity, 
disc displacement, end plate abnormalities and a loss of lumbar lordosis (Samartzis et al. 2015). 
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(Teraguchi et al. 2015). This may be due to the differences between discs which have degenerated 

naturally due to ageing, as compared to those discs who have degenerated due to damage (Benoist 

2003). 

The exact levels of DDD cannot be recorded in an archaeological context as, generally, only skeletal 

material is found and therefore only bony changes can be recorded. The operational definition of DDD 

according to Waldron (2009) requires the presence of pitting on the inferior and superior surfaces of 

the vertebral bodies in addition to marginal osteophytes. Such changes are also used in clinical studies 

as part of diagnosing disc disease. These changes may be termed intervertebral osteochondrosis, to 

indicate they are lesions related to the degeneration of the vertebral endplate and the nucleus 

pulposus and differentiate them from spondylosis deformans/VO (Rumboldt 2006, Popolizio and Izzo 

2019). Although there is literature which conflates disc degeneration with intervertebral 

osteochondrosis, and it has been found that terminology within clinical literature regarding endplate 

changes is highly variable (Rumboldt 2006, Popolizio and Izzo 2019, Lawan et al. 2020).  Changes 

associated with degenerative joint disease of the vertebral body in skeletal remains can be seen in 

Figure 3.5. These images represent the grading system from Rojas-Sepulveda et al. (2008) and show 

the progression of degeneration of the vertebral body.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5. Images of degeneration of the vertebral body relating to degeneration of the intervertebral disc. Row 
one shows progressive stages of osteophytic growth. Row two shows progressive alteration of the joint contour. 
Row three shows progressive worsening of pitting on the vertebral endplate (Rojas-Sepulveda et al. 2008). 
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3.3.2.3 Scoring methods of DDD in clinical literature 

 

In clinical literature the joints between vertebrae have been described as a “three-joint complex” 

comprised of two zygapophyseal facet joints and the intervertebral disc joint (Gellhorn et al. 2013). 

The degeneration of these joints is linked, with degeneration in one area affecting the stability of the 

whole joint complex and leading to degeneration elsewhere (Gellhorn et al. 2013). The relationship of 

degeneration between the different joints has been explored within the literature. For example, 

research has shown that changes in the facet joints may precede the degeneration of the vertebral 

rim and intervertebral disc (Eubanks et al. 2007, Parizel et al. 2016, Bashkuev et al. 2020). Although 

this is not the case in all studies (Fujiwara et al. 1999). Research has also suggested that the initiator 

of disc degeneration within the spine might be changes within the endplates of the vertebrae (Rade 

et al. 2018). There are also studies which link the degeneration of the vertebrae and intervertebral 

discs to mechanical loading, and a “vicious cycle” of degeneration which then occurs where the 

damaged disc can no longer cope with mechanical loads leading to abnormal distribution and further 

degeneration (Vergroesen et al. 2015, Wang et al. 2016, Is et al. 2019). Studies into mechanical loading 

also provide some evidence to suggest that disc degeneration and back pain are linked to occupation 

(Williams and Sambrook 2011, Is et al. 2019). Is et al. (2019) explored cervical disc degeneration and 

found increased levels of disc bulging, extrusion, and sequestration in construction workers than any 

other profession. Disc protrusion was found to be more prominent in health care workers. Such 

findings are complementary to results of earlier studies such as Luoma et al. (1998) who found those 

in occupations such as carpenters and heavy machine drivers were more at risk of developing lumbar 

disc degeneration. Clinically ratified links between biomechanics, occupation, and DDD are important 

to understand for palaeopathologists who use the degeneration of the spinal joints to explore the 

lifestyles of past populations.  

Understanding levels of disc degeneration in past populations is incredibly difficult and relies on the 

analysis of bony changes related to the vertebral rim and endplate (Rogers and Waldron 1995, 

Waldron 2009). Changes to the margin of the vertebral body are often referred to as VO and recorded 

alongside facet joint degeneration. The analysis of VO in past populations may not be able to be 

compared to modern clinical populations. This is due to the methods currently implemented in clinical 

settings, which do not necessarily focus on bony alterations, for example in methods which use MRI 

to explore disc degeneration focus on readily visible soft tissue changes (Yu et al. 2012, Sax 2020). 

There are, however, methods utilised in clinical settings which use radiographs to assess disc 

degeneration, and these may be more comparable to palaeopathological work (Kasai et al. 2009, Hasz 

2012). One limitation of any future comparative work is that the term “vertebral osteophytosis” 
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appears to be one used mainly by palaeopathologists to describe the bony outgrowths on the 

vertebral bodies. The term most found in clinical and patient literature, referring to changes at the 

margins of the vertebral body due to disc degeneration (specifically that of the annulus fibrosus) is 

degenerative spondylosis or spondylosis deformans (Popolizio and Izzo 2019). As a condition, 

degenerative spondylosis is only really of interest clinically when it negatively affects the patient e.g., 

through nerve impingement. It is not something that is usually explored extensively in the clinical 

literature, unlike in palaeopathological methods where recording osteophytic growth on the vertebral 

bodies is part of currently cited recording protocols (Sager 1969, Buikstra and Ubelaker 1994, Rogers 

and Waldron 1995, Roberts and Connell 2004).  Further to this, there is some confusion within clinical 

literature about the nomenclature of osteophytes which may hinder the use of such literature within 

palaeopathology (Larner et al. 2021). 

In the clinical literature, there are numerous methods which have been used to score the severity of 

disc degeneration within the spine. Kettler and Wilke (2006) reviewed grading methods for cervical 

and lumbar disc and facet joint degeneration, in this study 22 methods for assessing lumbar disc 

degeneration and 10 for cervical disc degeneration were found. For cervical disc degeneration, only 

one radiographic method met the required inter observer reliability, which was Kellgren et al. (1963). 

For lumbar disc degeneration, only one radiographic (Lane et al. 1993) and one MRI method 

(Pfirrmann et al. 2001) were found to reach acceptable levels of inter observer agreement. The lumbar 

Pfirrmann system (2001), with Kappa values ranging from K=0.74-0.81 between 3 observers, is a 

method very commonly used within clinical and medical work. As a method, it has been described as 

“comprehensive” and “easily applicable with sufficient reproducibility” (Rim 2016). The Pfirrmann 

system uses different signal intensities exhibited by healthy and degenerating discs on MRI, alongside 

the disc structure, disc height and distinction between the nucleus pulposus and annulus fibrosus. The 

grading system proposed by Pfirrmann et al. (2001) can be seen in Table 3.5 and examples of discs at 

each stage of degeneration can be seen in Figure 3.6.  
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Table 3.5. Classification of disc degeneration from Pfirrmann et al. (2001). 

Grade Structure Distinction of 
nucleus pulposus 
and annulus fibrosus 

Signal intensity Height of the 
intervertebral disc 

I Homogeneous, 
bright white 

Clear Hyperintense, 
isointense to 
cerebrospinal fluid 

Normal 

II Inhomogeneous, 
with or without 
horizontal grey 
bands 

Clear Hyperintense, 
isointense to 
cerebrospinal fluid 

Normal 

III Inhomogeneous, 
grey 

Unclear Intermediate Normal to slightly 
decreased 

IV Inhomogeneous, 
grey to black 

Lost Intermediate to 
hypointense 

Normal to 
moderately 
decreased 

V Inhomogeneous, 
black 

Lost Hypointense Collapsed disc space 

 

 

 

 

 

 

 

 

 

 

 

 

 

In 2007, an altered version of the Pfirrmann grading system was proposed by Griffith et al., who 

criticised the original system for not being able to differentiate the severity of disc degeneration in 

Figure 3.6. Images showing different stages of disc degeneration according the Pfirrmann method. A. Grade I, homogenous 
disc structure with hyperintense white signal and normal disc height. B. Grade II, inhomogeneous disc with hyperintense 
white signal. Clear distinction between the nucleus pulposus and annulus fibrosus, normal disc height. This disc shows a 
horizontal grey band. C. Grade III, inhomogeneous disc structure, intermediate grey intensity. The distinction of the layers of 
the disc are unclear. At this grade disc height may be normal or slightly decreased. D. Grade IV, inhomogeneous disc 
structure, hypointense dark grey signal intensity. All distinction between annulus fibrosus and nucleus pulposus is lost. The 
disc height may range from normal to moderately decreased. E. Grade V, inhomogeneous disc structure, black hypointense 
signal, no distinction in disc anatomy and collapsed disc space (Pfirrmann et al. 2001). 
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older patients. Griffith et al. (2007) created a modified 8 grade system using slightly altered criterion 

for grading. This system can be seen in Table 3.6. In Griffith’s et al. (2007) system, grades 1-3 are based 

on the signal intensity of the nucleus pulposus and inner fibres of the annulus fibrosus. At stage 4 in 

this system, discs lose the definition between the margins of the inner and outer fibres of the annulus 

fibrosus at the posterior margins of the disc, and at grade 5 the disc finally shows as hypointense on 

MRI. The later stages of degeneration according to this system are then differentiated through the 

loss of disc height, which loosely correlates to a range of mild to severe height loss. A drawback to the 

use of the system proposed by Griffith et al. (2007) is that the inter observer error is greater than that 

of the original Pfirrmann method, with a weighted Kappa range of K=0.65-0.67 between the three 

observers. This would, however, meet the required minimum required reliability level as set by Kettler 

and Wilke (2006).  

Table 3.6. The modified Pfirrmann system proposed by Griffith et al (2007) 

Grade Signal from nucleus pulposus 
and inner fibres of the 

annulus fibrosus 

Distinction between inner and 
outer fibres of annulus fibrosus 

and posterior aspect of the 
disc 

Height of disc 

1 Uniformly hyperintense, 
equal to CSF 

Distinct Normal 

2 Hyperintense (>presacral fat 
and <CSF) +/- hypointense 
intranuclear cleft 

3 Hyperintense through 
<presacral fat 

4 Mildly hyperintense (slightly > 
outer fibres of annulus 
fibrosus) 

Indistinct 

5 Hypointense (= outer fibres of 
annulus fibrosus) 

6 Hypointense <30% reduction in disc 
height 

7 30-60% reduction in 
disc height 

8 >60% reduction in disc 
height 

 

The sole radiographic method that was found to meet the required reliability method by Kettler and 

Wilke (2006) was that of Lane et al. (1993). This method utilised 3 criteria to assess disc degeneration; 

joint narrowing, osteophyte growth and sclerosis, all added together to form a summary grade. The 

method had ICC of 0.95 for narrowing, 0.92 for osteophytes and 0.93 for the overall summary grades. 

The Kappa value for sclerosis was 0.55, and so was not recommended for recording this criterion in 

disc degeneration (Kettler and Wilke 2006). The three criteria used to assess DDD within radiographic 
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methods are the same as those of Lane et al. (1993). Radiographic methods focus on bony changes 

within the intervertebral joint, as this imaging modality lends itself to the visualisation of bone rather 

than soft tissue. This means radiographic methods of assessing disc degeneration are potentially the 

most comparable to palaeopathological methods which use two of the three clinical criteria 

(osteophytes and endplate changes). Further to their review of grading methods, Wilke et al. (2006) 

proposed a novel method for assessing lumbar disc degeneration radiographically. In this method, 

each of the three criteria are scored individually, on a scale of 0-3, before being added to give an 

overall score. The method provides a scale to which overall scores can then be compared, with 0 points 

indicating a joint exhibiting no signs of disc degeneration, 1-3 points indicating mild degeneration, 4-

6 points indicating moderate degeneration and 7-9 points meaning severe degeneration. Table 3.7 

shows the criteria used in this method for grading lumbar disc degeneration. The same research group 

also proposed a method for scoring disc degeneration in cervical vertebrae, with slightly altered 

scoring for osteophyte formation and diffuse sclerosis (Kettler et al. 2006). For brevity only the lumbar 

method is discussed in detail, although the overarching principles on how to measure the required 

criteria and how to calculate the overall disc degeneration grade are the same.  

Table 3.7. Method for grading lumbar disc degeneration proposed by Wilke et al. (2006). Table has been adapted for clarity. 

Criteria Height loss Osteophyte 
formation 

Diffuse sclerosis Overall degree of 
degeneration 

Description Anterior and 
posterior height loss 
with respect to the 
individual height 
before degeneration 

Sum of points of 
eight edges: 
No osteophytes = 0 
points 
<3mm = 1 point 
≥3mm but <6mm = 2 
points 
≥6mm = 3 points 

Sum of points of 
both adjacent 
vertebral bodies: 
No sclerosis = 0 
points 
0.25 partially or 
completely affected 
= 1 point 
0.5 partially or 
completely affected 
= 2 points 
>0.5 partially or 
completely affected 
= 3 points 

Sum of the grades of 
the 3 criteria 

Grade 0 0% 0 points 0 points 0 points, no 
degeneration 

1 <33% 1-8 points 1-2 points 1-3 points, mild 
degeneration 

2 ≥33% but <66% 9-16 points 3-4 points 4-6 points, moderate 
degeneration 

3 ≥66% 17-24 points 5-6 points 7-9 points, severe 
degeneration 
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To measure the joint height loss, this method compares the recorded radiographic disc height to 

estimated values based on normal disc height values from reported in the literature. Further to this 

the margins of the vertebral bodies around the disc are assessed for osteophytes and sclerosis. 

Osteophytes are measured at 8 points; two anterior, two posterior, two left lateral and two right 

lateral points. These can be seen in Figure 3.7 (Wilke et al. 2006). The number of osteophytes is 

counted, and they are measured along their long axis beginning at the border of the vertebral body 

up to the tip of the outgrowth. Diffuse sclerosis is assessed in this method through lateral radiographs. 

The vertebral bodies are divided into 4 regions each and the presence or absence in each region is 

noted. An example of how to measure sclerosis can be seen in Figure 3.8 (Wilke et al. 2006). In this 

figure three regions out of four on both the upper and lower vertebrae show signs of diffuse sclerosis, 

giving each body a score of 3. The joint structure therefore has an overall score of 6 points and a grade 

of 3 for severity of sclerosis. The inter observer agreement for each of the criteria for measuring 

lumbar disc degeneration was substantial, with weighted Kappa values ranging from K=0.681-0.798. 

The agreement for the calculation of the overall disc grade was K=0.787. The inter observer agreement 

for the cervical disc degeneration method was more variable; height loss had an agreement of 

K=0.827, osteophyte formation K=0.559, diffuse sclerosis K=0.310. The weighted Kappa agreement for 

calculating the overall cervical disc degeneration was K=0.688.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7. Radiographs showing the anterior (e1, e2), posterior (e3, e4), right lateral (e5, e6) and left 
lateral (e7, e8) points for scoring osteophytes on adjacent vertebral bodies according to the method by 
Wilke et al (2006). Osteophytes are counted and measured from the margin of the vertebral body to 
the tip of the osteophyte (white lines on e1, e2, e5, e6, e7 and e8) (Wilke et al. 2006). 



77 
 

 

 

 

 

 

Radiographic methods assessing disc degeneration rely on the correlation of joint narrowing, 

osteophyte growth and sclerosis to the degeneration of the disc. Pye et al. (2007) used radiographs to 

assess the correlation between the three criteria used to assess disc degeneration. This study found 

increasing severity of osteophytes was strongly correlated with increasing severity of endplate 

sclerosis and joint space narrowing, with the strongest association between osteophytes and sclerosis. 

This study, however, did not assess the correlation between these factors and severity of disc 

degeneration measured through other imaging modalities. The methods proposed by Wilke et al. 

(2006) and Kettler et al. (2006) for grading lumbar and cervical disc degeneration were also compared 

to the “actual” level of degeneration of the disc as measured by macroscopic anatomical assessment. 

Both studies found moderate to substantial agreement between disc degeneration measured through 

radiographic means and macroscopic assessment, with  agreement of K=0.714 for the lumbar method 

and cervical K=0.599 for the cervical method (Kettler and Wilke 2006, Wilke et al. 2006). In both 

methods, scoring for height loss and osteophyte formation showed greater levels of agreement than 

scoring for diffuse sclerosis. Due to the potential variability in agreement of the three criteria it was 

recommended that the individual scores for each criterion are published in research, as well as the 

overall disc grades (Kettler and Wilke 2006, Wilke et al. 2006). Further to this, in the comparison 

between radiographic and macroscopic scores it was found that discrepancies between methods 

came from radiographic grades tending to be lower (Kettler et al. 2006, Wilke et al. 2006). This would 

suggest that there is scope for macroscopic and radiographic studies to be compared in the future, 

however it is important to note there may be systematic differences in scoring methods which would 

bias results. Differences may lie in the fact that radiographs do not pick up the full extent of bone 

changes (osteophytes etc.) that are visible in skeletal specimens. This could potentially lead to data 

suggesting past populations had higher levels of disc degeneration or VO, simply based on clinical 

methods under-scoring the severity of disc degeneration in modern individuals.  

Not all research, however, has found a link between osteophyte development and disc degeneration. 

In a study of the lumbar spine in elderly Japanese women it was found that osteophyte area and disc 

area were not correlated (Oishi et al. 2003). These measures were used as a parameter of osteophyte 

Figure 3.8. Radiograph showing the areas in which diffuse sclerosis is graded according to the method by 
Wilke et al (2006). The lower part of the upper vertebrae and the upper part of the lower vertebrae are 
divided into 4 regions and scored. These scores are added to then give a total sclerosis score and sclerosis 
severity grade for the joint. In this image 3 of the 4 regions in both vertebrae show signs of sclerosis (Wilke 
et al. 2006). 
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growth and disc degeneration. It was found that both factors were correlated with bone mineral 

density, but not with each other. The study also showed that while the degeneration of discs increased 

from L1-L5, the levels of osteophytosis at each lumbar level remained consistent (Oishi et al. 2003). 

While this study is limited due to its small (n=126), and purely female, sample drawn from a back-pain 

clinic, it would indicate that the development of osteophytes may not necessarily be related to disc 

degeneration and could be unrelated phenomena. This would have implications for clinical work using 

radiography and bony changes to assess severity of disc degeneration. Likewise, it may suggest that 

the combination VO and endplate changes described in palaeopathological literature as being 

indicative of disc degeneration may not be valid. 

While using VO as one of the criteria to assess presence of disc degeneration in past populations may 

not be possible, such bony changes may still be of use in assessing the degree of movement in the 

spines of past populations. There have been cadaveric studies which look at the relationship of disc 

degeneration and spinal mobility. Tanaka et al. (2001) found that the kinematic properties of cadaveric 

spines were related to levels of disc degeneration. This study used Thompson et al’s (1990) 

macroscopic disc degeneration grading system. This method assesses changes in the nucleus 

pulposus, annulus fibrosus, endplate and vertebral body, with later stages being categorised by bony 

changes such as endplate irregularity, sclerosis and the growth of osteophytes greater than 2mm in 

length (Thompson et al. 1990). Tanaka et al. (2001) found disc degeneration of III/IV led to greater 

mobility, where grade V, and the presence of osteophytes, led to stabilisation and limiting of 

movement (Tanaka et al. 2001). This could potentially be of use when investigating disability and care 

within past populations as it may contribute to the clinical basis for drawing conclusions about and 

possible limitations to movement individuals could have had.  

 

 

3.3.3 Spondylosis 
 

Spondylosis is the development of osteophytes on the vertebral body, most commonly secondary to 

DDD (Baron and Young 2007, Shedid and Benzel 2007). There is, however, a mixture of terminology 

surrounding the condition of spondylosis. Within the palaeopathological and archaeological literature 

spondylosis has also been called VO (Jurmain 1990, Maat et al. 1995, Hukuda et al. 2000, Merbs 2001, 

Merwe et al. 2006, Hussien et al. 2009, Novak and Šlaus 2011, Calce et al. 2017). This simple term 

reflects the fact that the condition is the growth of osteophytes on the vertebral body. An example of 

osteophytosis can be seen in Figure 3.9 from Littleton (1999). 
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Most confusingly, the term spondylosis is used interchangeably with OA in patient information 

websites and some medical research  (Eidelson 2018, WebMD 2018, Virginia Spine Institute 2019, 

Rubin 2021). This is somewhat understandable as some have argued changes in the facet joints also 

primarily occur after DDD, which is similar to spondylosis (Lipson and Muir 1980, Butler et al. 1990, 

Fujiwara et al. 1999, Kalichman and Hunter 2007). Due to the closeness of the disorders, in the 

palaeopathological literature spondylosis and changes on the vertebral body are often recorded and 

researched alongside OA and apophyseal facet joint changes (Sager 1969, Merbs 1983, Jurmain 1990, 

Maat et al. 1995, Knüsel et al. 1997, Derevenski 2000, Hukuda et al. 2000, Rojas-Sepúlveda et al. 2008, 

Hussien et al. 2009, Navitainuck et al. 2013). However, arthritides, and specifically OA, are a set of 

disorders which affect the diarthroidal synovial joints of the body. In contrast the osteophytes that 

are formed in spondylosis are specifically linked to degeneration of the vertebral disc, which is an 

amphiarthroidal joint lacking a synovial membrane (Shedid et al. 2007). There is a clear difference in 

the disease processes between the two disorders. 

 

3.3.3.1 Aetiology of spondylosis 

 

Development of osteophytes on the margins of the vertebral body can be considered to be an adaptive 

response (Adams 2009, Zukowski et al. 2012, Bailey et al. 2014, Kushchayev et al. 2018). This is 

because their development aims to stabilise the motion segment of adjacent vertebrae (Adams 2009, 

Figure 3.9. Severe osteophytic growth in the lumbar vertebrae 
(L1-L5). Osteophytes are seen projecting from the anterior 
margins of the vertebral bodies (Littleton 1999) 
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Zukowski et al. 2012, Bailey et al. 2014). When the vertebral discs degenerate, they lose height, bulging 

outwards in a similar manner to a “flat tire” (Adams 2009). The loss of height in the vertebral discs 

causes laxity in the annulus fibrosus of the disc and leads to segmental instability (Adams 2009; 

Kushchayev et al. 2018). Osteophytes help restrict the bending of the motion segment and therefore 

restore some stability (Adams 2009, Zukowski et al. 2012, Bailey et al. 2014). However, the marginal 

osteophytes that grow do not resist compression and so the disc will continue to be compressed and 

degenerate (Adams 2009; Kushchayev et al. 2018). Osteophytes in spondylosis tend to grow on the 

anterolateral margins of the vertebral body, but they can grow anywhere on the effected joint margin 

(Gallucci et al. 2005). When the growth of osteophytes occurs in the more posterolateral aspect of the 

vertebral margin, it can begin to impinge on the spinal nerves and spinal cord (Adams 2009; 

Kushchayev et al. 2018). The combination of bony outgrowths and bulging disc can lead to spinal 

stenosis and neurogenic claudication (Adams 2009; Kushchayev et al. 2018).  

 

3.3.3.2 Diagnosis of spondylosis in clinical and bioarchaeological settings 

 

The focus of research into spondylosis are in the areas of the cervical and lumbar regions, particularly 

pertaining to stenosis and back pain. The development of osteophytes on the vertebral bodies are 

closely linked to the development of facet OA and degenerative disc disease (Baron and Young 2007). 

It is generally accepted that spondylosis is a primarily age-related condition, being seen in 10% of 

individuals by the age of 25 years and in 95% of those aged 65 years and over (Shedid and Benzel 

2007). Most individuals who have spondylosis are asymptomatic and will remain so, generally 

speaking those who present with symptoms are over 40 years old and will have symptoms that relate 

to the compression of the neural structures (Shedid and Benzel 2007). This means in clinical settings 

individuals can present with pain, radiculopathy, and myelopathy. The presentation of such symptoms 

will vary depending on the spinal nerve root level that is affected. In cervical spondylosis, the arms 

and upper back may experience pain, numbness and muscle weakness. In lumbar spondylosis, the legs 

and pelvis may be affected with muscle weakness potentially causing urinary issues (Sharr et al. 1976, 

Gibson and Waddell 2005, Baron and Young 2007, Binder 2007, Eubanks 2010, Yarbrough et al. 2012). 

Much like the diagnosis of OA and DDD imaging techniques such as radiography, CT, and MRI are often 

utilised (Baron and Young 2007, Shedid and Benzel 2007). CT is most useful for evaluation of the bone 

in comparison to MRI (Shedid and Benzel 2007). It has been argued that post-myelography CT scans 

are the most useful for the identification of bone spurs and osteophytes and distinguishing them from 

cartilage precursors or disc extrusions (Fox and Onofrio 1994, Shedid and Benzel 2007). Myelography 
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is a real time radiographic technique in which contrast material is injected into the spinal canal. This 

material assists in the visualisation and assessment of the spinal cord, nerve roots and meninges 

(Radiological Society of North America 2019). As CT is better for analysis of soft tissues, when it is 

combined with the use of contrast material the image produced will show better definition of any 

abnormalities present (Shedid and Benzel 2007; Radiological Society of North America 2019). Different 

imaging modalities are often used in concert to confirm findings (Larsson et al. 1989). However, 

radiological findings may not always correlate to an individual’s symptoms and so it may be necessary 

to perform additional testing such as nerve conduction studies (Ferguson and Caplan 1985, Shedid 

and Benzel 2007). Comparison of radiographic and CT findings from one 38-year-old female patient 

can be seen in Figure 3.10.  

 

 

 

 

 

 

 

 

 

 

 

 

In bioarchaeological settings, spondylosis may be recorded as VO (as in Jurmain 1990) or as 

osteophytes on the margin of the joint (as in Buikstra and Ubelaker 1994 and Rojas-Sepulveda 2008). 

Such methods differ as Jurmain (1990) focuses on the growth of osteophytes alone, whilst the other 

methods use osteophytic growth as an indicator of joint and disc degeneration alongside other 

characteristics such as porosity and joint contour. It has been recommended that bioarchaeology 

studies record osteophyte growth separately alongside other degenerative changes, with proper 

description of the outgrowths to facilitate differential diagnosis between bone forming joint disorders 

Figure 3.10. A 38-year-old female patient with bilateral radiculopathy, more pronounced on the right side. Images A and B are radiographic 
myelographs, while images C and D are post myelograph CT scans. At the level of C5-6 there is severe narrowing of the spinal canal with 
bilateral nerve root sheath deformity and slight compression of the spinal cord. This narrowing is caused the presence of osteophytes. At 
the level of C6-7 there is moderate narrowing with right sided nerve root sheath deformity. This narrowing is attributed to disc herniation 
due to the absence of osteophytes (Larson et al. 1989) 
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(Roberts 2018). The variety of methods used to record osteophytic growth on the vertebrae in relation 

to DDD and OA and the outputs of such methods are more fully elucidated in Chapter 4.   

 

3.3.4 Schmorl’s nodes 
 

During degeneration of the disc, there are more specific pathological lesions that can develop with 

the vertebral endplate beyond general irregularity and sclerosis. For example, defects such as 

Schmorl’s nodes (SNS). These defects are described as “intraosseous herniations of the intervertebral 

disc” and are fairly consistently defined and reported in the clinical literature (Lee 2010, Lawan et al. 

2020).  

 

3.3.4.1 Aetiology of SNS 

 

Like all the spinal pathologies discussed the aetiology of SNS is complicated with no consensus on the 

exact cause. Formation of the lesions has been linked to many factors such as age, sex, genetics, body 

mass, smoking and vertebral morphology (Williams et al. 2007, Dar et al. 2010, Burke 2012, Abbas et 

al. 2018, Plomp et al. 2019, Ogon et al. 2020). They are thought to occur due to changes in the 

intradiscal pressure which arise from degeneration. Changes in pressure in turn alter the way in which 

stresses are distributed by the disc. Altered stress distribution creates concentrations of forces which 

can then result in endplate fracturing and herniations of the disc into the vertebral body (Vergroesen 

et al. 2015). This is disputed in the literature, with some research finding no significant relationship 

between disc degeneration and SNS formation, suggesting it is more to do with pathology of the 

endplate itself rather than the disc (Sadiq 2019). Examples of SNS can be seen in Figures 3.11 and 3.12. 

These images illustrate how such lesions are viewed in human skeletal material in contrast to MRI in 

a clinical setting.  
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Lesions such as SNS have been reported in different studies as being present in between one third and 

three quarters of the population (Gallucci et al. 2005, Rumboldt 2006). This variation in prevalence 

may be due to classification criteria and the minimum size of the defect in order to be considered a 

node (Dar et al. 2010). SNS have been thought to be of no clinical significance (Rumboldt 2006). 

Although research would suggest that at least some SNS are of traumatic aetiology, with one study 

finding the formation of the majority of nodes was linked to episodes of sudden and significant 

localised back pain (Wagner et al. 2000). Also, it is thought that pathologies which lead to defects in 

the endplate cartilage and bone enhance communication between inflammatory molecules produced 

by the annulus fibrosus and the vertebral bone marrow (Fields et al. 2014, Zehra et al. 2017). This 

combined with fracturing in the trabecular bone of the vertebral body can lead to pain associated with 

the defect (Mattei and Rehman 2014). A study by Wang et al (2012) found that larger endplate defects 

are more associated with occasional and frequent back pain than smaller lesions. This study also found 

that larger endplate lesions were strongly associated with more severe disc degeneration and that 

SNS specifically were linked to “heavy occupations”, although they do not state what constitutes such 

jobs (Wang et al. 2012).  

The presence of such nodes may be indicative of disc degeneration, but they are not definitive. In 

research by Zehra et al (2017) cadaveric motion segments were used to test the association between 

endplate defects and disc degeneration. This study found that larger or multiple end plate defects 

were more strongly associated with disc degeneration than were more focal areas of damage (Zehra 

et al. 2017). This study has implications for the assessment of the vertebral endplate in human 

remains, as it may be possible to deduce potential disc degeneration from the size of the defects 

observed (Zehra et al. 2017). However, further research would need to be done to corroborate these 

results and further investigate the causes and relationships of SNS. 

Figure 3.11. A centrally located Schmorl’s 
node on a third lumbar vertebrae (Plomp 
2017). 

Figure 3.12. Multiple Schmorl’s , indicated by black arrows, as 
seen in a sagittal T2-weighted MRI (Lee 2010). 
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3.3.4.2 Diagnosis of SNS in clinical and bioarchaeological settings 

 

In clinical settings, SNS are diagnosed through the use of different imaging modalities, predominantly 

MRI (Mattei and Rehman 2014, Pandita et al. 2017, Sax 2020). Patients may present to their Doctor 

with back pain (Takahashi et al. 1995, Pandita et al. 2017). However, SNS may not be related explicitly 

to back pain, often being found in asymptomatic patients and identified incidentally on spinal imaging 

(Kyere et al. 2012, Abu-Ghanem et al. 2013). Some studies have found that while SNS alone are not 

necessarily linked to back pain, when found in conjunction with changes relating to disc degeneration 

individuals were more likely to suffer from back pain (Teraguchi et al. 2015, Ogon et al. 2020). 

Takahashi et al (1995) found that the use of MRI may help to distinguish between painful and non-

painful nodes. In this study the use of T2 weighted MRI images was able to more readily show 

inflammatory changes in the vertebral body and oedema within the vertebral bone marrow (Takahashi 

et al. 1995). These findings were not seen in individuals with asymptomatic nodes. It has also been 

suggested that lesions which are more central are more closely linked to pain, due to a greater 

innervation in this area of the vertebral body, and that these lesions are more likely to be linked to 

disability due to the intensity of the pain (Faccia and Williams 2008). 

Lesions such as SNS are frequently recorded in palaeopathological research (Kelley 1982, Lovell 1994, 

Stirland and Waldron 1997, Šlaus et al. 2004, Üstündağ 2009, Khudaverdyan 2012, Eng 2014, Gresky 

et al. 2016, Martin et al. 2017, Karstens et al. 2018, Suby 2020). The prevalence of these lesions within 

past populations varies as much as in modern populations, with frequencies from 4-62.9% (Plomp 

2017). These defects are “readily recognised” in skeletal remains as impressions on the surfaces of the 

vertebral body, frequently surrounded by a sclerotic margin (Waldron 2009). In bioarchaeology, the 

presence of SNS can be seen as a factor which implies individuals partook in strenuous physical activity 

or suffered a traumatic event (Lovell 1997, Lovell and Dublenko 1999, Khudaverdyan 2012, Buckberry 

et al. 2014, Eng 2014, Meyer and Steyn 2016, Tilley and Schrenk 2017, Zhang et al. 2017, Karstens et 

al. 2018). They have also been considered as a lesion which may infer back pain within past individuals 

and populations (Faccia and Williams 2008, Plomp 2017, Tilley and Schrenk 2017). However, from the 

clinical research published it is likely that when considering SNS in a bioarchaeological context, 

researchers should include position of the defect on the endplate, size of the defect, and presence of 

lesions associated with degenerative disc disease if they wish to discuss potential back pain associated 

with these lesions. 

 

3.3.4.3 Scoring of SNS 
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While most clinical studies identify SNS based on presence or absence, there has been some work 

which aimed to classify the type and size of endplate defects. Samartzis et al. (2016) created a detailed 

method for recording system for the analysis of the morphology and topography of SNS. This can be 

seen in Table 3.8. The study used MRI images of L1-L5 vertebral endplates from 2449 individuals (981 

males, 1468 females) who were part of the Hong Kong Disc Degeneration Cohort. In this method six 

descriptors are used to classify the defect, and this was then used to test the association between 

defect type and disc degeneration. The study found their classification system had excellent intra-

observer rates (mean K=0.88) and good inter observer reliability (mean K=0.79). When analysing the 

scans, nodes were most prevalent at L1 and L2 disc levels, round in shape, involving one third of the 

end plate and predominantly in the middle zone of the vertebra (Samartzis et al. 2016). Types of nodes 

were then grouped into “typical” (sharp to round in shape, <1/3 of the endplate, middle to anterior 

location, no marrow change) and “atypical” (rectangular or irregular, >1/3, middle to posterior or 

multiple locations, with marrow change). The atypical SNS were less prevalent in the population, 

comprising 8.3% (n=80) of all those with nodes (n=960). Further analysis did show, however, that 

atypical nodes were more associated with severe disc degeneration than typical nodes (Samartzis et 

al. 2016).  

Table 3.8.The six zones of classification from Samartzis et al. (2016). EP = endplate, SN = Schmorl’s node. 

 

Research by Brayda-Bruno et al. (2018) took a more generalised approach, looking instead to classify 

the overall morphology of the endplate, not just Schmorl’s nodes. The endplates of 996 patients (492 

Domain Subclass Description 

Lumbar level L1-L5 The presence of SN in specific lumbar level 
EP Involvement Rostral  

Caudal 
Both 

Presence of SN only in rostral EP of specific lumbar disc level 
Presence of SN only in caudal EP of specific lumbar disc level 
Presence of SN in both rostral and caudal EP of specific lumbar disc level 

Shape 
 
 
 

Indented 
Round 
Sharp 
Rectangular 
Irregular 

Not pronounced SN with small indentation of EP noted 
General smooth round shape margin of SN 
Sharp and pointy margin of SN 
Rectangular shape SN with clear cut corners 
SN showing double or more shapes 

Size One-third EP (<1/3) 
Two-third EP (<2/3) 
Whole EP (>2/3) 

SN with size not more than one-third of EP 
SN with size larger than one-third but not more than two-third of EP 
SN with size larger than two-third of EP zone 

Location of EP 
zone 

Anterior 
Anterior-Middle 
Middle 
Middle-Posterior 
Posterior 
All 3 zones 

SN located within the anterior one-third of EP zone 
SN located in both (overlaps) the anterior and middle one-third EP zone 
SN located within the middle one-third of EP zone 
SN located in both (overlaps) the middle and posterior one-third EP zone 
SN located within the posterior one-third of EP zone 
SN overlaps anterior, middle, and posterior zone 

Marrow Change 
 

Yes 
No 

Presence of marrow change around the margin of SN 
No marrow changes around the margin of SN 
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males, 504 females) seeking care for lower back pain at an Italian health clinic were defined as 

“normal”, “wavy/irregular”, “notched”, “Schmorl’s node” and “fracture”. These classifications are 

illustrated in Figure 3.13. The study found male subjects were significantly more likely to have 

endplate lesions, and that the most common lesions were “notched” and “Schmorl’s node” (Brayda-

Bruno et al. 2018). Like the study by Samartzis et al. (2016), the study explored the relationship 

between defects and DDD, and found lesions were significantly associated with the presence of 

degeneration. The study also had excellent intra (K=0.89) and inter (K=0.73) observer error (Brayda-

Bruno et al. 2018). Unfortunately, neither study assessed the correlation of defects and degeneration 

with reported levels of pain, but they do go some way to link degeneration with end plate defects such 

as SNS. 

 

 

 

 

In palaeopathological literature grading systems have also been used to grade the severity in skeletal 

remains. The standards by Buikstra and Ubelaker (1994) include a system of grades for Schmorl’s 

nodes, with defects described as “barely discernible”, “moderate” and “marked expressions”. 

However, the method does not provide clear definitions for these grades. Knüsel et al. (1997) created 

a system which categorises nodes by size. Grade 0 represented an endplate with no lesions, grade 1 

was lesion less than 2mm deep and covering less than half the anteroposterior length of the vertebral 

body and grade 2 was a lesion in excess of these values (Knüsel et al. 1997). This method has been 

used in research by Üstündağ (2009) and Plomp et al. (2012, 2015). The grades of SNS according to 

Knüsel et al. (1997) are evidenced in Figure 3.14 from Plomp et al. (2012).  

 

 

 

 

 

 

 

 

Figure 3.13. Criteria for grading endplate defects (Brayda-Bruno et al. 2018). 

Figure 3.14. Images of Schmorl's nodes graded by the criteria from Knüsel et al (1997). Left: 
stage 1 node on T12. Right: Stage 2 Schmorl's node on T12 (Plomp et al. 2012). 
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Similarities between grading systems in clinical and bioarchaeological literature would suggest this is 

an area of potential future collaboration between disciplines. Methods by Samartzis et al. (2016) and 

Knüsel et al. (1997) both rely on assessing lesions for size, and while Smartzis et al.(2016) propose 

more criteria for classification there may be potential for comparisons to be made within studies using 

these methods.  

 

3.3.5 Spondylolysis 
 

Spondylolysis is a cleft in the neural arch of the vertebrae at the pars interarticularis. It mainly occurs 

in the lumbar region, most commonly in the L5 vertebrae followed by L4 (Standaert and Herring 2000, 

Leone et al. 2011, Foreman et al. 2013). It can be bilateral or unilateral, if the cleft is bilateral it results 

in the separation of the arch from the body of the vertebra which may in turn lead to the anterior 

slippage of the vertebral body, spondylolisthesis (Standaert and Herring 2000; Foreman et al. 2013). 

An example of bilateral spondylolysis can be seen in Figure 3.15. In life the gap between the arch and 

the body is bridged by the “spondylolysis ligament”, a small piece of flexible connective tissue which 

anchors the bones together and may play a role in the pain associated with the defect (Eisenstein et 

al. 1994, Merbs 1996). In skeletal remains however the ligament is not present, and the pieces of the 

vertebra are separated. Spondylolysis has traditionally been thought of as congenital and those with 

spina bifida occulta have a predisposition for (Mays 2006, Foreman et al. 2013). However, in modern 

clinical literature spondylolysis is generally accepted to occur because of mechanical stress and activity 

(Fibiger and Knüsel 2005). 

 

 

3.3.5.1 Aetiology of spondylolysis 

 

There are five different types of spondylolysis that were first classified by Wiltse et al. (1976): 

1. Dyplastic – Caused by congenital dysplasia of the sacrum or arch of the L5 vertebra. This means 

the vertebra cannot withstand normal forces and may slip slightly. The pars interarticularis 

may remain intact, but usually separates. 

2. Isthmic – Divided into two subtypes. In subtype A (Lytic) the primary cause is always fatigue 

fracture. In Subtype B (elongation without separation) repeated fatigue fractures have healed 

in an elongated position as the body of L5 has slid forward. Isthmic spondylolysis is hard to tell 

apart from the dyplastic type. However, it is the most common form of spondylolysis in 

younger individuals. 

Figure 3.15. Posterosuperior view of a bony specimen showing bilateral defects of the pars interarticularis, indicated by 
arrows (Foreman et al. 2013). 
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3. Degenerative – due to long standing intersegmental instability. Occurs alongside remodelling 

of the articular processes at the level of involvement. This is the most common type in 

individuals over 50 years.  

4. Traumatic – This is when spondylolysis has occurred secondary to an acute injury and can 

fracture any part of the neural arch, not just the pars interarticularis. 

5. Pathological – this is spondylolysis as a result of local or generalised bone disease which has 

weakened the bone making it prone to fracture.  

Wiltse et al. (1976) suggested that isthmic spondylolysis should be considered a fatigue fracture as it 

is caused by repetitive load rather than acute trauma. It was acknowledged, however, that a single 

traumatic event may result in the completion of a fracture that had already been developing because 

of repeated loading on the vertebrae. Conversely, Kirkaldy-Wallis and Farfan (1982) hypothesised that 

an acute traumatic event could lead to the initial microfracture that is then worsened by repeated and 

progressive fracturing from repeated loading. What is common throughout both hypothesise is the 

importance of increased and repeated loading. Research by Cyron and Hutton (1978) looked at the 

cyclic loading of cadaveric spines. They found that 55 of the 74 vertebrae to which forces were applied 

fractured and confirming the vulnerability of the pars interarticularis to repetitive loading. While it is 

generally accepted that it is increased forces and repetitive loading that causes spondylolysis, there is 

little agreement as to what types of movement may be associated with the defect. Indeed, multiple 

movements such as flexion-extension, torsion, combined extension, and rotation, as well as alternate 

loading of the right and left facet joints have all been implicated. It could be that spondylolysis is a 

product of sustained strenuous activity and loading of the lumbar spine rather than any specific type 

of movement or activity.  

Spondylolysis is very common in athletes and especially in adolescent athletes. It has been researched 

in a number of athletes, including swimmers and American football players (McCarroll et al. 1986, 

Congeni et al. 1997, Nyska et al. 2000, Soler and Caldero 2000, Rossi and Dragoni 2001). It is thought 

that the increased stress put on the spine by elite athletes through the course of their careers puts 

them at an increased risk of developing spondylolysis. Specifically, symptomatic spondylolysis, causing 

a great deal of pain to the individual. The fact that athletes across multiple disciplines can also suffer 

from the defect would also suggest that the causation of spondylolysis has more to do with loading 

than it does with specific movements.  

 

3.3.5.2 Diagnosis of spondylolysis in clinical and archaeological settings 

 

There are very few studies into the clinical presentation of spondylolysis and the findings of physical 

examinations, as many individuals develop the defect without symptoms presenting, meaning it is 
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often found incidentally (Standaert and Herring 2000). Symptomatic spondylolysis, however, has been 

described as a complaint of focal lower back pain with some radiation of the pain to the gluteal region 

or proximal lower limb (Standaert and Herring 2000, Leone et al. 2011). The pain presented can be 

after an acute injury or mild symptoms with an acute worsening after a specific event  (Standaert and 

Herring 2000, Leone et al. 2011). Often during a physical exam, a patient will present with 

hyperlordotic posture and tight hamstrings  (Standaert and Herring 2000, Leone et al. 2011). Pain can 

be reproduced in a patient through hyperextension of the spine, particularly through standing on one 

leg  (Standaert and Herring 2000, Leone et al. 2011). Further to a physical examination the defect can 

also be identified through different imaging techniques. Most of the research and literature pertaining 

to spondylolysis uses plain radiography, however, there has been a move to start using CT and MRI 

(Standaert and Herring 2000). In radiographs spondylolysis is seen as a lucency around the pars 

interarticularis. This has been described as looking like a collar or broken neck on a Scottish Terrier 

(“Scotty dog” sign), as can be seen in Figure 3.16. Early-stage defects tend to be narrower and have 

slightly irregular edges (Leone et al. 2011). In contrast more longstanding defects have smoother and 

more rounded edges relating the healing of the fracture without fusion (Leone et al. 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.16. A) Lateral oblique radiograph showing the early stage of a pars fracture, B) lateral oblique radiograph 
showing a progressive pars fracture, C) lateral oblique radiograph showing a terminal stage pars fracture, D) a line 
drawing of image A showing the “Scotty Dog” with disruption to the neck. Adapted from Standaert and Herring 
(2000), red lines have been added to indicate the edges of the separated bone fragments in images A-C. 
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There is, however, issues with the use of radiographs for imaging spondylolysis. As a method it is 

limited by the orientation at which the image is taken, especially in cases where the defect is quite 

narrow. The standard view used is the lateral oblique radiograph (as seen in Figure 3.16), but images 

may also be taken from the anterior/posterior and left and right 45° oblique and collimated lateral 

views. Research by Amato et al. (1984) found that the most fractures of the pars were detected when 

using the collimated lateral view. In contrast to this, CT can provide detailed multiplanar images. 

Images can be viewed in the axial plane which provides views of both pars and is therefore better than 

radiographs at diagnosing bilateral fractures (Leone et al. 2011). To diagnose spondylolysis, clinician’s 

look for the incomplete ring sign at the level of the pedicle and lamina  (Langston and Gavant 1985). 

CT is also good for identifying the associated features of spondylolysis such as disc herniation, facet 

joint changes and spondylolisthesis (Harvey et al. 1998). CT can also provide an indication on whether 

the defect is likely to heal or not based on callus formation. If the fracture shows signs of callus 

formation this indicates there is a possibility for the fracture to heal completely (Harvey et al. 1998). 

However, if the defect is wide and shows well-corticated margins that indicates an established non-

union which will not heal (Harvey et al. 1998). CT imagery can also be of great importance for “pre-

lysis” analysis as scans can detect the beginning changes in the pars interarticularis (Hu et al. 2008).  

In an archaeological context spondylolysis can be diagnosed by simply observing the vertebrae to see 

if they have the defect at the pars interarticularis. The ideal scenario of such a diagnosis would see 

that both the vertebral body and the disconnected lamina were present so that both fragments could 

be observed (Waldron 2009). This will not always be the case however, as the detached lamina may 

not always be present and so the diagnosis of the spondylolysis may have to be made in its absence 

(Waldron 2009). It would be of great interest to examine vertebrae fragments to see if the different 

stages of spondylolysis that are differentiated on CT scans and radiographs could be seen on skeletal 

remains. The description seen in different imaging modalities of the defect going from showing an 

irregular margin or signs of callus to having smooth margins with a wide gap between bone sections  

represents the transition from a fresh fracture to a chronic non-union (Harvey et al. 1998, Leone et al. 

2011). It may be possible to see this in skeletal remains based on the fracture margins, much like 

estimating the timing of fractures in other areas of the body. In addition, the pars interarticularis of 

the vertebrae, particularly in the lumbar region, should be assessed for signs of damage. Such damage, 

which has not progressed to a full fracture, is not readily seen in clinical radiography (Leone et al. 

2011). But it may be possible to see signs of microfractures and elongation at the pars which could 

indicate the early stages of development of spondylolysis. 
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3.3.6 Spondylolisthesis 
 

Spondylolisthesis is the anterior slippage of the vertebral body, this is most prevalent in the lumbar 

spinal level, but can also occur in the cervical vertebrae and more rarely the thoracic vertebrae (Tenny 

and Gillis 2018). The slippage is most common at the L5-S1 level followed by L4-L5 (Merbs 1996, 

Foreman et al. 2013, Tenny and Gillis 2018). Due the potential for the slipped disc to cause obstruction 

during childbirth it was a recognised and recorded condition before spondylolysis (Merbs 1996). As a 

condition it is more likely to be episodic than gradual. Much like spondylolysis, there are multiple types 

of spondylolisthesis, each with different causes (Wiltse et al. 1976, Merbs 1996, Tenny and Gillis 2018): 

1. Degenerative – occurs because of degenerative changes within the spine such as facet joint 

and disc degeneration which causes instability and then to anterior slippage. This type occurs 

without defects to the pars interarticularis. 

2. Isthmic – results from defects at the pars interarticularis, i.e., spondylolysis. Causes of this 

type of spondylolisthesis are related to what the primary cause of the defect to the pars. 

3. Traumatic – occurs after fractures of the pars interarticularis or the facet joints, this is usually 

an acute traumatic event.  

4. Dyplastic – congenital, secondary to variation in the orientation of the facet joints. The joints 

are more sagittally oriented than in normal individuals. 

5. Pathologic – because of bone or connective tissue disorders, or as a result of infections.  

When the vertebrae are articulating the inferior articular processes act as small hooks which keep the 

vertebra in place and stop it from moving (Merbs 1996). If the articulation becomes separated, such 

as in spondylolysis, then the vertebrae can move and slip anteriorly. Of those suffering from bilateral 

spondylolysis as many as 70% will develop spondylolisthesis as a result (Foreman et al. 2013). The 

vertebra can also slip when intact, in cases of osteoarthritis, remodelling of zygapophyseal 

articulations and subluxation or disarticulation of the zygapophyseal facets (Herkowitz and Kurz 1991, 

Merbs 1996, Kushchayev et al. 2018). While degenerative spondylolisthesis can occur without 

spondylolysis the slippage is generally less than when the vertebra is intact (Merbs 1996). There are 

different classifications of spondylolisthesis based on the degree of slippage of the affected vertebrae 

relative to the adjacent level. The most commonly used system is Meyerding (1931). This is a 5 stage 

system, stage I is 1-25% slippage, with each stage adding an additional 25% per slippage up to 100% 

(stage IV) (Meyerding 1931, Lasanianos et al. 2015). Over 100% is stage V spondylolisthesis, also 

known as spondyloptosis (Lasanianos et al. 2015). The differences in each of these stages can be seen 

in Figure 3.17. 
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Figure 3.17. The different grades of spondylolisthesis slippage according to the Meyerding system (Kushchayev et al. 2018). 

 

Individuals suffering from spondylolisthesis often complain of intermittent and localised pain in the 

area of the slippage (i.e. lumbar or cervical) (Merbs 1996, Hu et al. 2008, Foreman et al. 2013). The 

pain is worsened by flexing and extending the affected spinal area (Foreman et al. 2013). In addition 

to mechanic pain from motion of the spine, pain can also be radicular from the compression of the 

nerves exiting the spinal canal (Merbs 1996, Foreman et al. 2013). Other symptoms that are 

specifically associated with lumbar spondylolisthesis include gluteal pain and numbness, weakness in 

one or both of the legs and difficulty walking (Hu et al. 2008, Foreman et al. 2013). In some rare cases, 

there may be loss of bladder or bowel control (Foreman et al. 2013). Following on from verbal and 

physical assessments of the patient, imaging of the affected area can be used to diagnose the degree 

of slippage. In addition to the Meyerding system, slippage can also be classified in terms of stable 

(<50%) and unstable (>50%) (Hu et al. 2008, Foreman et al. 2013). Lateral radiographs are key to the 

identification of the level of slippage in spondylolisthesis (Hu et al. 2008). While CT is more important 

for spondylolysis as it can identify pre-lysis changes, it is not as key in the identification of 

spondylolisthesis (Hu et al. 2008). However, MRI is indicated for those with high grade vertebral 

slippage or those with nerve compression (Hu et al. 2008).  

Unlike spondylolysis, spondylolisthesis is incredibly hard to determine within skeletal remains. It has 

been argued that in an archaeological context a researcher cannot tell whether there has been 

slippage of one of the vertebral bodies unless the body which has moved has become sloped due to 

the pressures acting upon or if the slipped body has fused to another (Waldron 2009). Such an instance 

has been reported in an individual with diffuse idiopathic skeletal hyperostosis (Manchester 1982). 

However, research by Mays (2006) explored rates of spondylolisthesis in relation to spondylolysis and 

sacral morphology in 360 medieval adult skeletons from Wharram Percy, England. In this research, 

following the identification of defects to the pars interarticularis, slippage of the vertebrae was 

identified by the presence of marginal osteophytes on the body of the affected vertebra and that of 

the vertebra directly below (Mays 2006). Additionally, the study used the presence of a convex 

(domed) sacral table, which has been associated with slippage and is thought to be a secondary change 

due to altered mechanical forces in the spine (Mays 2006). Using these criteria, five of the 25 

individuals with defects showed osteological evidence of spondylolisthesis. This would suggest that 

with careful observation, identification of slippage in skeletal material is possible. 
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3.3.7 Diffuse idiopathic skeletal hyperostosis 
 

3.3.7.1 Aetiology and pathophysiology of DISH 

 

Also known as Forestier’s disease, diffuse idiopathic skeletal hyperostosis (DISH) is the result of the 

diffuse ossification and calcification of the ligaments and entheses in the spinal column. The condition 

primarily affects older individuals over the age of 50 years and is more predominant in males than 

females. It also more common in diabetics than the general population (Wojcik and Szulc 2018). The 

lesions are most often found in the thoracic region of the spine, followed by the lumbar and cervical 

spine. As it progresses the disorder leads to the gradual fusion of the vertebrae causing rigidity of the 

spine and immobilisation. The main change in the spine during the development of DISH is the 

ossification of the anterior longitudinal ligament. Other ligaments and the joint capsules also ossify; 

however, the posterior longitudinal ligament is not usually affected (El Miedany et al. 2000, Mader et 

al. 2017). At its worst DISH takes on the appearance of melted candle wax flowing across the anterior 

surface of the vertebrae, an example of this can be seen in Figure 3.18 (Rogers et al. 1985, Sarzi-Puttini 

and Atzeni 2004, Waldron 2009). As DISH is a proliferative bone disorder it can be sometimes confused 

with ankylosing spondylitis (Olivieri et al. 2009, Saleem and Hawass 2014, Mader et al. 2017). Methods 

of differentiation between the two disorders involve differences in clinical presentation and radiologic 

assessment. This will be discussed further in the section pertaining ankylosing spondylitis so that the 

presentation of both disorders has been explored before they are compared. 

The aetiology and pathogenesis of DISH are not thoroughly understood (El Miedany et al. 2000, Sarzi-

Puttini and Atzeni 2004, Denko and Malemud 2006, Mader and Lavi 2009, Mader et al. 2017). There 

are certain risk factors that have been identified as potentially increasing an individual’s likelihood of 

developing DISH and there has been some research linking it to the development of other conditions. 

Risk factors for DISH include age, sex and obesity (Kiss et al. 2002, Denko and Malemud 2006, Mader 

et al. 2017, Wojcik and Szulc 2018). DISH has been found to have strong links to a range of metabolic 

derangements such as diabetes mellitus, hyperlipidaemia and metabolic syndrome, as well as 

cardiovascular disease and arterial hypertension (El Miedany et al. 2000, Sarzi-Puttini and Atzeni 2004, 

Denko and Malemud 2006, Mader et al. 2009, 2017). Many of the ideas about the development of 

DISH have been borrowed from analogous disorders, such as the ossification of the posterior 

longitudinal ligament (Mader et al. 2017). The main ideas surrounding the 

development of DISH are that it arises as a result of an excess of growth 

factors, including insulin and insulin like growth factors, and a reduction in 

Figure 3.18. A section of 
thoracolumbar spine showing the 
dripping candlewax and fusion typical 
of DISH (Rogers, Watt, and Dieppe 
1985). 
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the activity of inhibitory factors, like matrix Gla protein and bone morphogenic proteins (El Miedany 

et al. 2000, Denko and Malemud 2006, Mader and Lavi 2009, Mader et al. 2017). Given that the 

increase of such factors is largely systemic, it has been posited that the localisation of DISH in the 

thoracic vertebrae may be linked to the vertebral vasculature and hypervascularity (El Miedany et al. 

2000). It is hypothesised that there is a predisposition in individuals with metabolic conditions to 

develop atherosclerosis, which damages the endothelium leading to aggregation of platelets and 

platelet derived growth factors (El Miedany et al. 2000). In addition, angiogenesis stimulating activity 

has been reported in patients with OA and ankylosing spondylitits (El Miedany et al. 2000). This 

suggests that further investigation of the vasculature in patients with DISH may help elucidate the 

onset, progression, and localisation of the condition.  

 

3.3.7.2 Diagnosis of DISH in clinical and bioarchaeological settings 

 

DISH is diagnosed clinically using physical assessments, imaging, and discussion of a patient’s 

symptoms. Individuals often present with spinal rigidity, limited motion and pain, especially in the 

upper part of the body (Wojcik and Szulc 2018).  However, as there have been very few controlled 

studies into the clinical manifestations of DISH, apart from stiffness of the spine it is not known is pain 

and swelling are always present (Mader et al. 2017). In rare instances large bony outgrowths in the 

anterior cervical vertebrae may affect the oesophagus causing pain and difficulty swallowing (Utsinger 

1985, Mader 2002). DISH can be observed in radiographs, as well as CT and MRI scans, which all 

evidence flowing ossifications running down (predominantly) the right side of the anterior vertebral 

bodies. The florid changes in the spine which are now associated with DISH were first recorded by 

Forestier and Rotes-Querol (1950). This description of spinal changes was then extended by Resnick 

et al. (1975) to include extra-spinal bone proliferation in the pelvis, feet, knees, and elbow. This led to 

the creation of diagnostic criteria by Resnick and Niwayama (1976) which is still the most accepted 

criteria for DISH in a clinical setting (Mader et al. 2017, Kushchayev et al. 2018). This method for the 

diagnosis of DISH is also utilised in a palaeopathological setting (Verlaan et al. 2007, Waldron 2009, 

Merwe et al. 2012). The diagnostic of DISH Resnick and Niwayama (1976)  is based on “strict” 

radiographic criteria which require: 

• the presence of flowing ossification along the anterolateral aspect of at least 4 contiguous 

vertebral bodies (with or without associated localized pointed excrescences at the intervening 

vertebral body/disc junctions) 
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• a relative preservation of disc height in the involved areas and the absence of radiographic 

changes for degenerative disc disease (e.g., vacuum phenomenon and marginal sclerosis of 

the vertebral body) : 

Radiographs are the current preferred imaging modality for the diagnosis of DISH in clinical settings. 

However, CT scans may be a more appropriate method of diagnosis due to the 3D visualisation they 

allow for and due to the sensitivity to structural changes they exhibit (Mader et al. 2017). Images can 

then be assessed following the relevant classification criteria, most often that of Resnick and 

Niwayama (1976). The only downside to using this as a diagnostic tool is that these criteria mean that 

DISH can only be diagnosed in the later stages of its development when intervention to stop 

progression is of little use (Mader et al. 2017). Therefore, other methods of diagnosis may be used 

which are less stringent, however, new diagnostic criteria which will help diagnose DISH in its earlier 

stages are needed (Arlet and Mazières 1985, Utsinger 1985, Mader et al. 2017). This may potentially 

use MRI or ultrasonography as some recent studies have found that there may be some local 

inflammatory processes which precede the ossification of the spinous ligaments (Mader et al. 2015, 

Arad et al. 2017). Scoring of early DISH is discussed in section 3.3.7.3. 

Despite having discussed the extra-spinal involvement in DISH, the method created by Resnick and 

Niwayama (1976) does not take these criteria into account. In addition, according to this method cases 

where the required ossifications are present with signs of disc degeneration a diagnosis of possible 

DISH may be made, or if only three vertebrae show flowing ossifications a diagnosis of possible DISH 

or early DISH may be appropriate (Merwe et al. 2012; Waldron 2009). An alternative method for DISH 

diagnosis that is less stringent was proposed by Arlet and Maziéres (1985). While the original paper 

for this research could not be read directly, the method was referenced in work by Van der Merwe et 

al. (2012). In this paper the method by Arlet and Maziéres (1985) is described as having similar 

requirements as Resnick and Niwayama (1976) in terms of joint erosion and ankylosis but differs in 

the number of vertebrae that need to be affected to diagnose DISH. The Arlet and Maziéres (1985) 

method requires only three vertebrae to show signs of ossification, which must be in the lower 

thoracic region and present with preserved intervertebral disc spaces. Possible DISH could be 

diagnosed if there were only 2 vertebrae showing signs of ossification or where signs of degenerative 

disc disease accompanied the rest of the relevant signs of DISH.  

DISH is diagnosed in an archaeological setting using much the same criteria as in a clinical setting, 

without the discussion of symptoms with the patient. DISH presents in skeletal remains much the 

same as it does in different imaging modalities and is similar in both modern and archaeological 

skeleton, hence it has been described previously as an “ancient disease” (Rogers et al. 1985, Rogers 
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and Waldron 2001). Spinal degenerative joint disorders are often researched for their connection with 

the lifestyles of different populations. DISH is no exception and is often researched due to its potential 

relationship with the diets of different individuals. As DISH has been linked in clinical literature to 

diabetes and obesity, it is thought that finding DISH in skeletal populations may imply that group of 

individuals had a rich diet. This is a conclusion that is often reached in studies examining medieval 

monastic communities (Rogers and Waldron 2001, Verlaan et al. 2007, Quintelier et al. 2014). A 

comparison of the levels of DISH within populations is also of interest as a diet of high caloric intake 

may then be indicative of the social status of that individual (Bombak 2012). 

A further method for use by palaeopathologists was posed in 2001 by Rogers and Waldron. Much like 

the method by Arlet and Maziéres (1985), this method only requires the presence of ossification in 3 

vertebrae, with or without ankylosis (Rogers and Waldron 2001). In addition to this criterion the 

diagnosis also requires that changes are confined to the right-hand side of the thoracic vertebrae and 

evidence of calcification and/or ossification in some extra-spinal ligaments and entheses (Rogers and 

Waldron 2001). This method does not consider the intervertebral disc space as it was designed for use 

on skeletal remains. However, it was said that while not diagnostic, factors such as disc space and lack 

of apophyseal facet involvement may be confirmatory (Rogers and Waldron 2001). The method 

proposed by Rogers and Waldron (2001) is slightly less stringent than the operational definition of 

DISH proposed by Waldron (2009) which required the fusion of four contiguous vertebrae confined to 

the right side of the vertebral bodies, as well as the presence of extra-spinal changes.  

The differences in what can and cannot be diagnosed as DISH according to the various methods 

described can be illustrated using the 3D reconstructed CT presented in Figure 3.19 from Van der 

Merwe et al. (2012). Using the method of Resnick and Niwayama (1976) this spine would not be 

diagnosed with DISH as there are signs of degenerative disc disease. In contrast, using the criteria of 

Arlet and Maziéres (1985) there is possible DISH, as the relevant criteria are all present alongside 

degenerative disc disease. However, if only the lower thoracic vertebrae were taken into 

consideration (the area in which Arlet and Maziéres (1985) require DISH related changes to present) 

then this is a definite case of DISH. Diagnosis of DISH using the methods by Rogers and Waldron (2001) 

and Waldron (2009) would depend on the presence of extra-spinal changes, but the spinal changes 

that are present in Figure 3.19 would fit in with the requirements in both methods for a positive 

diagnosis of DISH. Indeed, the study by Merwe et al. (2012) found that the diagnosis of DISH in skeletal 

material varied greatly depending on the diagnostic criteria used. Of a total of 253 individuals 

observed, using the Resnick method 14 were diagnosed with definite DISH as 

opposed to 43 when using the Rogers and Waldron method (Merwe et al. 

2012). This suggests the need for a consistency in the methodologies applied 

Figure 3.19. 3D reconstructed 
CT of the spine of an 80 year 
old female (Van der Merwe et 
al. 2012) 
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to recording and diagnosing DISH. As it is the most used methodology in a clinical context it is 

recommended research continues using the guidelines laid out by Resnick and Niwayama (1976). This 

method has been applied previously in a palaeopathological context (Verlaan et al. 2007). This is of 

great importance to note as it highlights an area of where clinical literature has already been 

incorporated into palaeopathology and a potential area for collaboration between the disciplines.  

More studies in different archaeological populations would then potentially allow for the direct 

comparison of such historical populations and more modern clinical populations. 

 

3.3.7.3 Scoring methods for DISH in clinical literature 

 

The diagnosis and identification of diffuse idiopathic skeletal hyperostosis (DISH) in clinical and 

palaeopathological settings is not “scored” in terms of severity in the same way as other joint 

conditions can be. Disorders such as OA are degenerative illnesses with a reasonably well-known 

progression which can be identified in stages. It is known within the clinical and palaeopathological 

literature that the disease progress of DISH is relatively unknown and thus implementing scoring 

systems which grade disease progress and severity is somewhat difficult. There have been some 

attempts to create something similar to a three-stage scoring system for DISH (Kuperus et al. 2017). 

In these methods, DISH can be identified in living patients or skeletal remains as present, absent, or 

present as early DISH. In the descriptions provided by Waldron (2009) for palaeopathological research 

this is referred to as eDISH.  

The diagnosis of true DISH in an individual, whether living or deceased, often relies on the fusion of 

contiguous vertebrae by flowing osteophytes which resemble candlewax dripping down the spine. The 

number of vertebrae that must be involved for a diagnosis of DISH to be made varies, but is usually 3 

or 4 (Castells Navarro and Buckberry 2020). When using a definition which requires the involvement 

of three vertebrae to diagnose DISH this is usually described as involvement of “contiguous” vertebrae 

which has resulted in a minimum of two bony bridges (Kuperus et al. 2017). In many methods, the 

preservation of the disc height is also seen as a key characteristic of DISH (Resnick and Niwayama 

1976, Arlet and Mazières 1985, Utsinger 1985, Rogers and Waldron 1995, Ortner 2003). It has been 

questioned however, as disc degeneration may be a feature of ageing that occurs alongside the 

progression of DISH and its presence should not be a factor for excluding DISH as a possible diagnosis 

(Oudkerk et al. 2017). Another feature of DISH which is commonly looked for is extra spinal 

ossifications of ligaments, such as the insertions of quadratus femoris and the calcaneal tendon on the 

patella and calcaneus respectively (Resnick et al. 1975, Merwe et al. 2012, Clavaguera et al. 2019) 

These excrescences are seen to be a feature of DISH that can help confirm identification or diagnosis. 
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Their presence alone without the requisite vertebral changes is not significant to indicate the presence 

of DISH, nor is their absence enough to dismiss a diagnosis of DISH if there is “characteristic” fusion in 

the spine (Kuperus et al. 2017, Castells Navarro and Buckberry 2020).  

In a recent study the inter observer error of Resnisk and Niwayama (1976) was tested. Oudkerk et al. 

(2017) used the method to assess the presence or absence of DISH in 600 CT scans. There were five 

observers of different skill level in evaluating CT and with different clinical backgrounds who took part 

in the study: two junior residents, one senior resident, an orthopaedic surgeon, and a chest radiologist. 

The 600 CT scans came from male participants of the Dutch Belgian Lung Cancer Screening Trial. These 

600 participants were randomly divided into to two groups. The first set of 300 CT scans were analysed 

independently by the 5 observers, the results of the inter observer testing found Kappa values ranging 

from K=0.32-0.74, with 7 out of the 10 values below 0.61. Following this initial phase of observation, 

the reviewers met for a consensus meeting where 10 cases that had proved difficult to grade were 

discussed and issues with the Resnick and Niwayama (1976) method were raised. These issues 

included what constituted four contiguous vertebrae (four intervertebral levels or three?), what 

constitutes a flowing bridging ossification, if presence of disc degeneration should be an exclusion 

criteria and what settings should be used to observe the CT images. On the basis of the consensus 

meeting the criteria were refined with four clarifications (Oudkerk et al. 2017): 

• DISH is established when at least four contiguous vertebrae, or alternatively, three contiguous 

disc levels are bridged 

• Window width and level require fixed settings to prevent misdiagnosis which may arise from 

changes to the density of the longitudinal images. Viewing was limited to a single viewing pane 

to limit observer variation. This was chosen to be the sagittal plane to optimally assess DISH. 

• The angle formed by an osteophyte in relation to the vertebral body should be greater than 

90 to differentiate a flowing osteophyte from a bridging degenerative osteophyte. 

• All agreed flowing osteophytes are a hallmark of DISH and it was suggested to put less weight 

on disc changes as an exclusion criterion. This meant in cases of mild to moderate disc changes 

DISH could be established, however, in cases of severe disc degeneration a diagnosis of DISH 

should not be established.  

After the consensus meeting the five observers analysed the remaining 300 CT images and the K values 

between observers were calculated. This found an increase in agreement with scores ranging from 

0.51 to 0.86 with only 3 of the 10 values below 0.61 (Oudkerk et al. 2017). This means there was a 

large improvement following the consensus meeting. This study is important as it highlights a need to 
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create standardised definitions were readily used terms to assess DISH, such as what constitutes a 

contiguous vertebrae and flowing ossifications. It also shows, in clinical settings, there is a need to 

create a standardised method for viewing scans, as changing the density settings can lead to false 

positives and false negatives by over emphasising or obscuring anatomical variations (Oudkerk et al. 

2017). While this point may not apply to work on skeletal remains, the necessity of having a standard 

set of terms to help identify DISH would not just facilitate comparisons between archaeological studies 

but could also help potential comparisons between clinical and archaeological work.  

Full spine CT scanning has been used to explore the prevalence of DISH in research, specifically in 

Japanese populations. Nishimura et al. (2018) explored the prevalence of DISH in 234 patients, 177 

males and 57 females with an average age of 65.3 years (33-93 years), who had been diagnosed with 

cervical ossification of the posterior longitudinal ligament (OPLL). This has been previously linked to 

development of DISH (Nishimura et al. 2018). In this study, cervical OPLL fusion was graded using the 

ossification of OPLL index (OP index). This classifies patients according to the number of OPLL lesions 

at both the vertebral and intervertebral levels as follows; ≤ 5 levels of fusion = grade 1, 6-9 levels = 

grade 2 or ≥ 10 levels = grade 3 (Nishimura et al. 2018). The study found that 48.7% of those with 

cervical OPLL had DISH. All those with DISH were then analysed, using cluster analysis, to see where 

in the spine DISH primarily occurred. The most common site for DISH was T3-10 but was also found in 

clusters in 5 other areas: C2-5, C3-T1, C6-T5, T8-L2 and T12-S1. It was found that DISH more commonly 

occurred in the mid-thoracic regions of younger individuals and progressed into the cervical and 

lumbar spine with age. The study also used these areas to grade the severity of DISH. Grade 0 

indication no DISH in any of the six regions, progressing to grade 6 in which DISH was found in all six 

regions. An image of the different grades can be seen in Figure 3.20, while Figure 3.21 shows the 

cluster analysis of the regions of DISH. It shows how areas of DISH stretch from the mid thoracic region.  
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Nishimura et al. (2018) provides a novel way of grading DISH severity which may be of use in 

palaeopathology to explore the severity of DISH in past populations. Severity and involvement of the 

spine is relevant when discussing DISH as larger regions of fusion are potentially related to greater 

levels of disability, fracture, and increased instability in those areas of fracture. Fractures are more 

likely with increased severity of the condition as areas of ankylosis concentrate the stress of even 

minor trauma, lowering the stress threshold for fracture (Westerveld et al. 2009). What could also be 

of use from the study by Nishimura et al (2018) is the link between cervical OPLL fusion and DISH. It 

could be that future work looking into possible cases of DISH makes note of any ossification or fusion 

of the cervical OPLL, as this could potentially be a characteristic aiding in the differential diagnosis of 

DISH. The study by Nishimura et al. (2018) is limited due to being a cross sectional study, but this is a 

limiting factor in many studies exploring DISH as there is a lack of longitudinal studies exploring the 

development of DISH. 

Figure 3.20. Representative sagittal CT images for DISH grades 1, 3 and 5. There were no 
grade 6 individuals in the study. (Nishimura et al. 2018). 

Figure 3.21. Heat map of the prevalence of DISH in each region by grade. This shows DISH primarily occurs in the 
mid thoracic region in early DISH before progressing superiorly and inferiorly along the spine. There were no grade 
6 patients (Nishimura et al. 2018). 
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Currently, DISH can only be diagnosed or identified as potentially present (pre or early DISH) and  

present or absent (Waldron 2009, Castells Navarro and Buckberry 2020). This is limiting for those who 

intend to study the condition in both clinical and archaeological settings and occurs due to the paucity 

of longitudinal studies looking into development of DISH over time and the lack understanding of the 

early stages of DISH. Palaeopathological research has suggested pre-DISH can be diagnosed from the 

presence of thin flowing outgrowths, however the appearance of these lesions is variable (Castells 

Navarro and Buckberry 2020). This is acknowledged in the clinical literature and studies have been 

carried out attempting to create methods to identify DISH earlier and track the progress of the disease, 

these methods can be seen in Table 3.9. Such methods would allow for more longitudinal studies on 

DISH development to take place and potentially open new therapies to patients in the beginning 

stages of the condition. Likewise, these methods may also be of use to palaeopathologists who, like 

clinicians, are limited in their ability to identify DISH until the late stages of the disease.  
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Table 3.9. Methods developed to grade the development of DISH with consecutive phases. Adapted from Kuperus et al (2017). VB = vertebral body cVB = consecutive vertebral body 

Study DISH Criteria Phase/Score 

Early 1 2 3 

Forestier and 
Lagier (1971) 

- - Thickening of anterior side of VB; 
shadow or well defined pre-discal 
nucleus 

More accentuated thickening 
of VB with spur formation 

Fusion of pre-discal nucleus 
and spur 

Julkunen et al 
(1981) 
 

- - 

Littlejohn and 
Hall (1982) 
 

Resnick and Niwayama (1976) - 3 cVB 4 cVB - 

Fornasier et al 
(1983) 
 

- - Entheseal new bone; ≥2 VB non-
continuous 

Entheseal new bone ≥ 2 cVB Entheseal new bone, 
confluent completely fused 
with sub-adjacent VB ≥2 cVB 

Bloom (1984) 
 
 

Resnick and Niwayama (1976) - 4 or 5 cVB; width of calcification 
≤5mm 

> 4 or <10 cVB involved Involvement of ≥ 9 cVB 

Utsinger (1985) 
 
 

- - Symmetrical peripheral 
enthesopathy; 
heel/patella/olecranon 

≥ 2 cVB anterolateral 
thoracolumbar spine 

≥4 cVB anterolateral 
thoracolumbar spine 

Haller et al (1989) 
 

Resnick and Niwayama (1976) - 4 cVB (mild ≥ 5 cVB (moderate/severe) - 

Beyeler et al 
(1990) 
 

Resnick and Niwayama (1976) Prevertebral/Prediscal 
ossification ≤2 VB or 2 cVB 

> 3 cVB flowing ossification ≥ 4 cVB - 

Crubezy and 
Crubezy-Ibanez 
(1993) 

Resnick and Niwayama (1976), 
Arlet and Mazieres (1985), 
Utsinger (1985) 

- Symmetrical peripheral 
enthesopathy; 
heel/patella/olecranon 

≥ 2 cVB anterolateral spine ≥ 3 cVB in lower thoracic 
spine, ≥ 4 cVB at any level in 
the spine 

Paja et al (2010) Resnick and 
Niwayama (1976),  

< 4 cVB or ≥4 VB not 
contiguous 

≥ 4 cVB - - 

Holton et al 
(2011) 
 

Resnick and Niwayama (1976), 
Mata (1998) 

0-2 or 3-6 VB levels affected 4-7 cVB > 7 cVB - 
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What can be seen from Table 3.9 is that there is no clear consensus on the development of DISH or 

what constitutes the earliest that DISH may be identified. Additionally, some of the criteria for 

identification of DISH in its early stages are like those used in methods of diagnosing joint conditions. 

For example, the formation of bone spurs and non-contiguous ossifications on the vertebral bodies. 

This could lead to difficulties in applying the standards to archaeological settings, as lesions could be 

confused with outgrowths from conditions like VO. This might mean that there needs to be a re-

evaluation of differential diagnostic criteria within palaeopathology with regards to criteria associated 

with joint diseases in the spine. 

A limitation of these clinical methods is how the information for them was gathered. It is clear that 

more longitudinal spine studies need to be conducted to fully explore the onset of spinal joint 

diseases, especially DISH (Katzman et al. 2017, Kuperus et al. 2017, Kuperus et al. 2018, Kuperus et al. 

2019). In this way clinicians can observe the onset and development of DISH over time more 

completely than through retrospective studies (Katzman et al. 2017, Kuperus et al. 2017). Longitudinal 

studies can potentially provide more detailed information about individuals who suffer from DISH, 

which could also elucidate the factors which contribute to onset and how patients manage with pain 

and disability associated with the condition (Katzman al. 2017, Kuperus et al. 2017). This information 

would be of use to palaeopathologists as it could potentially shed light on how the disease progressed 

in past populations and have implications for our understanding of disability and care in historic 

societies. Further to clinical studies being of use in palaeopathology, it is possible studies in past 

populations could provide insights useful to clinicians. Nishimura et al. (2018) stated “understanding 

the comprehensive paraspinal ossifications requires us to focus not only on the symptomatic levels 

but on the distribution of ossified areas in the whole spine” (P464). This quote sums up the approach 

of palaeopathology in the study of DISH. Due to the nature of examining skeletal remains and the 

inherent lack of ability to discuss symptoms and conduct testing, palaeopathologists must focus on 

whole spine presentation of disease in a way that most clinical studies do not. Indeed, the use of full 

spine CT to study DISH, as was done by Nishimura et al. (2018), is the exception, not the rule.  
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3.4 Inflammatory conditions 
 

Chronic inflammatory diseases are often associated with widespread bone loss (Hardy et al. 2009). 

This is due to a complex array of interrelated mechanisms which increase bone resorption and 

decrease bone formation. Conditions may affect one or other of these remodelling pathways but 

commonly affect both (Hardy and Cooper 2009). The relationship between inflammatory disease and 

bone disease has been found in a variety of clinical and animal studies (Gough 1994, Schoon 2000, 

Hardy and Cooper 2009). Such disorders can affect any joint within the axial or peripheral skeleton, 

and the area in which they manifest varies between conditions. Inflammatory bone loss, which is best 

exemplified by rheumatoid arthritis, but can also be seen in other inflammatory joint disorders, occurs 

due to the effect which systemic inflammation has on bone resorption and formation (Goldring and 

Gravallese 2000, Hardy and Cooper 2009). Inflammatory conditions favour a catabolic state which 

reduces bone formation  (Goldring and Gravallese 2000, Hardy and Cooper 2009). These conditions 

may cause three different types of bone loss: focal bone loss, periarticular osteopenia, and generalised 

osteoporosis. Focal bone loss affects the bone immediately at the joint margins, while periarticular 

osteopenia occurs adjacent to the inflamed joints and generalised osteoporosis may occur throughout 

the axial and peripheral skeleton (Goldring and Gravellese 2000). Differences in rates of bone loss are 

present between different types of inflammatory conditions. For example, periarticular osteopenia is 

usually absent within spondyloarthritis, and instead new bone formation often leading to joint fusion 

is present (Coury et al. 2019). Conversely, bone formation is decreased in rheumatoid arthritis and 

joint fusion is incredibly rare (Barbieri et al. 2016).   

Inflammatory disorders can either be seronegative or seropositive, based on the presence of 

inflammatory rheumatoid factors found in the serum of the patient’s blood. If an individual is 

seropositive for rheumatoid factor, they have rheumatoid arthritis (Scott et al. 2010). While 

seronegative disorders are collectively referred to as spondyloarthopathies or spondyloarthritis within 

the clinical literature (McGonagle et al. 1998, Kataria and Brent 2004, Samsel et al. 2014, Sieper and 

Poddubnyy 2017, Feld et al. 2018, Heijde et al. 2019). Seronegative spondyloarthropathies primarily 

affect the spine, however they can affect peripheral joints as well (Holden et al. 2003, DeVos 2004, 

Kataria and Brent 2004, Sudoł-Szopińska et al. 2016, Sieper and Poddubnyy 2017). These disorders 

produce erosions, ossification of entheses (joint capsules, ligaments and tendons) and a tendency for 

the spinal and sacroiliac joints to fuse (Kataria and Brent 2004, Rudwaleit, Van Der Heijde, et al. 2009, 

Braun and Baraliakos 2011, Taurog et al. 2016). More recently there has been some movement in 

clinical settings to change the way that inflammatory spondyloarthropathies are classified, due to the 

nature of their overlap.  
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Traditionally, inflammatory degenerative joint disorders were divided into multiple categories with 

separate guidelines for each disorder. For example, the term spondyloarthropathy is often used in 

clinical literature as an umbrella term to refer to ankylosing spondylitis (AS), reactive arthritis (ReA), 

enteropathic arthritis (ES) and psoriatic arthritis (PA) (McGonagle et al. 1998, Kataria and Brent 2004, 

Samsel et al. 2014, Sieper and Poddubnyy 2017, Feld et al. 2018, Heijde et al. 2019). Classifications 

developed over the past decade have tried to simplify the diagnosis of these disorders by dividing 

them instead into axial spondyloarthritis and peripheral spondyloarthritis. This modern system came 

about due to the overlap between the potential causes and clinical presentations of the disorders 

(Rudwaleit, Landewé, et al. 2009). For completeness both the classic and modern classification 

systems are explored. This is because within palaeopathological literature the classic system is still 

often used (Ortner 2003, Waldron 2009, Cawley and Paine 2015). Also, while it is likely that these 

disorders have similar genetic, environmental, and immunologic causations, they also have certain 

features which can help to separate them and may be of relevance to palaeopathology.  

A defining point amongst inflammatory spondyloarthritides is the presence of the genetic marker HLA-

B27 (Kataria and Brent 2004). HLA-B27 is a class 1 surface antigen which binds antigenic peptides for 

presentation to T cells, playing an important role in the immune response to pathogens such as the 

influenza virus (Mahmood and Helliwell 2017). It is hypothesised that it is abnormalities in antigen 

presenting cells caused by an infection from an unknown pathogen or exposure to an unidentified 

antigen, which may be what triggers the onset of the inflammatory cascade which leads to 

spondyloarthritis in genetically susceptible patients with the HLA-B27 gene (Kataria and Brent 2004, 

Mahmood and Helliwell 2017). Individuals with this gene tend to have more sudden, severe and 

chronic symptoms associated with their joint changes (Bowness 2002, Kataria and Brent 2004, 

Sheehan 2010). Those without the gene may still contract arthritis if exposed to the correct conditions, 

which may vary between the types of inflammatory spondyloarthritis. While it has been found to 

increase the susceptibility and severity of arthritic conditions is has also been found to mitigate the 

virulence of other conditions, specifically viral infections such as HIV (Bowness 2002; Sheehan 2010). 

The presence of the HLA-B27 gene is of note even to those working with skeletal remains. It has been 

found that the geographic incidence of axial spondyloarthritis and HLA-B27 overlaps with the area in 

which the Neanderthals historically lived and that European Homo sapiens obtained many of their HLA 

alleles from admixing with Neanderthals (Mathieu et al. 2008, Abi-Rached et al. 2011). 
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3.4.1 Axial spondyloarthritis 
 

The new criteria of axial spondyloarthritis was introduced 2009 by the Assessment of Spondyloarthritis 

International Society (Rudwaleit et al. 2009, Rudwaleit, Van Der Heijde, et al. 2009). These criteria can 

be divided into two categories based on whether a patient presents with radiographic evidence 

sacroiliitis or without (Rudwaleit et al. 2009). If an individual presents without radiographic sacroiliitis 

then they must have evidence of sacroiliitis on MRI or be HLA-B27 positive and present with other 

associated clinical criteria (Rudwaleit, Van Der Heijde, et al. 2009). A more in depth look at the criteria 

for the diagnosis of axial spondyloarthritis can be seen in Figure 3.22. In those without radiographic 

sacroiliitis, other diagnostic factors, such as genetics, become more important. The HLA-B27 gene is 

found in 74-89% of non-radiographic axial spondyloarthritis sufferers (Taurog et al. 2016). In a further 

independent test study, it was found that the Assessment of Spondyloarthritis International Society 

criteria for diagnosing axial spondyloarthritis were valid, providing acceptable sensitivity in both 

diagnosing and classifying axial spondyloarthritis (Moltõ et al. 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most common spondyloarthropathy, ankylosing spondylitis, is an example of axial 

spondyloarthritis. While previously considered a separate disorder, under the new classification 

Sacroiliitis on imaging 

+ 

>1 SpA feature 

HLA-B27 

+ 

>2 SpA features 

SpA features: 

 
• Inflammatory back pain 

• Arthritis 

• Enthesitis (heel) 

• Uveitis 

• Dactylitis 

• Psoriasis 

• Crohn's Disease/Ulcerative Colitis 

• Good response to NSAIDs 

• Family history of SpA 

• HLA-B27 

• Elevated CRP 

Figure 3.22. The Assessment of Spondyloarthritis International Society classification criteria for axial spondyloarthritis 
(SpA). Left; radiographic axial diagnosis. Right: non-radiographic diagnosis. Adapted from Rudwaleit, Van der Heijde 
et al. (2009). 
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system the primarily axial disorder AS is considered a subset of axial spondyloarthritis (Taurog et al. 

2016). 

 

3.4.1.1 Ankylosing spondylitis 

 

3.4.1.1.1 Aetiology and pathophysiology of AS 

 

AS, also called Marie-Strümpell disease and Behterew syndrome, is characterised by chronic and 

painful degenerative inflammation and fusion (ankylosis) of the sacroiliac and spinal joints (Braun and 

Sieper 2007). AS is an autoimmune spondyloarthropathy, it is thought to have a genetic predisposition 

and is generally more common amongst males than females in a ratio of 2:1 (Mahmood and Helliwell 

2017, Sieper and Poddubnyy 2017). The disorder starts in the sacroiliac joints before moving up the 

spine (Kataria and Brent 2004). AS primarily occurs in the apophyseal facets, although it does it affect 

the annulus fibrosus of the intervertebral discs (Helliwell et al. 1998, Olivieri et al. 2009). When the 

annulus fibrosus ossifies, it fuses the vertebrae together leading to ankylosis and what is sometimes 

referred to as “bamboo spine” (Kataria and Brent 2004, Olivieri et al. 2009). In such instances, the 

spine becomes completely rigid immovable. In some advanced, cases AS can move on to affect other 

joints such as the hip and shoulder (Helliwell et al. 1998, Kataria and Brent 2004). AS is the most 

common inflammatory spondyloarthropathy in the spine (Kataria and Brent 2004, Debusschere et al. 

2018). 

The exact aetiology of AS is not completely known, but it is thought to be related to genetics as the 

vast majority (80-90% in Caucasians) of individuals who present with the disorder have the HLA-B27 

antigen (Mahmood and Helliwell 2017, Shahinyan et al. 2019). There are multiple different subtypes 

of the HLA-B27 gene, with AS being associated strongly to; the B*27:02 variant in Mediterranean 

populations, the B*27:04 in far eastern populations, the B*27:05 variant in Caucasian and worldwide 

populations, and the B*27:07 in South Asian and Middle Eastern populations (Sheehan 2010, Taurog 

et al. 2016). However, the association between the HLA-B27 and disorders like AS and axial 

spondyloarthritis remains unexplained (Taurog et al. 2016). AS is also a seronegative 

spondyloarthropathy, this affects the diagnosis of the disorder (Helliwell et al. 1998, Arthritis Research 

UK 2015). Blood tests for inflammatory arthritis such as tests for rheumatoid factor and anti-nuclear 

antibodies are usually negative. Instead, tests examining erythrocyte sedimentation and levels of C-

reactive protein can be done (Arthritis Research UK 2015). Those with AS tend to show increased rates 

at which red blood cells will settle out of the blood (sedimentation test), as well as higher levels of C-

reactive protein which another molecule associated with inflammation (Rudwaleit, Van Der Heijde, et 
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al. 2009, Arthritis Research UK 2015, Machado et al. 2018). The typical sufferers of AS are young, 

between 15-45 years old, with development most common in the third decade of life (Olivieri et al. 

2009, Mahmood and Helliwell 2017, Shahinyan et al. 2019). It can be associated with other disorders 

such as ulcerative colitis, Crohn’s disease, psoriasis and Reiter’s disease (Braun and Sieper 2007, Sieper 

and Poddubnyy 2017).  

 

3.4.1.1.2 Diagnosis of AS in clinical and bioarchaeological settings 

 

As well as blood tests, scans of the spine and tests of spinal mobility can also be used to diagnose AS. 

Radiographic images can be used to see signs of inflammation at the sacroiliac joint and have been 

historically important in widely adopted diagnostic methods such as the New York Criteria (Linden et 

al. 1984, Braun and Sieper 2007, Shahinyan et al. 2019). Under modern classifications, radiographic 

signs of sacroiliitis are what places AS under the subset of radiographic axial spondyloarthritis (Sieper 

and Poddubnyy 2017). An image of radiographic sacroiliitis in AS as compared to non-radiographic 

spondyloarthritis can be seen in Figure 3.23 (Sieper and Poddubnyy 2017). However, radiographic 

techniques have the major drawback of only revealing bony changes many years after the onset of 

physical symptoms, with sometimes as much as 10 years difference (Braun and Sieper 2007, 

Mahmood and Helliwell 2017). Radiographic images only detect the structural damage that has 

occurred to the bone and cartilage over time as a result of inflammation, in comparison MRI allows 

for the detection of inflammation in the sacroiliac joint itself and may be of use in the earlier stages 

of AS when no chronic changes have occurred (Braun and Sieper 2007, Shahinyan et al. 2019). In 

addition to MRI, CT scans may also be of use when diagnosing AS as it has been said to be more 

sensitive in evaluating the chronic changes of AS than radiographs (Shahinyan et al. 2019).  

 

 

 

 

 

 

Figure 3.23. Radiographic images of the sacroiliac joints. A) An example of erosive sacroiliitis in a patient diagnosed with AS. B) An example of 
non-radiographic spondyloarthritis, the patient does not show any changes to the sacroiliac joint and cannot be diagnosed with AS, but may 
have other significant criteria such as high scores on the BASDAI (Sieper et al. 2007). 
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Due to the delay between onset of symptoms and being able to see changes in imaging test of spinal 

mobility are very important.  For example, Schober’s test can be used to measure the flexion of the 

lumbar spine, and The Bath AS Disease Activity Index (BASDAI) can be used to confirm a diagnosis of 

AS by combining multiple diagnostic criteria such as pain and stiffness (Kataria and Brent 2004, Braun 

and Sieper 2007). This index can then also be used to assess a patient’s needs in terms of therapy as 

it assesses how active the disease currently is (Garrett et al. 1994). A further index, The Bath AS 

Functional Index (BASFI), can then be used to assess a patient’s physical impairment due to AS (Calin 

et al. 1994). Unlike the BASDAI, BASFI is not a diagnostic test, but used to establish a baseline at the 

onset of treatment and track any changes in response to therapy (Zochling 2011). There is no cure for 

AS, but physiotherapy and exercise can help reduce inflammation and pain (Arthritis Research UK 

2015). This is due the sporadic nature of the pain associated with AS. Sufferers will often undergo 

periods of “flare up” followed by times of remission, this can occur on a daily basis with worsening of 

symptoms in the morning and evening and improvement with movement (Arthritis Research UK 2015, 

Union Chimique Belge 2017). There are many other tests that can also be used when measuring 

disease activity and progress within AS. For example, the modified Stokes AS Spine Score (mSASSS) 

measures the changes of the vertebrae as seen on radiographs. An example of the scale used in this 

test can be seen in Figure 3.24 (Braun and Baraliakos 2011). 

 

 

 

 

 

 

 

 

 

 

A key part of the diagnosis of AS is its differentiation from the non-inflammatory disorder diffuse 

idiopathic skeletal hyperostosis (DISH). Clinically speaking, the symptoms of AS begin at a younger age 

than DISH, but this point may be of limited use in palaeopathology depending on the age of the 

individual whose remains are being analysed. The most obvious differences between the diseases 

Figure 3.24. The mSASSS scale, shown left, as compared to a radiograph of a patient with AS, shown right. The 
vertebrae on the radiograph are graded according to the scale (Braun and Baraliakos 2011). 
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become apparent in their later stages.  In AS the vertebral bodies often become squared and there is 

evidence of erosive sacroiliitis, indeed, as previously discussed, inflammatory sacroiliitis is key factor 

in the diagnosis of AS (Kataria and Brent 2004, Olivieri et al. 2009). In contrast, the sacroiliac joint may 

only be affected in late stage DISH where there may be some signs of ligamentous changes, but the 

extent of joint space narrowing is far less than in AS and there is a lack of erosions and bony ankylosis 

(Olivieri et al. 2009, Arad et al. 2017). However, it may be easy to confuse the ligamentous growth of 

DISH with the sacroiliac fusion in advanced AS (Arad et al. 2017). The syndesmophytes of AS occur as 

a result of the ossification of the peripheral layers of the annulus fibrosus, while outgrowths in DISH 

are mainly the result of ossification of the anterior and posterior longitudinal ligament (ALL and PLL 

respectively (Arriaza 1993, Arad et al. 2017). While there can be ossification of the PLL in AS it is not 

as frequent as in DISH and ossification of the ALL in AS is extremely uncommon (Arriaza 1993). An 

example of classic syndesmophyte formation in AS can be seen in Figure 3.25  (McEwen et al. 1982). 

 

 

 

 

 

 

 

 

 

 

The overall appearance of both AS and DISH disease in their late stages is of particular use to 

palaeopathologists. AS is typically regarded for its bamboo like appearance which contrasts greatly to 

the melting candlewax appearance of DISH (Ortner 2003; Waldron 2009). It is important to note, 

however, that these conditions can co-exist in a single individual and given there overlap of bony 

changes there can be some confusion in earlier stages of the disease (Jordana et al. 2009, Kuperus, 

Waalwijk, et al. 2018). This is especially the case within radiographic diagnosis of the disorders, where 

vertebral changes can only be differentiated once there is clear AS related erosive sacroiliitis which 

can be differentiated from potential DISH related sacroiliac joint fusion (Olivieri et al. 2009; Arad et al. 

2017). Below, Table 3.10 presents a list of radiographic characteristics which may be used to 

Figure 3.25. Radiograph of an 18-year-old patient showing "bamboo" spine. A) indicates a typical marginal syndesmophyte. B) indicates a 
thickened marginal syndesmophyte. There is also marked narrowing and ossification within the sacroiliac joints (McEwen 1982). 
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differentiate AS and DISH. This is not a complete list of features, instead it covers the characteristics 

which show the most difference between the two disorders. Other features such as hyperostosis, 

posterior longitudinal ligament ossification and enthesopathies without erosions are “very frequent” 

in DISH and “frequent” in AS (Olivieri et al. 2009). 

Table 3.10. Distinguishing radiographic features of DISH and AS, adapted from Olivieri et al. (2009). 

Radiographic Feature DISH AS 

Sacroiliac joint erosion Absent Very frequent 
Sacroiliac joint (synovial) 
obliteration 

Unusual Very frequent 

Apophyseal joint obliteration Absent Very frequent 
Anterior Longitudinal 
Ligament ossification 

Very frequent Unusual 

Enthesopathies (whiskering) 
with erosions 

Absent Very frequent 

 

Within archaeology, AS cannot be diagnosed through means of blood tests and serology, but it can be 

diagnosed on the basis of the morphology of bone changes, as well as with radiography (Rogers et al. 

1985). It is amongst the most diagnosed of the spondyloarthropathies within archaeology (Rogers et 

al. 1987). Within skeletal remains, AS can be identified based on symmetrical sacroiliitis and the 

growth of new bone on the vertebrae, which in the late cases of the disease course led to fused 

vertebrae with a characteristic “bamboo spine” appearance as can be seen in Figure 3.26 (Rogers et 

al. 1987). Within AS the spine slowly fuses, starting in the lumbar region and moving up the spine, due 

to thickening on the anterior aspect of the vertebral body and development of thin vertically oriented 

syndesmophytes (Rogers et al. 1985; Littleton 1999). This proliferation and fusion leads to obliteration 

of intervertebral discs and causes the spine to move as a single unit (Ortner and Putschar 1981, 

Littleton 1999). As the disease progresses, vertebrae lose their outer concave shape resulting in a 

“squaring” of their shape  (Ortner and Putschar 1981, Littleton 1999). Along with the intervertebral 

joints, the costovertebral joints are also involved in AS, often leading to fusion of the ribs and spine 

into one bony structure (Ortner et al. 1981). The shoulder and iliofemoral joints can also be affected 

in AS, as well as the peripheral joints, but changes outside the axial skeleton are often indistinguishable 

from other spondyloarthritides and rheumatic arthritis (Ortner and Putschar 1981). It is also important 

to note that AS can often occur alongside osteoporosis, which leads to an increase in the likelihood of 

vertebral fractures which have been said to occur most often in the cervical region (Ortner and 

Putschar 1981, Waldron 2009).  
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Quality of life (QoL) research may be of interest to archaeologists and anthropologists. There has been 

some discussion of how physically disabled an individual may be suffering from AS within the 

archaeological literature and the level of impairment has been described as moderate (Arriaza 1993). 

This is something that potentially varies with the progression of the disease. From clinical literature 

into the QoL of AS patients the disease does have a negative impact on sufferers with symptoms 

affecting day to day living. Of primary concern are symptoms causing stiffness, pain and fatigue which 

are significantly worse in AS patients than unaffected controls (Arriaza 1993, Ward 1999, Law et al. 

2018, Connolly et al. 2019). As the disease progresses into the later more chronic stages where bony 

fusion is prevalent there is increasing loss of mobility which places significant physical limitations on 

the individual (Ward et al. 2005, Braun and Sieper 2007, Yang et al. 2016). Such research could help 

provide supporting evidence for anthropological research looking into history of care and disability of 

past populations. Clinical research in this area would provide a solid basis for arguments that certain 

individuals must have experienced levels of physical disability according to the severity of the bony 

changes evident in their spines.  

 

3.4.2 Peripheral spondyloarthritis 
 

Peripheral spondyloarthritis is that which affects joints outside of the axial skeleton, or with very little 

involvement of the axial skeleton. It has multiple categories, occurring with psoriasis, inflammatory 

bowel disease, and infection such as in reactive arthritis, or without any of these ailments (Rudwaleit 

et al. 2011). Under previous classification systems each of the previously mentioned categories would 

Figure 3.26. Radiograph of a spine with AS. The image clearly shows vertically oriented 
lateral syndesmophytes giving the classic “bamboo” spine appearance (Rogers et al. 1987). 
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have been considered a separate disorder and then diagnosed as axial or peripheral. The newer 

classification system simplifies this greatly by diagnosing the spondyloarthritis in terms of whether it 

is primarily confined to axial or peripheral joints first. Which reflects the fact that spondyloarthritis 

can exist either in axial or peripheral forms both with and without specific disorders such as psoriasis 

etc. (Union Chimique Belge 2017). More recent clinical guidelines for the diagnosis of peripheral 

spondyloarthritis can be seen in Figure 3.27. These guidelines are for the diagnosis of spondyloarthritis 

in those patients who do not present with inflammatory back pain (Rudwaleit et al. 2011).  

 

Figure 3.27. Diagnostic criteria for peripheral spondyloarthritis. This is for patients who present with peripheral arthritic 
manifestations only. Adapted from Rudwaleit et al. (2011). 

 

In terms of the following disorders, while the classification system currently covers peripheral 

spondyloarthritis with or without these conditions, each of them can still occur within axial 

spondyloarthritis (Union Chimique Belge 2017). Indeed, as seen previously in figure 1 psoriasis and 

inflammatory bowel conditions are criteria for the diagnosis of axial spondyloarthropathy 

 

3.4.2.1 Psoriatic arthritis 

 

3.4.2.1.1 Aetiology and pathophysiology of psoriatic arthritis 

 

This condition is an inflammatory arthritis which is related to the skin disorder psoriasis. Psoriasis is a 

chronic skin disorder which leads to inflammation and the formation of lesions on the skin, usually 

located on the elbows and knees, hands, genitals, lumbar region and the scalp (Raychaudhuri et al. 

2014, Kaeley et al. 2018). This skin disorder mainly affects the hands, causing a red scaly rash and 

Arthritis, enthesitis or dactylitis 

PLUS 

>2 other SpA features 

• arthritis 

• enthesitis 

• dactylitis 

• inflammatory back pain ever 

• family history of SpA 

>1 SpA feature 

• uveitis 

• psoriasis 

• crohn's/ulcerative colitis 

• preceding infection 

• HLA-B27 

• sacroiliitis on imaging 
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swollen fingers (dactylitis), but it can affect any area of the skin and associated joints (Panchal et al. 

2012). Other symptoms of psoriasis include thickening and discolouration of the nails, painful swollen 

heels, and chronic fatigue (Panchal et al. 2012). Psoriatic arthritis (PA) affects around 30% of those 

with psoriasis and it is the most common inflammatory arthropathy to be found within the peripheral 

skeleton (Mease et al. 2013, Coates et al. 2016, Debusschere et al. 2018, Kaeley et al. 2018). Both 

psoriasis and PA are caused by inflammation, although the cause is not known it is speculated to be 

related to genetics, with 36 genes having been identified as accounting for Psoriasis and T-cell 

inflammatory cytokines being associated with PA (Coates et al. 2016). Much like other 

spondyloarthropathies, PA has been linked to the HLA-B27 gene, but there are also many other 

biomarkers which are linked to PA (Coates et al. 2016, Feld et al. 2018). It has also been theorised that 

psoriasis is caused by an infection, although no specific pathogen has been pin pointed (Panchal et al. 

2012). This may mean, however, that psoriasis and associated PA may be caused by a multitude of 

different infections (Panchal et al. 2012). Another key theory in the development of PA is related to 

the biomechanics of joints. It has been found that joint stress may trigger enthesitis, inflammation of 

the areas where tendons, ligaments and joint capsules insert into the bone (Kehl et al. 2016, Kaeley et 

al. 2018). Enthesitis then triggers the release of cytokines which enter nearby tissues causing 

inflammation (Kehl et al. 2016, Kaeley et al. 2018).  

PA can affect any of the body’s joints, but much like the skin disease itself, PA is most found in the 

hands and feet, with 1 in 4 of those affected by PA have pain and stiffness in the cervical and lumbar 

vertebrae (Panchal et al. 2012). Other than the associated psoriasis the symptoms of PA include 

spondylitis and enthesitis (Kaeley et al. 2018). The identification of enthesitis and its treatment has 

been found to be a key area in the management of PA, as enthesitis of higher severity has been linked 

to greater damage to both axial and peripheral joints, as well as a greater chance of developing 

ankyloses (Kaeley et al. 2018). The onset of psoriasis and PA do vary with age. While psoriasis can 

occur at any age, axial PA specifically is more likely to occur in elderly individuals than younger ones 

with 25-70% of elderly sufferers of PA developing axial PA, as opposed to 5-28% of younger sufferers 

(Feld et al. 2018). This can make the degenerative changes associated with axial PA difficult to 

distinguish from that which has occurred due to the ageing of the individual (Feld et al. 2018). Just 

because a patient presents with Psoriasis does not mean the individual has PA. Those with psoriasis 

can also get OA, rheumatoid arthritis and potentially even AS (Gladman 2007, lofin et al. 2008, Feld et 

al. 2018, Chen et al. 2019, Versus Arthritis 2019).  
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3.4.2.1.2 Diagnosis of PA in a clinical and bioarchaeological setting 

 

PA, much like AS is diagnosed through blood tests and imaging using MRI and radiographs. There is 

some debate as to whether psoriasis can occur alongside AS or if this is just axial PA, this comes down 

to difficulties in clinical literature defining exactly what axial disease in PA entails (Taylor et al. 2005, 

Feld et al. 2018). However, there are several things which may potentially be used to differentiate 

axial PA from AS. For example, while PA has been linked to HLA-B27 it occurs less frequently in 

sufferers of PA (20%) than AS (80%) (Feld et al. 2018). Although the presence of the HLA-B27 gene in 

PA sufferers is linked to development of axial PA and is associated with an earlier onset and more 

severe disease process (Gladman et al. 2005). Due to the differences in prevalence of HLA-B27 

between PA and AS it has been suggested that although they are related conditions there is clear 

difference in the genetics associated with each disorder (Feld et al. 2018). Research into PA has found 

that HLA-B08, HLA-B38 and HLA-B39 are strongly associated with the condition, and specifically with 

axial PA, and are not found in association with AS (Eder et al. 2012, 2015). Indeed, overall research 

has found the only overlapping genetic factor between the two conditions is the HLA-B27 gene (Feld 

et al. 2018). There are also slight differences that have been noted in the skeletal manifestations of 

AS and PA. Using radiographs, Helliwell et al. (1998) identified that patients with PA tended to have a 

larger number of “coarse” non-marginal syndesmophytes, while those with AS had more “classical” 

lateral syndesmophytes. Further to this, in axial PA there is also less involvement of the zygapophyseal 

joints than is seen with AS, which is thought to be a reason why PA patients generally have better 

spinal mobility than those with AS (de Vlam et al. 2000, Taylor et al. 2005, Feld et al. 2018). There is 

also more involvement of the cervical spine in PA than is seen in AS (Taylor et al. 2005). The spinal 

joint involvement in AS is generally symmetrical, especially in terms of sacroiliitis (Rogers et al. 1985, 

Arriaza 1993, Helliwell et al. 1998, Taylor et al. 2005).  However, symmetry of radiographic findings in 

those with PA varies, generally it is more asymmetrical, separating it from AS and rheumatoid arthritis, 

but it can present in a more symmetrical fashion (Feld et al. 2018; Merola et al. 2018). An example of 

the axial changes in a patient with PA can be seen in Figure 3.28 (Sudoł-Szopińska et al. 2016). 
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PA can be distinguished from rheumatoid arthritis through blood tests for rheumatic factors (Kaeley 

et al. 2018). PA is seronegative while rheumatoid arthritis is not (Kaeley et al. 2018). Blood tests for 

rheumatic factors can therefore identify rheumatic arthritis but as with the other spondyloarthritic 

conditions there are other characteristics required before PA could be diagnosed. Aside from blood 

tests, PA can also be distinguished from rheumatoid arthritis in other ways. For example, radiography 

is an important method of helping clinical practitioners differentiate the two disorders. In severe cases 

of PA, patients will present with juxta-articular bony proliferations, pencil in cup deformities and 

ankylosis of joints, deformity of the joints are especially common in the distal interphalangeal joints 

which can be seen in Figure 3.29 (Ichikawa et al. 2012, Mc Ardle et al. 2015, Sudoł-Szopińska et al. 

2016, Merola et al. 2018). Indeed, it has been suggested that juxta-articular bony proliferations may 

also be a key factor in differentiating PA from other spondyloarthritides (Ichikawa et al. 2012).  Bone 

erosions, while present in both are much more prevalent in rheumatoid arthritis, and are identified as 

discontinuity of the bone surface within the joint (Mc Ardle et al. 2015, Merola et al. 2018). Similarly, 

enthesitis and dactylitis may be present in both conditions, but are much more prevalent in PA (Mc 

Ardle et al. 2015, Merola et al. 2018). 

 

 

 

 

 

 

 

 

Figure 3.28. Lumbar spine radiograph of a patient with PA showing lateral syndesmophytes as well 
as bilateral sacroiliitis. Patient also has osteoporosis (Sudoł-Szopińska et al. 2016). 
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Much like in AS, when analysing skeletal remains for PA serology cannot be used. Primarily PA takes 

on the form of asymmetric oligoarthritis, but it is a highly variable condition and may appear in the 

skeleton to mimic rheumatoid arthritis or AS, as previously described. The operational definition of PA 

from Waldron (2009) requires the presence of sacroiliitis, spinal fusion with skip lesions and erosions 

of the distal interphalangeal joints in the hands or feet, with resorption present in the hands. Damage 

to the distal interphalangeal joints is one of the key characteristics in PA (Gladman et al. 2005, Helliwell 

et al. 2007).  Due to the similarity in presentation of PA to RA and AS, it has very rarely been diagnosed 

in the archaeological literature (Ortner and Putschar 1981, Waldron 2009). This may be where a move 

towards the use of axial and peripheral spondyloarthropathy would benefit archaeological and 

palaeopathological literature. It would enable researchers to focus less on differential diagnosis 

between a group of highly overlapping disorders and instead focus on other aspects of the disease 

manifestation. It has even been acknowledged in clinical literature that in their early stages 

inflammatory arthritic conditions are unclassifiable and may be undifferentiated until later stages 

(Berthelot et al. 2001, Taylor et al. 2005). 

 

 

 

 

 

Figure 3.29. Left-handed radiograph from a PA patient. Image shows severe erosion and 
sublaxation of the first interphalangeal joint, with bony proliferation on the first phalanx. 
The second distal interphalangeal joint is ankylosed (Mc Ardle et al. 2015). 
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3.4.2.2 Enteropathic Arthritis 

 

3.4.2.2.1 Aetiology and pathophysiology of enteropathic arthritis 

 

Enteropathic spondyloarthritis (ES) is the term used to label arthritis of the joints that is thought to be 

associated with inflammatory bowel diseases (IBD) such as Crohn’s disease and ulcerative colitis 

(Wollheim 2001). Involvement of the joints can also occur with other gastrointestinal disorders, for 

example, following intestinal bypass surgery, celiac disease, and Whipple’s disease (Smale et al. 2001). 

Such disorders can cause bone changes due to their being chronic inflammatory conditions, leading 

to joint changes through a series of influences from abnormal bowel permeability, genetic and 

immunologic factors. Much like with the other spondyloarthropathies, the exact mechanisms for how 

all these factors interacts is uncertain (Wollheim 2001, Holden et al. 2003). More recent research has 

implicated the movement of lymphocytes from the gut mucosa to the joint (Wollheim 2001). This 

theory suggests in genetically predisposed individuals with abnormally permeable intestines, when 

the mucosa of the gut gets inflamed some immune cells, mainly intestinal lymphocytes, migrate from 

the intestines and into the joints. Gut bacteria has been found to play a role in this interaction, 

tolerance of the mucosal immune system to certain gut bacteria may be related to changes in the 

mucosal effector cells or by causing changes in regulatory cells (Jacques et al. 2010). 

Historically ES has been divided into axial and peripheral forms. The axial form includes sacroiliitis with 

or without spondylitis and is similar to idiopathic AS (Holden et al. 2003, Paredes et al. 2005). Other 

lesions may occur in the peripheral form including synovitis, enthesitis, periostitis, tendonitis and 

granulomatous lesions of the joints and bones (Holden et al. 2003, DeVos 2004). It is also important 

to note that osteoporosis and osteomalacia secondary to bowel disorders are common and this may 

affect bone strength, leading to weaker bones more liable to fractures (Holden et al. 2003). The 

peripheral arthritis associated with IBD is usually non-erosive and can correlate highly with an 

individual’s intestinal issues (Paredes et al. 2005). This is conversely true in the axial joints, whose 

involvement may not correlate well with flare ups of intestinal issues and are likely to advance despite 

the control of the associated inflammatory bowel condition (Paredes et al. 2005). Peripheral 

complaints manifest in around 10-20% of those with IBD (DeVos 2004). Similarly, axial involvement 

occurs in around 7-25% of IBD patients (DeVos 2004). Although it has been reported that the 

development of musculoskeletal symptoms from IBD may be as high as 30% (Veloso et al. 1988). 

Sacroiliitis specifically may occur in up to around 45% of patients with IBD and may be symptomatic 

or asymptomatic (Arvikar and Fisher 2011, Voulgari 2011). Gastrointestinal issues and IBD have been 

found in patients with undifferentiated spondyloarthropathy and AS (Voulgari 2011). 
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The type of ES that an individual develops has been linked to genetic factors. Like other 

spondyloarthropathies ES has been linked to the HLA-B27 gene. This gene has been found to be a risk 

factor for the development of axial ES, but not to the development of peripheral ES (Wollheim 2001). 

The gene also appears to be more linked to self-limiting and relapsing incidences of arthritis. Two 

studies testing sufferers of Crohn’s disease and ulcerative colitis found two distinct forms of ES with 

different HLA associations. Those with HLA-B27 and HLA-B35 were found to have lesser joint 

involvement (<5 joints) and flare ups of arthritis coincided with gut activity (Orchard et al. 1998, 2000). 

The second type found, associated with HLA-B44, showed greater joint involvement (>5) and was 

persistent regardless of gut activity (Orchard et al. 1998; Orchard et al. 2000). Additionally, HLA-B27 

has been found to increase the risk of sufferers of Crohn’s disease to progress to full AS (Mielants and 

Veys 1990). These groups are genetically determined and are different from the clinical diagnoses of 

type I and type II peripheral ES. Type I peripheral ES tends to be oligoarticular, asymmetric, non-erosive 

and found in large joints, while type II is a polyarticular disorder of the small joints and runs more 

independently to IBD than type I (Voulgari 2011). 

 

3.4.2.2.2 Diagnosis of ES in clinical and bioarchaeological settings 

 

Tests for gut permeability are an important diagnostic tool in spondyloarthopathies and disorders of 

bowel permeability such as IBD and has been linked to disease activity (Wollheim 2001). IBD itself is a 

criterion of diagnosis for general spondyloarthritis and gut alterations can be found in around 60% of 

patients with spondyloarthritis, without associated IBD (DeVos 2004, Peluso et al. 2013). When 

considering ES specifically the guidelines set out by the European Spondyloarthropathy Study Group 

(ESSG) are most used. The criteria used in these guidelines can be seen in Figure 3.30 (Dougados et al. 

1991). The ESSG criteria do not rely on radiography or laboratory testing and have been found to have 

good sensitivity in patients with established ES (86%) (Peluso et al. 2013). 
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Figure 3.30. ESSG criteria for classification of spondyloarthropathy, adapted from Dougados et al. (1991). 

 

Imaging is an important part of diagnosis for all spondyloarthritides, ES included. In one imaging study 

it was found that discovertebral erosions seen in MRI were a common feature within all 

spondyloarthropathies, but especially in ES (Peluso et al. 2012). It was suggested that this may 

therefore be an important feature in the diagnosis of ES within the range of overlapping 

spondyloarthropathies (Peluso et al. 2012). Of all the spondyloarthropathies, ES and IBD related 

arthritis are most closely related to AS (Arvikar and Fisher 2011). This is due to similarities in axial 

involvement between the two conditions, in that both are more likely to be symmetrical and 

continuous within the spine, while PA and reactive arthritis may be asymmetrical and have non-

continuous spinal lesions (Arvikar and Fisher 2011). As mentioned previously, general sacroiliitis is 

frequent in those with ES, but sufferers of IBD related conditions may also progress to  full AS in up to 

16% of patients (Arvikar and Fisher 2011, Voulgari 2011). Diagnoses of ES can be complicated by the 

presence of AS like symptoms (Colombo et al. 2009). Overall, using the ESSG criteria around 18-46% 

of those with IBD fulfil criteria for spondyloarthritis (Arvikar and Fisher 2011).  

Within inflammatory bowel diseases nutrition becomes an important factor. For example, in celiac 

disease arthritis is a well-recognised diagnostic feature and removing gluten from the diet is reported 

to improve a patient’s joint symptoms (Lubrano et al. 1996, Wollheim 2001). In a study of patients 

with celiac disease it was found that the overall prevalence of arthritis in patients was 26%, but this 
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varied according to diet (Lubrano et al. 1996). Of those still consuming gluten and partaking in a regular 

diet the prevalence of joint involvement was 41% as opposed to just 21.6% in those with a gluten free 

diet (Lubrano et al. 1996). Due to the high percentage of patients with arthritis despite being on an 

appropriate diet gluten is not the only cause of arthritis in those with celiac disease. However, the 

large difference between those eating gluten and not is also indicative that it does have a role to play, 

and that diet is an important influencing factor in the development of ES (Lubrano et al. 1996).  

Within archaeology ES may be difficult to diagnose due to its similarities with other 

spondyloarthropathies, particularly AS (Waldron 2009, Cawley and Paine 2015, Banton 2017). Such 

manifestations include sacroiliitis, spondylitis and ethesopathy (Ortner 2003). In his textbook Ortner 

(2003) states that within spondyloarthopathies associated with the gastrointestinal tract “joint 

involvement tends to be asymmetric”. As previously described, this is often not the case, with axial 

involvement being symmetrical mimicking AS (Colombo et al. 2009; Arvikar et al. 2011). This 

statement may refer to peripheral joint involvement in ES but this is not specified within the text. In 

the latest edition of this textbook, Waldron states “there is no possibility that this type could be 

distinguished from other forms of erosive arthropathy” (Waldron 2019).  What is interesting is that 

Ortner (2003) suggests that in skeletal remains it is best to be general in the diagnosis of 

spondyloarthopathy. This suggestion would fit in with developments in clinical literature dividing 

spondyloarthropathies in to axial and peripheral and would potentially save publications from having 

to go into a differential diagnosis of each type of spondyloarthropathy, as has been done in a previous 

publication (Cawley and Paine 2015). The distinction of spondyloarthropathies in to axial and 

peripheral is something that has been discussed previously in palaeopathological literature (Banton 

2017). 

 

3.4.2.3 Reactive arthritis 

 

3.4.2.3.1 Aetiology and pathophysiology of reactive arthritis 

 

Also known as Fiessinger-Leroy disease or Reiter’s syndrome, reactive arthritis (ReA) is a seronegative 

arthritic condition which arises in reaction to an inflammation and infection in another area of the 

body usually in the genitourinary or gastrointestinal tract (Colmegna et al. 2004, National Organization 

for Rare Disorders 2016, Carter 2019). This is different to septic arthritis, which is due to infection and 

inflammation within the joint itself (National Organization for Rare Disorders 2016; Schmitt 2017). This 

difference is enforced by the knowledge that while ReA is associated with HLA-B27, septic arthritis is 

not (Colmegna et al. 2004). ReA can be as a result of intestinal issues from bacteria such as infections 
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from salmonella, shigella, yersinia, and campylobacter, as well as from genitourinal infections such as 

chlamydia, however, it is noted in research that often the cause cannot be identified (Wollheim 2001, 

National Organization for Rare Disorders 2016, Carter 2019). Presenting features of the disorder 

include fever, conjunctivitis, iritis, and skin lesions such as circinate balantis and keratoderma 

blennorrhagicum (Carter 2019). These are different types of skin lesions which can occur on the hands, 

feet, scalp and genitals in association with reactive arthritis (Carney et al. 2015, Coelho et al. 2017). 

Signs of arthritis usually occur between 1 to 6 weeks after the initial infection but can take longer to 

appear (National Organization for Rare Disorders 2016; Coelho et al. 2017). Age of onset is usually 

between 20-40 years and is uncommon in childhood (Stavropoulos et al. 2015). When testing is 

undertaken for signs of infection during the arthritic phase results will often be negative as symptoms 

in the joints usually appear well after the infection has been cleared (National Organization for Rare 

Disorders 2016). ReA is best defined as an immune mediated synovial inflammation as a result of 

bacterial infections which shows persistence of antigens produced by bacteria within the joint and 

elsewhere in the body (Colmegna et al. 2004). 

 

3.4.2.3.2 Diagnosis of ReA in clinical and bioarchaeological settings 

 

In terms of the joint changes associated with the disorder sufferers usually present with changes to 

the large joints of the lower limb (Kataria and Brent 2004, Stavropoulos et al. 2015, García-Kutzbach 

et al. 2018). ReA tends to be asymmetric in presentation (Kataria and Brent 2004). The arthritis 

development will usually affect less than five large joints and can have an additive or migratory 

pattern, especially in cases of gonococcal infections (Colmegna et al. 2004). With an additive pattern, 

joints are progressively affected, while in a migratory course new joints are affected after previous 

joints have recovered. In the case of ReA, the HLA-B27 gene has been found to not be related to the 

onset of the disease, as is the case with AS, but instead is related to the perpetuation of ReA to the 

chronic form and severity of the changes (Bardin 2018). Much like ES, ReA has been linked to the gut 

bacteria, with joint inflammation being linked to impairment in the immune system within the 

gastrointestinal tract (Wollheim 2001, García-Kutzbach et al. 2018). 

In many cases ReA can also lead to back pain and changes in the spine. Sacroiliitis occurs in 

approximately 15-30% of ReA patients, while the lumbar spine is involved in up to 50% of patients 

(Stavropoulos et al. 2015, García-Kutzbach et al. 2018). Spondylitis can also occur but affects less 

individuals, only around 12-26% (Colmegna et al. 2004). Of a similar frequency is the inflammation of 

ligamentous insertions at the ischial tuberosity, 15-30% (Colmegna et al. 2004). The overall bone 

changes in the joints because of ReA may be like those of the other inflammatory spondyloarthritides, 
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however there are some small differences. For example, sacroiliitis in ReA is often asymmetrical while 

in AS it symmetrical (Kataria and Brent 2004). Additionally, AS has symmetric, slender marginal 

outgrowths of the spine while ReA has bulky non-marginal syndesmophytes (Colmegna et al. 2004, 

Kataria and Brent 2004).  Further to this, in peripheral ReA changes mainly occur in the lower limbs, 

while in PA peripheral changes mainly occur in the hands (Colmegna et al. 2004). 

ReA is not something that is widely explored in palaeopathological literature and current diagnostic 

techniques in the clinical literature require some testing of the synovium for antibodies as well as a 

patient history which records clear signs of a bowel or genitourinary infection and other extra-articular 

manifestations (Ortner 2003, Kataria and Brent 2004). As with the other spondyloarthropathies 

collecting patient history is hard in a deceased population unless that population is contemporary and 

has a full medical history for each individual. As a result, it is important to consider ReA as differential 

diagnosis, but it may not be possible to diagnose ReA specifically in skeletal remains (Ortner 2003, 

Waldron 2019). As there are some differentiating features in the development of ReA, Waldron (2009) 

has provided an operational definition for the condition. This states that skeletal remains must present 

with asymmetric fusion of at least one sacroiliac joint, evidence of paravertebral bridging and 

asymmetric erosions of the small joints in the lower limbs (Waldron, 2009). This is supported by 

research by Banton (2014), who researched SpAs in an early medieval military population and defined 

ReA with presence asymmetric fusion of one or both sacroiliac joints, spinal fusion with skip lesions 

and asymmetric erosions of the small joints in the foot. This research also emphasises the important 

addition of ossification of the entheses in the lower limbs as being particularly common in the 

condition, especially calcaneal spurs (Banton 2014). However, in this definition sacroiliac fusion must 

be present and this may not manifest until the later stages of the disease process. Therefore, much 

like the diagnosis of other spondyloarthropathies using the clinical definitions for axial and peripheral 

spondyloarthritis may be of use to palaeopathologists as they provide a good umbrella term to explain 

bone changes if a clear diagnosis of one spondyloarthopathy can be given. 
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3.4.3 Rheumatic arthritis 
 

RA is an inflammatory condition and is characterised by its widespread synovial joint involvement 

(Woolf and Pfleger 2003). It is a severe, progressive, systemic condition with an as yet unknown 

aetiology, but it is thought to be an autoimmune condition (Niewold et al. 2007, McInnes and Schett 

2017). RA typically presents as a symmetrical polyarthritis and affects more women than men (Lories 

and Baeten 2009). It is the most common form of chronic polyarthritis, affecting 1% of the world’s 

population, and can affect the hands, wrists, elbows, hips, knees, ankles and feet (Woolf and Pfleger 

2003, Hardy and Cooper 2009, Lories and Baeten 2009). The chronic inflammation associated with RA 

leads to widespread cartilage and bone destruction which can be readily evidenced on radiographs 

(Goldring and Gravallese 2000, Hardy and Cooper 2009, Lories and Baeten 2009). The condition can 

also occur in the facet joints of the spine and lead to neck and back pain from compression of the 

spinal cord and spinal nerve roots (Wasserman et al. 2011, Sudoł-Szopińska et al. 2016). The symptoms 

of RA in the spine are very similar to that of OA, although RA is most commonly found in the cervical 

vertebrae while OA is more common in the lumbar vertebrae (Kalichman and Hunter 2007, 

Wasserman et al. 2011). Most common symptoms in RA are decreased range of motion in the cervical 

region, pain in the cervical and suboccipital regions and motor or sensory loss due to nerve root 

compression (Bouchaud-Chabot and Lioté 2002). A case of possible RA, demonstrating classic 

involvement of the hand, in a Korean skeleton dating to the 1700s can be seen in Figure 3.31 (Kim et 

al. 2011). This individual also had fusion of C1 to the occipital joints of the skull (Kim et al. 2011). 

  

 

 

 

 

 

 

 

 

 

 

Figure 3.31. Image of a skeleton showing signs possibly related to rheumatoid arthritis. A and B show a lack of 
involvement within the spine with no ligamentous ossifications or degenerative osteophytosis. F shows the 2nd, 
3rd, 4th, and 5th metacarpal bones are fused to the carpals (Kim et al. 2011). 
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3.4.3.1 Aetiology and pathophysiology of RA 

 

RA is a seropositive inflammatory condition, meaning that inflammatory markers may be found in a 

patient’s blood (Niewold et al. 2007, Scott and Buckley 2010, McInnes and Schett 2017). More modern 

tests also look for anti-cyclic-citrullinated-peptide (anti-CCP), a type of antibody, and can be found 

earlier in the development of RA (Niewold et al. 2007). The condition of RA is not grouped with the 

spondyloarthropathies within clinical and patient literature but is listed separately due to the 

differences in presentation, namely the lack of rheumatoid and anti-CCP in the bloodwork of patients 

with spondyloarthropathies. Research has found that there is some overlap between RA and 

spondyloarthropathies, specifically PA. Cytokine expression profiles within the joints of patients with 

PA and RA have been found to be similar, particularly in the expression of interleukin (IL) 17 and 22 

which are involved in the pathway for synovial inflammation (Coates et al. 2016, Merola et al. 2018). 

Research has shown there is in fact no significant difference in the expression of IL-17 in the synovium 

of those with RA and PA (Moran et al. 2009). However, there are other differences in the molecular 

profile of spondyloarthritis and RA, for example lower levels of tumour necrosis factor and IL-1 beta 

are found in spondyloarthritis (Lories and Baeten 2009). These proteins are linked to the destruction 

of cartilage in the joints, as well as being implicated in the impairment of cartilage repair (Lories and 

Baeten 2009). While there are some similarities present at the molecular level, there is still great 

enough difference in the clinical presentation of the disorders that they are considered separate 

conditions. 

There are over 100 genetic loci associated with the risk of development and disease progression in 

RA. The majority of these genes pertain to immune effector and regulatory gene products, such as 

major histocompatibility complex (MHC) molecules, which are implicated in T-cell recognition and 

stimulation pathways, and cytokine receptors (Scott and Buckley 2010, Firestein and McInnes 2017, 

McInnes and Schett 2017). Such molecules are all related to how and when immune cells are activated 

and how they recognise molecules as “foreign”. In addition to genetics, there are other factors which 

increase an individual’s risk for developing RA. Disease factors such as smoking, vitamin D deficiency, 

obesity and alteration to the microbiota in the oral cavity and digestive tract have all been implicated 

(Firestein and McInnes 2017, McInnes and Schett 2017). Such factors, much like the genetic factors, 

may all lead to altered innate immune reactivity which culminated in the production of autoantibodies 

that cause synovitis within the joints, which in turn causes bone loss (Scott and Buckley 2010, Firestein 

and McInnes 2017, McInnes and Schett 2017). It is not clear how the process focuses on the joints; it 

may be due to micro trauma at the joint or do to with activation of osteoclasts by circulating 

autoantibodies (Firestein and McInnes 2017, McInnes and Schett 2017). There is much research 
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showing that HLA-B27 is associated with spondyloarthritis, it has been found that HLA-DRB1 allele is 

associated with the development and severity of RA. Much like in spondyloarthropathies, 

inflammatory responses are linked to increased production of pro-inflammatory molecules which lead 

to chronic inflammation (Merola et al. 2018).  

 

3.4.3.2 Diagnosis of RA in a clinical and bioarchaeological setting: 

 

While RA predominately affects the peripheral joints, such as the joints of the hands, in over half of 

all patients it can be found in the cervical spine (Bouchaud-Chabot and Lioté 2002, Wasserman et al. 

2011). Chronic synovial inflammation within the cervical spine can result in erosion of the bones 

leading to ligamentous laxity, instability, and movement of the vertebrae (Wasserman et al. 2011). 

The first and second cervical vertebrae are often affected, and the spine can be imaged through 

radiographs, magnetic resonance imagery (MRI), computerised tomography (CT) and ultrasound 

(Bouchaud-Chabot and Lioté 2002, Joaquim et al. 2015, Sudoł-Szopińska et al. 2017). In a clinical 

setting MRI is of particular use as it allows for assessment of active inflammation (Sudoł-Szopińska et 

al. 2017). A typical lateral radiograph can be seen in Figure 3.32. In this radiograph the patient is flexing 

their neck, the spino-laminar line of the atlas (C1), indicated by the arrow, does not line up with the 

posterior processes of the other cervical vertebrae showing that there has been forward slippage of 

the vertebrae (Jurik 2011). Anterior atlantoaxial dislocations are the most common type of 

dislocations associated with RA and account for approximately 75% of all dislocations in this area 

(Bouchaud-Chabot and Lioté 2002). Another common dislocation in the atlantoaxial joint in RA 

patients is atlantoaxial impaction which leads to cranial settling (Bouchaud-Chabot and Lioté 2002, 

Wasserman et al. 2011). In such cases, the inflammation caused by RA erodes the occipital condyles 

on the cranium, the lateral articulations on C1 and the dens on C2, which leads to collapse of the joints 

and settling of the cranium on the upper cervical vertebrae (Bouchaud-Chabot and Lioté 2002). Cranial 

settling can be evidenced without imaging if a patient presents with spinal cord sensory and motor 

impairment as well as loss of function to the IXth (Glossopharyngeal), Xth (Vagus) and XIth (Accessory) 

cranial nerves, as this is indicative of brainstem compression which can be associated with cranial 

settling (Bouchaud-Chabot and Lioté 2002). Brainstem compression can lead to death from acute 

respiratory failure (Sudoł-Szopińska et al. 2017). One post-mortem study revealed an “unexpectedly 

high” incidence of fatal brainstem compression in 10% of RA patients with atlantoaxial dislocation.  
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Within palaeopathology the identification and diagnosis of RA is very much dependant on the 

presence of the hands and feet, with the key defining feature being symmetrical marginal erosions of 

the small joints in these areas (Waldron 2009, Waldron 2019). Alongside this there may be erosions in 

the other joints and if the spine is involved it will most likely be in the cervical region with sparing in 

the sacroiliac joints and an absence of vertebral fusion (Ortner 2003; Waldron 2009, Waldron 2019). 

There is very little new bone growth associated with RA, and while fusion may occur it is very rare 

occurring in approximately 0.8% of sufferers according to clinical literature (Ortner 2003, Waldron 

2009, Barbieri et al. 2016). 

 

3.5 Chapter summary 
 

There are multiple factors that influence development of non-inflammatory joint conditions. These 

factors should be taken into consideration when discussing research findings within palaeopathology. 

While there are links between non-inflammatory joint diseases and an individual’s lifestyle, there is 

not currently research that shows that specific activities will cause a set pattern of degeneration. This 

is acknowledged within palaeopathological literature and researchers are careful not to overstep in 

Figure 3.32. Lateral radiograph of cervical rheumatoid arthritis taken during flexion. There is an abnormal distance between the 
posterior arc of the atlas (C1) and and the anterior aspect of the dens, indicated by the black line. The spino-laminar line, indicated 
by the arrow, does not align with the other vertebrae showing there has been anterior slippage. (Jurik 2011). 
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their discussion of disease patterns (Derevenski 2000, Weiss and Jurmain 2007, Brown et al. 2008, 

Cheverko and Bartelink 2017).  

There are debates amongst clinicians about the validity of the broad categories of axial and peripheral 

spondyloarthritis. This debate is something that palaeopathologists may wish to consider adopting in 

work on past populations. Bone is limited in the ways it may respond to forces and there is a wide 

overlap in the bony symptoms that appear on the peripheral and axial joints across the range of 

spondyloarthropathies. There is a multitude of work being done on developing clinical standards for 

diagnosing each disorder and each involves multiple aspects including patient history, blood work, 

imaging of the joints, and genetic analysis. In skeletal analysis, the entirety of these criteria cannot be 

met when diagnosing inflammatory conditions. This does not mean that they cannot be used 

altogether, or that palaeopathologists should avoid trying to diagnose these conditions and potentially 

continue to rely on outdated methods of diagnosis. Instead it may be worth adopting the broader 

definitions of spondyloarthropathies from the clinical literature in cases where there is not clear 

evidence available to suggest the definite presence of one spondyloarthropathy over another, which 

will usually only occur in the advanced stages of the disease process (Berthelot et al. 2001, Taylor et 

al. 2005).  

It is also apparent that a further literature review of the joint scoring methods in the clinical research 

and practice is needed. Such a review could be used to explore ways in which methods applied in a 

clinical setting may be able to be of use in palaeopathological research. For example, grading scales 

such as the mSASSS may be of use in scoring joint changes associated with AS, while the Meyerding 

system may be of use in grading anterior slippage of the vertebrae. A raised awareness within 

palaeopathology of current clinical grading systems may prove incredibly useful in the creation of 

standardised methodologies and will potentially allow for the comparison of spinal joint degeneration 

with modern populations as well. The use of clinical standards within archaeology and 

palaeopathology is clearly not a new concept given the widespread use of methods such as those 

proposed by Resnick and Niwayama (1976) for the diagnosis of DISH. Furthering the popularity of 

clinical methods within archaeology and palaeopathology may also help in standardising terminology 

across the different fields, which again should allow for easier comparisons between studies and 

potentially allow for comparisons of clinical and archaeological data. 

Following a review of the clinical literature, a review of the palaeopathological literature is now 

presented. 
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4. Bioarchaeology and inter-disciplinary research 
 

4.1 Chapter aims 
• To explore the main research questions seen within bioarchaeological research on spinal joint 

degeneration using pertinent examples from the literature 

• To provide an overview on how the previously described diseases have contributed to 

bioarchaeological, clinical, and forensic applications 

• To evaluate the effectiveness of methodologies used in bioarchaeology and associated studies 

into spinal degenerative joint disorder and the outcomes these methods produce 

• To show how potential future research and inter-disciplinary approaches may contribute to 

this area 

 

4.2 Introduction 
 

Identifying specific conditions and diseases in skeletal remains is difficult, and there is debate as to 

how specific interpretations of joint degeneration can be. Most researchers recommend caution when 

interpreting behaviours based on skeletal remains and advise against trying to isolate specific 

behaviours as there are many factors which influence joint degeneration (Derevenski 2000, Brown et 

al. 2008). The main implicated cause is trauma, whether the trauma is acute, such as a fracture, or 

more chronic, such as repeated overloading of the joints. Further to this; ageing, body mass index 

(BMI), genetic predisposition, nutrition, and lifestyle are all thought to be contributing factors to the 

development of spine degeneration (Hassett et al. 2003).  Knowledge about the risk factors is also 

useful as is it can be linked to potential causes of the disorder (Bombardier et al. 1994). Factors 

influencing joint degeneration can (and are) explored through clinical literature, but they can also be 

researched through the study of past populations.  

Palaeopathological research is important as the trends seen in a given population can provide physical 

evidence of the lifestyles led by different individuals (Jurmain 1977). These can be corroborated with 

historical and social evidence and potentially provide a perspective on the interaction between 

economics and physical labour (Watkins 2012, Shapland et al. 2015). Studies into the changes in the 

prevalence of a disease or disorder over time can also potentially show where or when a disease 

originated. Research has documented DJD in humans remains as far back as the Neolithic period and 

even further back in animals (Crubézy et al. 2002, Swales and Nystrom 2015, Haeusler 2019). Presence 

in humans over time would suggest that there is a common causality in the development of spinal 

disorders within Homo sapiens and our ancestors, whether this is biomechanical or genetic. While the 

presence of spinal disease in animals over time suggests there is a far wider set of potential causes for 
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such conditions. For example, while bipedal locomotion may be a factor for joint degeneration in 

humans, the presence of joint degeneration in non-bipedal animals suggests there are other 

biomechanical factors which can also play a role. 

This chapter aims to show how the previously described degenerative spinal diseases have 

contributed to research in bioarchaeology, and how they relate to the main research questions seen 

within the literature. Literature has been cited to provide examples of different study types. The 

approaches of the research are then evaluated to see how effective they are and how broad outcomes 

across the field of bioarchaeology have been. Additionally, areas of potential future research and 

inter-disciplinary approaches are explored to see how they might contribute to this field of research. 

 

4.3 Research questions in bioarchaeology 
 

4.3.1 Natural degeneration of the spine 
 

The use of spinal joint degeneration as a measure of lifestyle and physical stress has been criticised by 

some researchers as it has been suggested spinal joint degeneration may have more to do with erect 

posture and bipedalism than it does to do with daily physical activity (Merbs 1996, Putz and Muller-

Gerbl 1996, Knüsel et al. 1997, Merwe et al. 2006). This would explain the fact that spinal degenerative 

joint disorders are seen so far back in human civilization and across different populations in spite of 

differences in lifestyle and adaptations (Cook et al. 1983, Putz and Muller-Gerbl 1996, Brown et al. 

2008). The organisation of the spinal column has arisen because of the need to maximise both the 

stability and flexibility of the structure. One researcher has even gone so far as to say that the vertebral 

column is a failure of evolution (Putz and Muller-Gerbl 1996). 

The implication that the vertebral column is a “phylogenetic failure” is not entirely true, however, as 

at all levels of the vertebrae the cancellous bone is organised in such a way that it absorbs the 

compressive forces applied to it (Jurmain 1977, Putz and Muller-Gerbl 1996). To meet the required 

demands of stability within the spine, the vertebrae increase in volume the further down the spine 

they are situated. The intervertebral discs are also designed in such a way that allows them to 

distribute pressure equally across the vertebral bodies. The presence of the four sinusoidal curves in 

the spine also has a functional purpose and allows the structure to absorb forces better than a straight 

organisation would (Merbs 1996, Putz and Muller-Gerbl 1996). The curves which develop in the 

thoracic and sacral regions are considered the primary curves of the spine, developing in early 

childhood. Later, the secondary curves of the cervical and lumbar regions develop providing the spine 
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with its “S-curve” shape, lowering centre of body mass closer to the hips for more ergonomic bipedal 

locomotion (Haeusler 2019). The peaks of these curves fall roughly at C2-4, T2-4, T12-L2 and the 

superior surface of S1 (Gloobe and Nathan 1971).  

It has been suggested that those vertebrae which are furthest away from the line of gravity have 

greater forces applied to them, and as a result, will show increased levels of degeneration (Gloobe 

and Nathan 1971, O’Neill et al. 1999, Merwe et al. 2006). The line of gravity passes through the spine 

at around C1, T2, T12 and L4 (Gloobe and Nathan 1971, O’Neill et al. 1999, Merwe et al. 2006). The 

vertebrae C4, T7-8 and L2 are the vertebrae furthest from this line, therefore it is in these areas one 

could expect to find increased rates of degeneration if the hypothesis that the curvature of the spine 

influences its degeneration (Gloobe and Nathan 1971, O’Neill et al. 1999, Merwe et al. 2006). This has 

indeed been supported in the findings of some palaeopathology research, such as the previously 

mentioned Knüsel et al. (1997), who found the most affected vertebrae were C5-6, T8-10 and L2-3. 

Additionally, Van der Merwe et al. (2006) and Woo & Pak (2014) both found that the severity of 

degenerative joint disease matched the curvature of the spine, although this is not discussed in the 

study by Woo & Pak (2014). Although, some studies have found high degeneration at L4-5 (close to 

the line of gravity), and no study has truly substantiated the association between bipedalism and spine 

disorders (Haeusler 2019).  

The fact that there are multiple clinical studies exploring the causes of the disease, as well as findings 

of joint degeneration in animals that are not bipedal, would suggest that bipedalism is simply just 

another cause in the multifactorial aetiology of spinal joint disease (Daly et al. 2016, Meyer 2016). It 

could be argued that bipedalism is simply just a part of the daily physical stresses that the human spine 

faces, other species may also suffer from physical stresses to their spines but not those pertaining to 

bipedalism. Method of locomotion will have some effect on the levels of joint degeneration seen, as 

it will be linked to the way forces are transferred through the spinal column. But there are multiple 

other factors which will combine to create the overall level of damage to the joints, an important one 

being the level of physical stress that individuals are putting on their joints (Jurmain and Kilgore 1995, 

Weiss and Jurmain 2007, Brown et al. 2008). Therefore, the blame for joint degeneration cannot solely 

be put on the evolution of the vertebral column. It was Charles Darwin himself that stated the 

development of compromise between movement and stability within the spine was a “masterpiece 

of evolution and not a failure” (Darwin 1859). 
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4.3.2 Joint changes and lifestyle 
 

The concept of an individual’s “lifestyle” incorporates many different facets. Further to aspects 

relating to activity and occupation, it also relates to diet, disability, pain, and quality of life. The study 

of these factors within past populations is multidisciplinary and links areas including sociology, history, 

medicine, and archaeology to produce broader understanding and interpretation of diseases in past 

populations. 

Pathological conditions such as DISH have been clinically linked to obesity and type II diabetes (Sarzi-

Puttini and Atzeni 2004, Denko and Malemud 2006). Such conditions can arise due to a high calorie 

diet and their prevalence in past populations may indicate differences in diet. Rogers and Waldron 

(2001) compared the prevalence of DISH in monks and lay individuals in two Benedictine monastic 

communities from Wells Cathedral (n=121) and Royal Mint (n=151) (13th-16th century). Higher 

prevalence of DISH was found in the monks at each site. This difference was explained using historical 

sources describing the “gluttony” of the monks as compared to lay folk, suggesting that the 

development of obesity and type II diabetes were the factors which leading to increased prevalence 

of DISH within the monks (Rogers and Waldron 2001). This theory was also supported by their earlier 

study of Augustinian monks at Merton Priory and an isotopic study by Quintelier et al. (2014). Remains 

from a Carmelite friary in Aalst, Belgium (n=39, 15th-18th century) found higher rates of DISH in monks 

linked to their rich diet (Quintelier et al. 2014). Related to this, a case study of an ancient (ca. 2055-

1911 BC) Egyptian  skeleton potentially provided proof of the earliest case of diabetes (Dupras et al. 

2010). In this study, the detailed recording of lesions such as DISH, and other skeletal changes to the 

teeth and feet, was linked to clinical correlates of chronic diabetes and added to the historical 

understanding of the condition (Dupras et al. 2010). Degenerative conditions such as osteoarthritis 

have also been linked to obesity (Klaassen et al. 2011, Dario et al. 2015). Recent research incorporating 

skeletal body mass indicators (such as bone cross sectional measures), and the diagnosis of disease 

from skeletal remains explored the link between obesity and social status (Yorke-Edwards 2019). This 

research utilised 282 skeletons dating between 1700-1850 AD from London based cemeteries and 

found that while macroscopic analysis of osteoarthritis did not reliably act as an indicator of obesity 

in those of higher status, the presence of DISH did (Yorke-Edwards 2019). This supports the theory 

that the development of DISH is related to obesity.  

As a disease progresses in severity, it may begin to impact on an individual’s ability to carry out daily 

activities and impair their mobility (Boutin 2016). Domett et al. (2017) looked at the mobility of 229 

adult individuals (45 Neolithic, 141 Bronze Age, 43 Iron Age) from historic communities in Ban Non 

Wat, Northern Thailand. This study used clinical literature to discuss prevalence and intensity of 
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degeneration and the potential impact this could have had on individuals and the community. In these 

populations there was no statistically significant difference in the prevalence of osteoarthritis over 

time, but the condition was consistently highest in the knees and elbows of “old” individuals. The 

study did not provide numerical age categories for the skeletons, but this group included all skeletons 

aged from “middle aged” onwards (Domett et al. 2017). From the levels of degeneration seen in the 

population it was suggested that individuals would have had impaired mobility due to limited 

movement of the knee joint, as well as significant impairment in activities requiring deep knee bends 

which are described as “a common activity in Asia” (Domett et al. 2017). Diseases which involve the 

fusion of the spine such as DISH and ankylosing spondylitis may also be important to consider in past 

populations when exploring levels of disability. Clinically the development of these conditions has 

been linked to functional limitations relating to daily tasks such as dressing, eating, walking, bending, 

and maintenance of personal hygiene (Ward et al. 2005, Zochling 2011, Katzman, Huang, et al. 2017, 

Banno et al. 2018). Knowledge of such difficulties is important when interpreting the ways in which 

individuals may have lived (Tilley 2015). 

Closely related to the concept of disability is the level of pain and individual may suffer from their 

condition, with the pain itself potentially contributing to the level of disability. The interpretation of 

pain from skeletal lesions is contentious. Skeletal changes may be asymptomatic, and this is something 

palaeopathologists must bear in mind when undertaking skeletal analysis (Plomp 2017). Diseases in 

the spine such as OA and DDD may cause joint stiffness and pain (Waldron 2009, Marklein et al. 2016). 

These conditions are explored in the clinical literature, and while they may be asymptomatic in some 

individuals, they can also cause significant pain (Williams and Sambrook 2011, Ravindra et al. 2018, 

Kirnaz et al. 2021). The growth of bony spurs on the zygapophyseal facets or vertebral body may 

impinge upon the spinal nerves causing pain, as well as limiting function and leading to disability 

(Wong et al. 2016, Plomp 2017, Aljuboori and Boakye 2019, Petro and Rejaei 2020). SNS have also 

been linked to back to pain, particularly when located centrally in the vertebral endplate (Faccia and 

Williams 2008). This may be due to a higher concentration of nerve fibres located in this area (Faccia 

and Williams 2008).  

Diseases which cause pain and disability can lead to a lower quality of life (QoL). In clinical and 

sociological literature, QoL has been loosely defined as an individual’s overall well-being and 

judgement of satisfaction with their life (Karimi and Brazier 2016). A further definition pertains to 

health related QoL (HRQoL), which has been defined as how well a person functions in their life and 

their perceived well-being in physical, mental, and social aspects of health (Karimi and Brazier 2016). 

Conditions such as AS may be innately indicative of a poorer quality of life, especially in later stages of 

the disease where clinical research has shown patients will develop mobility loss, pain, and fatigue 
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(Ward 1999, Braun and Sieper 2007, Yang et al. 2016, Connolly et al. 2019). The Wakayama Spine 

Study in Japan, a large nationwide study involving 975 individuals, also found that the disability, 

functional impairment, and pain associated with intervertebral disc degeneration, SNS and lower back 

pain led to diminished quality of life (Teraguchi et al. 2015).  

Exploring the concepts of disability, pain, and QoL in past populations requires a multifactorial 

approach. When these concepts are researched together, they can provide greater insights into 

individuals and the communities in which they lived (Buzon 2012, Tilley 2015, Plomp 2017, Tilley and 

Schrenk 2017). Tilley and Cameron (2014) developed a structured web application to document 

skeletal lesions and assess the bioarchaeology of disability and link it to the concept of care in past 

populations. While it is clear from the clinical literature that concepts surrounding disability, pain, and 

QoL are aetiologically complex, the inclusion of clinical studies can provide insight into the manner 

and extent to which individuals were affected by different conditions (Borenstein 2000, Balagué et al. 

2012, Hoy et al. 2014). The method posed by Tilley and Cameron (2014) emphasises the importance 

of identifying clinical characteristics and implications of a disease in assessing its potential impact on 

an individual. This in turn allows for the construction of a “model of care”, where potential care 

practices are identified. These may include a combination of the proposed nine “constants of care”, 

with practices such as providing food and water, assisting with mobility, or maintenance of 

physiological function (Tilley and Cameron 2014). The importance of using clinical literature in 

palaeopathology is something that is also reiterated by other researchers, and emphasises how 

bioarchaeology lends itself to multidisciplinary research approaches, bringing together multiple forms 

of evidence to achieve a greater understanding of past populations (Sugiyama 2004, Buzon 2012, 

Boutin 2016, Domett et al. 2017, Beckett and Conlogue 2019). 

 

4.3.3 Variation between populations 
 

There is considerable research into variation in joint disease prevalence, distribution and severity 

between populations of different geographical (Jurmain 1990, Lovell 1994, Hussien et al. 2009, 

Shapland et al. 2015, Zhang et al. 2017), temporal (Kelley 1982, Arriaza 1993, Hukuda et al. 2000, 

Sofaer Derevenski 2000, Klaus et al. 2009) and cultural (Knüsel et al. 1997, Sofaer Derevenski 2000, 

Lieverse et al. 2007, Rojas-Sepúlveda et al. 2008, Klaus et al. 2009, Shapland et al. 2015) origins. From 

this, various suggestions for trends in data are provided, including functional morphology of the spine 

(Mays 2006, Merwe et al. 2006, Meyer et al. 2011, Plomp, Roberts, et al. 2015, Plomp, Viarsdóttir, et 

al. 2015), occupational activities (Jurmain 1990, Knüsel et al. 1997, Hukuda et al. 2000, Rojas-
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Sepúlveda et al. 2008, Woo and Sciulli 2013) and diet (Rogers and Waldron 2001, Merwe et al. 2012, 

Quintelier et al. 2014, Yorke-Edwards 2019). 

Research into temporal changes in disease prevalence may allow for the history of spinal disorders to 

be investigated in one geographical location across eras; or to create a picture of disease prevalence 

in populations of a similar era but in different geographical locations. Studies which look at how the 

prevalence and intensity of spinal disorders change over time can be tied in with documented 

evidence of the lifestyle of a population and potentially provide insight into the way societies evolve 

(Steckel and Rose 2002, Roberts and Cox 2003, Steckel et al. 2018). For example, in studies where 

researchers explore the way of life in a society before and after colonialism or invasion by comparing 

skeletal and written evidence. Klaus et al. (2009) looked at the changes in lifestyle of populations in 

pre (n=139, 900-1532 AD) and post-colonial (n=113, 1536-1750AD) Peru. To a certain extent, in both 

eras the populations were agriculturalists however there was intensification in labour and a move into 

mining. This change to a more mechanically strenuous lifestyle was suggested by a sharp increase in 

the load bearing of the spinal column. From the early to middle colonial period, there was a 2.6 times 

increase in cervical degeneration, a 2.4 times increase in thoracic degeneration and a 2.2 times 

increase in lumbar degeneration (Klaus et al., 2009) This development in day to day life was linked by 

historical evidence that the indigenous Peruvians were being used by the Spanish to extract natural 

resources. 

In another case of invasion, Hussien et al. (2009) explored differences in spinal pathology of those 

living in the Bariyah Oasis, Egypt, in the Greco-Roman period (n=809 vertebrae, 332-30BC) as 

compared to published literature on Egyptians pre Roman invasion. While much of this comparison 

focused on the trauma seen in both populations, there was discussion of differences in vertebral and 

apophyseal osteoarthritis. In the Greco-Roman Egyptians the levels of thoracic facet degeneration 

were quite high, 53.58%, which was linked to the physically active agricultural and textile producing 

occupations of that population. In addition, the levels of cervical apophyseal joint degeneration were 

similar between the communities. This reflects the continuation of the tradition of carrying loads on 

the head which produces high levels of mechanical stress on the neck and also been seen in other 

populations with the same social habits (Lovell 1994).  

Comparisons have been made of the severity and patterns of degeneration between different 

subsistence cultures such as those dependent on agriculture or hunting and foraging (Jurmain 1990, 

Bridges 1992, Arriaza 1993, Hukuda et al. 2000, Crubézy et al. 2002, Rojas-Sepulveda et al. 2008). 

These studies aim to compare the patterns of joint changes and potentially relate this to repetitive 

movements or level of physical activity. Such studies have had contradictory results, with some finding 
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that hunter gatherers had higher levels of joint degeneration and associated pathologies, while others 

found agricultural societies had higher levels of spinal pathology or that there was no difference at all 

(Jurmain 1990, Bridges 1992, Rojas-Sepúlveda et al. 2008). Arriaza (1993) found an increase in spinal 

pathologies in three prehistoric Chilean populations with a move towards an agropastoral way of life 

(n=504, AD1450-7000BC). While Hukuda et al. (2000) observed no significant differences in the 

prevalence of spinal degenerative joint disease between Chinese hunter-gatherer and agropastoral 

populations (n=365, 7000BC-1644AD). Similarly, Crubézy et al. (2002) showed that, when adjusted for 

age, the levels of degeneration in the knees of early Neolithic (n=119, 5700BC), medieval and modern 

Europeans was very similar.  

The lack of overall agreement between these studies may be indicative of genuine variation amongst 

the different populations. For example, there could be genetic or lifestyle factors which protected the 

Chinese population against joint degeneration in comparison to the Chilean populations. However, 

research would suggest South East Asian populations are more likely to suffer from joint diseases, 

although this may not have been the case in past populations (Nguyen 2014, Cho et al. 2015, Waheed 

et al. 2020). The difference in results could have arisen due to contrasting identification and recording 

methodologies employed in these studies. Arriaza (1993) looked at changes based on a presence or 

absence diagnosis, whilst Hukuda et al. (2000) and Crubézy et al. (2002) use scales of severity to grade 

the joint changes seen. Presence or absence methods may potentially underestimate the levels of 

degenerative changes, only including those individuals who showed the most severe degeneration. 

Conversely, there is also the potential that grading methods may overestimate disease prevalence as 

criteria can be quite subjective (Plomp 2013, Roberts 2018). Research in this area is also a mix between 

those investigating multiple joints and just the spine. Rojas-Sepulveda et al. (2008) focused on the 

spine and found 10.8% of agropastoral individuals (n=9/83) had OA diagnosed by eburnation only, or 

69.9% (n=58/83) had OA when counting to diagnostic lesions together. This was compared to previous 

research by Bridges (1992) and had significantly lower levels of OA compared to other agricultural 

populations. Arriaza (1993) performed a multi-joint study, finding SNS in 4.5% of early individuals 

compared to 5.8% of agricultural individuals, they also found a higher incidence of DISH in the 

agricultural population. Whilst Hukuda et al. (2000) (spine only) and Crubézy et al. (2002) (multi joint) 

found no real differences between spinal joint diseases between hunter-gatherers and agriculturalists. 

This could suggest differences in the diagnostic criteria used in the studies played a role in the levels 

of degeneration seen, something which is admitted Rojas-Sepulveda et al. (2008). 
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4.3.4 Variation within populations 
 

The disparity seen in individuals of the same population can be used to explore the lifestyles of 

individuals of different social status. Knüsel et al. (1997) looked at three different medieval cemetery 

populations in York; canonised monks, lay workmen and high status individuals (n=81, 13th-14th 

century). This study found no significant differences in these populations but noted that the pattern 

of degeneration in the spinal columns of individuals across all sites suggested that degeneration was 

linked more to bipedalism than social activity. In contrast, Woo and Sciulli (2013) used a combination 

of skeletal joint analysis and the grave goods found with remains, from a Late Archaic (n=59, ca. 5000-

1000 B.C.) North American population, to posit the potential cause of any pattern of variations found. 

In the study it was found that middle aged and older individuals with less grave goods had higher levels 

of joint degeneration. This difference was thought to be because of individuals who partook in physical 

labour had a lower status in the community. This difference was not found in younger individuals 

however, where all individuals were found to have similar levels of joint degeneration regardless of 

presence or absence of grave goods. Overall, in this study it was found that the relationship between 

sex and grave goods was approaching significance, with males more likely to be buried with more 

numerous and “exotic” grave goods (Woo and Sciulli 2013). Woo and Sciulli (2013) hypothesised that 

this was due to men inheriting more wealth, or that they were buried with more care, compared to 

women in the population. While there was no significant difference in the frequency of degeneration 

between the sexes, there were different patterns of joint changes, this was explained as potentially 

reflecting sex-based division of labour within the population, they do not go so far as to suggest which 

activities were being undertaken by different individuals. 

Research such as the study by Woo and Sciulli (2013) investigating possible sex divisions in labour can 

produce novel insights into the structure of past societies. Research into medieval women has shown 

that they were prone to more severe back problems at a younger age (Shapland et al. 2015). 

Approximately 4.4% of female skeletons aged between 14-25 years old from four sites (n=314, ca. AD 

900-1600) had spondylolysis compared to 2.2% of males (Shapland et al. 2015). The discovery was 

then be explained using social and historical documentation which corroborated the idea that girls 

would start work earlier than boys, who would wait to get apprenticeships (Shapland et al. 2015). 

Becker and Goldstein (2018) found sex related differences between two different Peruvian 

subsistence groups (n=692, 500-1100 AD). The study found while males showed no significant 

differences between groups, the females in each population showed differences in the patterns of OA 

in the spine, hips, and wrists. They theorised females from the Omo-style colony with more spine and 

hip pathology engaged in more heavy lifting, while the females from the Chen Chen colony may have 
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partaken in repetitive agricultural tasks leading to increased rates of wrist OA (Becker and Goldstein 

2018). Further to these studies, research by Vanna (2007) explored difference relating not just to 

biological sex, but also into socio-cultural differences relating to gender, across ancient (n=194, 1st-3rd 

century BC) and modern Greek populations (n=225, 1960-96 AD). This research found in the ancient 

population males had higher levels of osteoarthritis beginning at younger ages, while in the modern 

population women had higher levels, particularly after the age of 50 years. This difference was 

theorised to be as a result of socio-cultural factors in the ancient population meaning men undertook 

more manual labour than women (Vanna 2007). In contrast, levels of OA in the women of the modern 

population where theorised as being due a combination of biological factors (women being 

biologically predisposed to develop OA with increasing age), and outcomes of socio-cultural factors 

(modern women living longer than men) (Vanna 2007). 

The variances between the sexes can then also be applied to comparisons within different populations 

to make more informed judgements about lifestyle differences. Lieverse et al. (2007), compares one 

middle Holocene population over time investigating differences in lifestyle before and after a major 

cultural shift (n=175, 6800-1000BC). Previous work had suggested that individuals living in the pre-

hiatus communities were more settled. The results of skeletal analysis into joint degeneration do not 

support this however, suggesting high levels of physical activity across both time periods (Lieverse et 

al. 2007). The study found a change in sex specific activity levels. Males stayed constant throughout 

both eras, but females showed an increase in spinal degeneration from 33.3% at the lowest before 

the cultural shift to 100% of females at all sites post shift, suggesting an increase in load carrying for 

females after the cultural change. This was explained by suggesting that overall residential mobility 

may not reflect the individual mobility of the foragers within the community (Lieverse et al. 2007). 

Lieverse et al. (2007) posited that the change in levels of degeneration potentially occurred in 

response to environmental flux, rather than cultural shift. This research is particularly interesting as it 

shows how studying the degenerative changes of communities can be used to inform our hypotheses 

on past populations. In this instance, the research by Lieverse et al. (2007) has shown that previous 

hypotheses may not have been accurate and cultural understanding of past populations benefits from 

the observation of skeletal remains.  

Not all studies have found sex differences in labour. Research by Arriaza (1997) found very similar 

levels of spinal degeneration and spondylolysis in males and females. This degeneration was linked to 

the dragging of Latte stones, the large stone pillars that were used in the houses of the population in 

Guam being analysed (Arriaza 1997). A review by Meyer et al. (2011) highlighted issues with 

interpreting sex differences in stress markers. They suggest many differences which have been 

ascribed to sex divisions in labour may simply be the expression of sexual dimorphism in Homo sapiens 
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(Meyer et al. 2011). Kinkopf et al. (2020) added further to the complexity of establishing differences 

in sex division of labour by studying the relationship between economic access and spine degeneration 

in a late medieval Italian population (n = 106, 1300-1450 AD). They found no overall sex differences in 

VO when pooled by age, and while there were differences in the patterns of vertebral osteoarthritis 

between the sexes, in both instances the severity of osteophytosis and osteoarthritis was most 

significantly linked to economic access (Kinkopf et al. 2021). They suggest the relationship between 

economic access, activity and health outcomes is multifactorial and intersectional, with occupation 

being part of a broader landscape including access to jobs, nutrition, and healthcare. Therefore, 

interpreting disease, social, or occupational status as discrete factors is inaccurate, and intra-class 

differences should be included when study inter-class differences for a more nuanced approach to 

understanding disease prevalence (Kinkopf et al. 2021). 

 

4.4 Current methods used in palaeopathology 
 

4.4.1 Presence versus absence 
 

Many studies record the degeneration of the joints on a presence or absence basis. In such studies a 

list of diagnostic characteristics is created (i.e., osteophytes, eburnation, and porosity) and if more 

than one of those characteristics is present, the joint is marked as having degeneration. Such studies 

are usually the ones which involve examining multiple joint systems other than those of the spine 

(Arriaza 1993, Maat et al. 1995, Lieverse et al. 2007, Klaus et al. 2009, Watkins 2012, Shapland et al. 

2015, Sheng et al. 2017). Research comparing populations with differing lifestyles by recording 

pathological lesions on a presence or absence basis can readily show any differences between the 

populations. Lieverse et al. (2007) and Klaus et al. (2009) both explored temporal changes in activity 

levels between populations. These studies both use presence or absence diagnosis of osteoarthritis 

and degenerative joint disease respectively and were able to demonstrate differences in disease 

prevalence. Studies utilising presence or absence methods are good at providing overall patterns of 

degeneration for a population and can be used quite readily to make comparisons between 

populations because the system of recording is quite simple. Additionally, this method potentially 

allows for the faster recording of joint surfaces which may be of use in commercial archaeological 

settings. 

Presence or absence methods can also be used to explore differences between populations. Shapland 

et al. (2015) used the presence or absence of degenerative joint diseases in multiple joints of young 

women and men (age 14-25 years) from urban and rural medieval cemeteries to explore gender 
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differences in activity level. They readily identified that young women were more likely to have spinal 

fractures and osteophytic lipping on their joints than males. Particularly, the higher level of lesions 

within the lumbar region in females was thought to indicate that females were undertaking more 

lifting than males. Watkins (2012) used osteoarthritis to explore socioeconomic differences in a more 

contemporary community, comparing those from the Almshouse to those who had lived in the general 

population (n=634, 19th-20th century). While this study did not include vertebrae due to comingling of 

remains and poor preservation, the study did show significant differences between the individuals in 

the population with 87.2% of Almshouse individuals presenting with 7-8 joints affected with OA 

compared to 65.2% in the general population. 

The identification of diseases on a presence or absence basis also extends to other conditions which 

affect the spine. Smith et al. (2013) researched DISH in 389 prehistoric (1300-1600 AD) skeletons from 

North America. This study found only two individuals (1.2%) had DISH, and the results were easily 

compared to international studies and therefore demonstrate a lower prevalence of DISH within this 

population. This was thought to be due to the agricultural and non-hierarchical nature of the 

population, as compared to monastic communities or those with elite social stratum which 

demonstrated much higher levels of DISH (Smith et al. 2013). Although they do acknowledge 

differences could be due to genetic differences between populations as well (Smith et al. 2013). 

Diseases such as ankylosing spondylitis are also identified in skeletal remains on a presence or absence 

basis, based on the pattern of joint changes observed (Rogers et al. 1987, Khudaverdyan et al. 2021). 

A possible limitation to such studies is that the severity of degeneration in each system is not recorded. 

This makes the comparisons between individuals simplistic as they do not provide the detail necessary 

to carry out any complex analysis of their data. A more complex version of the presence vs absence 

methodology was created by Woo and Sciulli (2013). In their study spinal and appendicular joints were 

scored on a scale of 0-3 for lipping, porosity, and eburnation. If any one of those characteristics were 

scored as 2-3 then degenerative joint disease was marked as present. While this attempts to make the 

scoring of the joints slightly more objective, the data is still analysed in terms of presence/absence of 

joint degeneration. The lack of detail and specificity in the recording systems of presence or absence 

studies may potentially be limiting the probative value of the data and the discussions. Comparisons 

between populations cannot be thoroughly investigated, as while researchers may be able to say the 

prevalence of degeneration is similar in two populations they cannot say if one or other of the 

communities has increased severity of degeneration. This means studies investigating lifestyle 

differences within or between communities may be missing potential avenues of debate. For example, 

while Watkins (2012) did find significant differences between skeletons from the Almshouse 

population compared to the general population, this difference could simply have been due to the age 
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differences in the population. Osteoarthritis is a disease which progresses with age and the Almshouse 

individuals made up 100% of the 66-90 years of age group, with only 1 individual represented in the 

25-45 years of age group. This study concluded that “a more detailed survey” of all forms of trauma 

and osteoarthritis was needed to determine the relationship between the systemic and non-systemic 

factors which were influencing disease prevalence in the population (Watkins 2012). 

 

4.4.2 Ordinal scales 
 

Some of the most widely used methods to record joint degeneration are ordinal scales, one of the 

oldest reported uses of such a methodology in 1924 by Willis, investigating the relationship between 

age and arthritis (Willis 1924). The use of scales involves rating the level of degeneration on a scale 

that is particular to that research, usually scoring the damage as a variation of “mild” “moderate” or 

“severe”. Ordinal scales are suited for use in recording and exploring levels of joint changes as they 

reflect the continuous process of degeneration. Theoretically, such studies will provide enough 

information to allow for in-depth cross examination of multiple populations or individuals within a 

population, however, difficulties in doing so are often noted by researchers due to differences in the 

recording methodologies, data presentation and calculating the prevalence of disease within the 

population (Jurmain 1990, Hukuda et al. 2000, Rojas-Sepúlveda et al. 2008). This section will discuss 

the development of ordinal methods over time, and how older methods have influenced current 

research, before discussing the benefits and limitations of the methods. 

One method widely utilised in studies of joint degeneration was created by Stuart in 1958. Due to the 

age of this publication it could not be accessed, however the method is described in Stewarts textbook 

“Essentials of Forensic Anthropology” published in 1979 and it is this book and method that has been 

referenced in more recent studies (DeRousseau 1985, Merwe et al. 2006). Stewart’s study used 

osteophytic lipping to explore the development of VO in “white Americans”. The scale used was from 

0-4+, with 0 showing no osteophyte growth and 4 being the most severe (Stewart 1979). Each joint 

was divided in half, scored separately and added together to form an average (Stewart 1979). The 

example given is that if a joint is scored as + one side and ++ on the other, the joint averages as 1½+ 

(Stewart 1979). Further to this, the averages of each spine region can be added and divided by the 

number of joints observed to get a severity score for that region (Stewart 1979). What is not detailed 

is the description of each level of the scale, and there are no diagrams to illustrate the joints and bone 

growth studied.  This means the method cannot be replicated and there is no way to evaluate the 

scaling system used.   
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One author who is quite prolific in researching degenerative joint disorders is Jurmain, who developed 

a recording method in his thesis in 1975, employing this method in multiple studies since (Jurmain 

1980, 1989, 1990, 2000, Jurmain and Kilgore 1995). The method itself is not explained in these 

publications until the paper published in 1990. This study provides a brief description of the scales 

applied, as well as differentiating between VO of the vertebral body and OA of the synovial joints of 

the vertebrae, termed degenerative joint disease in the scoring system, which can be seen in Table 

4.1. It is acknowledged in the study that there is confusion within palaeopathological literature in the 

terminology used. However, in the text degenerative changes to the apophyseal joints are 

interchangeably termed both “osteoarthritis” and “degenerative joint disease” without explanation. 

The use of the terminology in such a way makes it appear that only changes to the apophyseal joints 

are part of degenerative joint disease, when the changes seen in the vertebral bodies are also a form 

of joint degeneration, just a different type of joint. 

Table 4.1 The scoring system used in Jurmain (1990) 

Score Vertebral Osteophytosis Degenerative Joint Disease 

0 None/slight None/slight 
1 Moderate (raised edge) Moderate (small osteophyte and/or 

pitting <10% of articular surface) 
2 Severe (osteophyte 

remodelled and made 
concave with original 

surface) 

Severe (very large osteophyte, 
remodelled and concave with original 

surface, and/or pitting >10% of 
articular surface or any eburnation 

3 Ankylosis Ankylosis 
 

It is also evident from Table 4.1 that the scoring system does not provide full descriptions necessary 

for other researchers to utilise it. While it could be argued that this is because it is not the full scoring 

system used, unfortunately, the in-depth description of Jurmain’s methods can only be found in his 

1975 thesis which is unpublished and difficult to acquire. A lack of description of methods employed 

seems to be a feature of Jurmain’s publications (Jurmain 1977, 1980, 1989, 1990). The publication of 

Jurmain’s which provides the least detail into the methods applied is his 1989 publication investigating 

trauma and degenerative disease in Pan troglodytes. In this publication the only description of the 

methods employed states diagnosis of skeletal changes were “obtained through macroscopic 

observation and supported by radiographic analysis” (Jurmain 1989). Despite the lack of detail in the 

methods, the results still refer to the degenerative changes as being “moderate” and “severe” in line 

with the ordinal scale used in his other studies (Jurmain 1989).  

Another thesis that is referenced multiple times is that of Sager (1969), which is an influence of the 

methods for Knüsel et al. (1997), Sofaer Derevenski (2000) and by Roberts and Connell (2004) in the 
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palaeopathology section of the British Association for Biological Anthropology and 

Osteoarchaeology’s 2004 guidelines for recording human remains. This thesis provides clear 

definitions for the stages used to classify the degeneration of the vertebral body and apophyseal 

joints. In addition, the study also provides a series of photos and illustrations to accompany the 

descriptions which clearly show the differences in the stages. Along the lines of the method proposed 

by Sager (1969), Knüsel et al. (1997) and Sofaer Derevenski (2000) score all joint surfaces separately. 

However, they have extended Sager’s method so that not only are the body and apophyseal joints 

scored apart, but so too are the superior and inferior vertebral body surfaces and the left and right 

apophyseal joints. Also, Knüsel et al. (1997) and Sofaer Derevenski (2000) score the characteristics of 

degeneration such as osteophyte growth, pitting and joint surface contour separately. This contrasts 

with the Sager (1969) method as each of these characteristics are combined to determine the level of 

degeneration within the joint.  

Methodological differences in ordinal scales may potentially be a factor for difficulties in making 

comparisons between research studies. For example, while studies all employ similar scales, 0-3 or 0-

4, ranging from no degenerative changes to full ankylosis, they differ in the criteria of the scales and 

in their definitions of what traits count towards degeneration. Comparing how osteophytes 

specifically may be recorded, Rojas-Sepúlveda et al. (2008) use a scale of 0-3, ranging from absent to 

“severe”, while Hukuda et al. (2000) measure degenerative changes as “probable” or “definite” 

depending on whether bone growth was under or over 2mm. In another study, van der Merwe et al. 

(2006) use a scale of 0-4 (“no signs of lipping” up to “vertebrae fused together”) to score osteophyte 

growth. In both Rojas-Sepúlveda et al. (2008) and van der Merwe et al. (2006) pictures are provided 

to show the stages within this scale. The variation in the scales is shown in Figure 4.1. Stage 2 changes 

in the scale by Rojas-Sepúlveda et al. (2008) closely resembles stage 1 changes in van der Merwe et 

al. (2006). Further to this, there is no set stage 4 provided by Rojas-Sepúlveda et al. (2008) even though 

in their paper it is stated “for more severe manifestations code 4 may be assigned”. 

 

Additionally, some studies simply score the joint whole, while others divide the joint or score each 

degenerative characteristic separately. Both Rojas-Sepúlveda et al. (2008) and Hukuda et al. (2000) 

divided the vertebrae into vertebral body and zygapophyseal facets. In contrast, van der Merwe et al. 

(2006) divide the superior and inferior margins of the vertebral body into three anterior sections and 

three posterior sections respectively, providing a separate score for each section. 
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Methods which have been developed to grade each aspect of joint degeneration separately also have 

benefits and limitations. By recording each degenerative characteristic independently, it may be 

possible to further explore degenerative changes. This may be especially the case with the division of 

recording between vertebral body and zygapophyseal changes as studies have found significant 

differences between the two areas (Lovell 1994, Maat et al. 1995, Knüsel et al. 1997, Woo and Pak 

2014). With an increase in the number of trends to analyse more patterns in the degeneration of the 

spinal joints may be found. Zhang et al. (2017) explored osteoarthritis in multiple joints throughout 

167 skeletons of two Late Shang dynasty (ca. 1250-1046 BC) urban populations. As part of this method 

changes in the zygapophyseal joints and vertebral bodies were analysed. The study did not find 

statistically significant differences in these joints between the sexes, but there were different patterns 

of degeneration between the archaeological sites. Individuals from the Xiaomintun site showed 

significantly more osteoarthritis in the cervical zygapophyseal joints, with a 5.46 times higher rate of 

lesions in these joints, while there was no significant difference in the degeneration of the cervical 

vertebral bodies. In the thoracic vertebrae the Xiaomintun sample was 3.33 times more likely to have 

degeneration of the vertebral bodies, while there were no statistically significant differences in the 

rate of thoracic zygapophyseal osteoarthritis. Such differences in patterns of degeneration can be 

ascribed to differences in biomechanical loading of the joints, with individuals undertaking activities 

such as lifting, pushing, and carrying, which would have put physical stress directly onto these joints. 

Further studies looking into differences between the vertebral bodies and zygapophyseal joints may 

better inform the way joint degeneration develops using biomechanical approaches and highlight any 

differences or similarities between the populations being studied.  

However, there is a risk of over analysing the changes in the joint surfaces, either by focusing on 

characteristics which may not be clinically relevant to the disease, or by recording so many 

characteristics the overall trends of disease prevalence are lost. To address the first issue, there has 

been debate as to which characteristics of joint degeneration and osteoarthritis constitute diagnosis 

and warrant recording. For example, osteophytosis and eburnation are widely recorded in 

Figure 4.1 Superior images show the scale used by Rojas-Sepúlveda et al. (2008). Inferior images show the scale used by 
Merwe et al. (2006). 
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palaeopathology studies as being key aspects of joint degeneration, but there have been arguments 

made against the use of “pitting” (surface porosity) of the joints as indicators of severity. Ortner (2011) 

has stated that porosity is a natural phenomenon that is present during growth and ageing, as well as 

being indicative of other pathologies, while Woods (1995) and Rothschild (1997) both found that 

pitting appears independently of other osteoarthritic changes such as eburnation. They also found 

that pitting occurred in articular areas not in regular joint use, suggesting that pitting must occur 

because of some other effect (Rothschild 1997). Wood (1995), as explained in Rothschild (1997), 

posited that it might be due to vascular invasion of malnourished cartilage in the joints. In contrast, 

eburnation is seen as a clear sign of wear between the joint surfaces and osteophytic lesions indicate 

bone growth in response to joint instability (Waldron 1991a, Derevenski 2000, Molnar et al. 2011). 

However, there has been caution suggested in diagnosing osteoarthritis and joint degeneration on the 

basis of osteophytosis alone if eburnation is not present (Waldron 1991a). In such instances it has 

been recommended to take into consideration new bone growth on the joint surface and joint 

deformation (Waldron 1991a). Therefore, it is potentially necessary to record the severity of a 

multitude of characteristics, as done in the research of Knüsel et al. (1997) and Rojas-Sepulveda et al. 

(2008). However, by reviewing the clinical literature it may be possible to streamline these methods 

and find which bone changes are truly indicative of joint degeneration.  

To address the second issue, recording so many characteristics in detail may cause researchers to 

focus too heavily on certain aspects of bone changes and lose the overall trends in disease prevalence. 

For example, research has suggested that eburnation is the only pathognomic trait of osteoarthritis 

(Craps 2015). Research which records the severity of osteophytes and pitting on the zygapophyseal 

joints potentially risks exploring trends in the prevalence of these traits between populations, at the 

expense of obscuring trends in “true” osteoarthritis through the prevalence rate of eburnation in the 

joints. This may be combatted by using clinical literature to establish which disease traits are most 

relevant and then performing targeted analyses within data sets. For example, Zhang et al. (2017) 

diagnosed osteoarthritis by using pitting, osteophytes, and eburnation, but performed an overall 

analysis as well as one looking specifically at rates of eburnation between the populations. Despite 

this, unless all researchers look at disease characteristics in similar levels of detail it still may not be 

possible to make the required comparisons between studies.  

Another limitation of the ordinal scale methodologies employed is the arbitrary nature of the grading 

system. The development of degenerative diseases in the spine is a continuous process in which the 

bone is constantly trying to adapt to the forces which are being applied to it, and Sager (1969) himself 

identified that "the grades merge gradually into one another”. Due to the overlap of the different 

severity levels, it is sometimes hard to classify vertebrae as possessing a specific stage of degeneration. 
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This means that methods using scales are open to high inter-observer variation as researchers may 

apply the same criteria in multiple ways due to the subjectivity of the terminology. In addition, the 

way an individual applies the criteria may be affected by the experience of the observer and how 

familiar they are in working with vertebrae and grading joint degeneration. 

There are also issues with the terminology applied to ordinal scales, to think of joint degeneration in 

terms of “mild” and “severe” may bias the way in which an observer thinks of degeneration (Beck and 

Jones 1989, Falys and Lewis 2011). Terminology within palaeopathology has been an ongoing area of 

debate within the field with calls for a more rigorous approach to diagnosis and guides being created 

with definitions of acceptable terminology (Manchester et al. 2016, Buikstra 2017, Grauer 2018). 

While “degeneration” does appear on the list developed by Manchester et al. (2016), severity 

modifiers such as “mild” do not. In comparison, studies which use numerical scores to grade 

degeneration make the observer focus on the description of the stage rather than a specific one-word 

title. Due to issues with inter observer error, it has been recommended in the guidelines for recording 

human remains, set out by the British Association for Biological Anthropology and Osteoarchaeology, 

that recording lesions on the basis of presence or absence is preferable (Roberts 2018). This is because 

the recording of disease in terms of those individuals showing the most severe disease characteristics 

may give a more accurate picture of disease (Roberts 2018). However, this may underestimate the 

levels of degeneration within a population. It has also been recommended that, in addition to the 

detailed recording of pathological lesions, in instances where severity of changes is being discussed, 

photographs are taken with a normal bone for comparison (Pinhasi and Mays 2007, Roberts 2018). 

Much like evaluating where the overlap of the stages happens, being able to effectively score a joint 

without being biased because of the terminology may also be affected by the experience of the 

observer and their familiarity with methods of grading joint degeneration. However, regardless of 

whether a researcher uses numbers or words in their scale, it may be expected that vertebrae at the 

extremes of the scale will be easier to diagnose. It will be clear to an observer if there are no 

osteophytes, or full ankyloses of a joint, but the intermediate levels will not be so clear due to the 

continuous nature of the degeneration process. Waldron and Rogers (1991) found low levels of 

agreement between experts and beginners diagnosing osteoarthritis, apart from the diagnosis of 

eburnation. This trait showed the highest level of agreement amongst observers, but still only reached 

50% agreement (Waldron and Rogers 1991).  

While there are questions surrounding the effectiveness of methods currently employed in 

palaeopathological research, there are still comparisons being drawn between studies to answer the 

research questions that have previously been mentioned. An example of a study which makes multiple 
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comparisons with the literature is the study by Navitainuck et al. (2013). This research compared their 

own data into the early medieval German population of Mannheim-Seckenheim with similar early 

medieval German communities. The results of this can be seen in Table 4.2, which shows the 

Mannheim-Seckenheim group had much higher rates of degeneration than was recorded in the other 

studies.  

 
Table 4.2. The comparison between research by Navitainuck et al (2013) and other pieces of research into Medieval German 
degenerative joint disease 

Spinal Segment Navitainuck et al, 2013 Springl, 1997 Michalski, 1986 Baier, 1988 Fischer, 2004 

n % n % n % n % n % 

M
al

es
 

Cervical 55 98.2 9 8.0 14 31.1 8 16.7 4 7.3 

Thoracic 53 96.4 21 18.8 24 53.3 7 14.6 6 10.9 

Lumbar 50 94.3 20 17.9 21 46.6 11 22.9 10 18.2 

Fe
m

al
es

 

Cervical 54 96.4 3 4.3 12 35.3 3 6.7 2 3.9 

Thoracic 56 100.0 3 4.3 12 35.3 5 11.1 7 13.7 

Lumbar 51 94.4 4 5.7 11 32.4 9 20.0 9 17.6 

 

The differences in the prevalence rates were explained in three ways; either it was genuine variation, 

the fact that Navitainuck et al. (2013) were very stringent in their criteria for inclusion and only 

selected intact vertebrae, or because the recording versus diagnosis methods used in the studies were 

different. Fischer (2004), as quoted by Navitainuck et al. (2013), states the low levels of prevalence is 

due to poor preservation of the remains at Wageing am See. This shows that methods should designed 

to compensate for preservation levels and present data in terms of number of articular surfaces 

analysed rather than by crude prevalence. This will be discussed further later in the chapter. 

The diagnostic criteria of the studies were different, an issue which can be seen in many research 

comparisons. Navitainuck et al. (2013) scored changes of the vertebral body and the apophyseal facets 

on a scale of 0-4 after research by Acsádi et al. (1962). This method measures the osteophytes to try 

and make the scale slightly less subjective. In the study, Navitainuck et al. (2013) found high rates of 

degeneration, but they were predominantly at the mild and moderate stages, with males having 

increased rates of severe degeneration. The other studies with which Navitainuck et al. (2013) 

compare their research are based on a different recording by Stloukal and Vyhnánek (1970). 

Unfortunately, due to the age of the paper and the fact it is only in German, the paper could not be 

accessed or read to enable a more in-depth analysis of the methods, past the fact it is mentioned as a 

potential point of contention by Navitainuck et al. (2013). Indeed, all the studies which are used in the 

comparison could not be accessed as they are all unpublished theses from the Technische Universität 
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München. It is interesting to note, however, that in their publication Navitainuck et al. (2013) do 

reiterate the importance of using more precise recording systems and providing more detailed 

methodological descriptions in papers to ensure easier comparison of results. This would suggest that 

these theses do not meet this requirement and combining these less precise recording standards with 

the poor preservation of the remains would go some way into explaining the disparity in the results 

of Navitainuck et al. (2013) and the studies they used in their comparison.  

One possible reason why the prevalence rates are different that is not discussed is the fact there is no 

comparison of the severity of degeneration recorded in each population. A more detailed comparison 

of the data produced in all the studies could have been made if this has been discussed. Navitainuck 

et al. (2013) have limited themselves in much the same way as the studies which only look at the 

presence and absence of joint degeneration. Furthermore, a discussion of the severity of degeneration 

seen in the population may also have further elucidated the methodological differences between the 

studies and provided a fuller and more complex view of the joint degeneration in Medieval Germany. 

 

4.4.3 Measurements 
 

Knüsel et al. (1997) provide in depth descriptions of their 0-2 stage scales for each characteristic that 

was recorded on the vertebral bodies and apophyseal joints. An extract of the descriptions used in the 

research can be seen in Table 4.3. This method has applied slightly less subjective criteria by requiring 

a set percentage of the area of the vertebral body to be affected before it is classed as a stage 1 or 2. 

This is more detailed than other studies which rely on non-numerically based scales. As mentioned, 

degeneration of the joints is a continuous process and this method aims to take away some of the 

observer error by setting more exact boundaries between the stages.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

Table 4.3. Extract of the scoring system used by Knüsel et al. (1997). 

Score Vertebral Body Apophyseal Joints 

Osteophytosis 1 Less than 1/3 of joint surface 
width and less than 50% of the 
circumference 

Less than half the width of the joint 
surface and less than 50% of the 
circumference 

2 Measurements in excess of these values 

Sclerosis 1 Covers less than 50% of the joint surface and appears as thin layer of bone 
not associated with eburnation, or as a small uneven, localised lump of 
bone on the joint surface 

2 Affects more than 50% of the joint surface and appears as thick irregular 
proliferating new bone formation, may or may not be associated with 
eburnation (a trait that is recorded separately) 
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This is not the only study to attempt to create more objective methodologies to measure joint 

degeneration. The method of measuring joint changes, such as measuring the size of osteophytes, can 

be seen in multiple research studies (Acsádi et al. 1962, Swedborg 1974, Steckel et al. 2005, 

Navitainuck et al. 2013). These methods are less subjective than simple observation of joint changes, 

removing any observer bias that may be present due to the wording of severity scales and the 

confusion that may arise from their overlapping nature. Measurement methods can introduce bias, 

however, as they require observers to choose an area from which to take measurements. While in 

cases of high severity this may not be an issue, in vertebrae with smaller osteophytes the grade of 

degeneration may be different depending on where a researcher chooses to take their measurement. 

There are also additional limitations that need to be addressed in methods choosing to measure the 

characteristics of degeneration, specifically the measuring of osteophytes. Nathan (1962) found that 

the sizes of osteophytes are proportional to the size of the vertebrae. This means that males, who 

have larger and more robust vertebrae, will have osteophytes of a larger size compared to females. 

While this may also be a limitation of all methods looking into joint degeneration, it is particularly 

relevant in methods which directly measure the size of the osteophyte. In non-measurement-based 

methods the observer must subjectively decide what severity the bony growth falls into, and in doing 

so will look at the whole vertebrae. In measurement-based methods the observer looks only at the 

osteophytes and takes a direct measurement from the bone, ignoring the whole vertebrae and its size. 

Therefore, in these methods it can be expected that there will be a bias towards men having greater 

severity of joint degeneration.  

This is why methods such as those implemented by Knüsel et al. (1997) and Hussien et al. (2009) are 

useful. These studies are less subjective than the normal ordinal scales used, but as they rely on 

percentages of the surface area affected, they do not add the bias of sex differences in vertebral size. 

Going forwards in palaeopathological research it could be of use to further explore such methods. 

They would potentially provide an excellent basis with which to measure the multiple characteristics 

associated with degeneration and go some way to reducing the bias of widely used recording 

methods.  

 

4.4.4 Population structure 
 

One issue that recurs within the palaeopathological literature is that populations often have differing 

demographic structures due to fluctuations in migration, fertility and stressors over time (Wood et al. 

1992, Dewitte and Stojanowski 2019). This leads to researchers potentially having to compare 
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populations with differing age structures, which is problematic on two fronts. Firstly, it has been said 

that the lesions seen on skeletal remains represent the accumulation of insults and injuries throughout 

an individual’s life (Siek 2013, Milner and Boldsen 2017, Roberts 2018). Secondly, many of the joint 

disorders studied are related to age and take many years to reach full severity (Wood et al. 1992, 

DeWitte and Wood 2008, Grauer 2018). Thus, if a predominantly young skeletal population is analysed 

and found to have low levels of spinal pathology this may be expected given that the population has 

simply not lived long enough for any disorders to develop (Steckel and Rose 2002, Siek 2013). 

Conversely a young population with high levels of severe pathologies may be of note as they may have 

had lifestyle and genetic factors that led them to develop disorders at a relatively younger age (Grauer 

2018). Stating the age bias within the population being studied is a necessity if comparisons being 

made are to be fair and informed. It is important that the limitations of research are fully understood 

that any conclusions drawn from it are within the scope of the work done. Without fully stating the 

limitations of their work researchers may run the risk of overstepping the boundaries of their research 

and draw conclusions that may not have any scientific basis. By exploring palaeopathology in a 

multidisciplinary way we may be able to mitigate some of the limitations imposed by the nature of 

examining older remains (Buikstra 2017).  

As well as the basic age structure of the population, it is important that when exploring differences in 

age specific prevalence rates researchers are using comparable age boundaries. Waldron (Waldron 

1991b) suggested that age groups of 10 years are the most appropriate. This is not necessarily an 

achievable goal however, due to the ageing techniques used within palaeopathology. Depending on 

the preservation rates of skeletal remains either the cranium, ribs, or pelvis may be used to age 

individuals. Commonly used methods including Brooks and Suchey (1990), Isçan et al. (1984, 1985) 

and Buckberry and Chamberlain (2009) do not provide 10 year age ranges. For younger individuals 

ranges may be 16-19 or 15-23, but older individuals may fall within ranges of 34-86 or 53-92 (Brooks 

and Suchey 1990, Buckberry and Chamberlain 2009). Indeed, even within age estimation methods the 

age ranges may overlap, such as in Brooks and Suchey (1990) where stage V pubic symphysis puts an 

individual in the range of 27-66, while stage VI puts an individual in a range from 34-86. While the 

limitation imposed by ageing techniques is one that will remain until there are more accurate methods 

of ageing it is still something that must be included in the discussion of any palaeopathological work. 

Falys and Lewis (2011) found vast discrepancies between methods applied to assess age of skeletons, 

with the number of age numerical categories being used ranging from three to six and the ranges of 

those categories varying greatly with adulthood being said to begin as young as 14 years of age. 

Descriptive age categories also varied, including between two to six categories and differing use of 

terms such as “young adult”, “mature adult”, “old adult”, and “senile adult” (Falys and Lewis 2011). 
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In addition to the age structure of the population another limiting factor to palaeopathology research 

is the preservation and completeness of the remains. These factors may limit research in several ways, 

by affecting the estimation of age and sex and obscuring the levels of pathology through damage to 

joint surfaces. While some research may choose to focus on spinal pathology, it is important to 

consider the preservation of the full skeleton. If remains are unable to have their age and sex 

estimated to currently accepted standards this needs to be stated so that other researchers are aware 

before making comparisons. This will not necessarily stop comparisons being made between skeletal 

populations of difference levels of preservation but, much like stating any age limitations, it will allow 

for any conclusions drawn to have a more solid basis and allow researchers to be impartial in their 

discussion and understanding the limitations of any conclusions drawn. 

Preservation of skeletal remains will always be a limitation within this field of study, as it is a factor 

that is outside the control of the researcher. There are, however, some ways in which the preservation 

of remains can be addressed within a studies research design. At current, most research will state 

crude prevalence rates (CPR), prevalence by vertebral region or prevalence by vertebrae when 

reporting levels of pathological lesions (Roberts and Cox 2003). CPR is calculated using the total 

number of affected spines as the numerator and the total population as the denominator, it can be 

seen as frequency by individual (Waldron 1991b, Hukuda et al. 2000, Rojas-Sepúlveda et al. 2008). 

Other rates, known as true prevalence rates (TPR), are calculated by dividing the number of affected 

vertebrae by the total number of vertebrae in that spinal region or vertebral level, this calculation can 

be seen as frequency by region or frequency by vertebrae (Hukuda et al. 2000, Rojas-Sepúlveda et al. 

2008). Such frequency calculations may not be much of an improvement over CPR however, as they 

may fail to consider the preservation of remains. While you may have calculated that 14 out of 20 

available C3 vertebrae have signs of joint disease, the calculation does not consider whether all the 

joint surfaces of interest were present in all the vertebrae within that calculation.  

To counteract limitations imposed on comparisons due to prevalence calculation, a new type of 

prevalence rate may be needed, one which focuses on the number of joint surfaces examined. Such a 

prevalence rate could be applied across different methodologies, if it is made clear what constitutes 

a joint surface within that method. At current some research does state what level of joint 

preservation is needed for a surface to be considered (Woo and Sciulli 2013, Becker 2019). Woo and 

Sciulli (2013) stated surfaces were scored when 50% or more of the surface was intact, whilst Becker 

(2019) only used joints with more than 90% surface preservation. This can be extended to ensure that 

studies include exactly how many surfaces were analysed and which joint surfaces were of interest. 

For example, has the study looked at superior and inferior surfaces of each vertebra, or has the study 

further divided this into superior vertebral body, superior left and right zygapophyseal facets etc.? 
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Reporting prevalence rates in terms of joint surfaces somewhat removes issues of different 

preservation rates within the spine between populations and instead reduces it to an issue 

surrounding population size. Differences in population size may be more a more acceptable limitation 

to palaeopathological work as it should be understood sample sizes will never reflect the entire 

population of interest and will be highly dependent on the excavation of the area in which the 

population originated. While some research may choose to focus on spinal pathology it is still 

important to consider the preservation of the full skeleton. If remains are unable to have their age 

and sex estimated to currently accepted standards, this needs to be stated so that other researchers 

are aware before making comparisons. This will not necessarily stop comparisons being made 

between skeletal populations with different levels of preservation, but it will allow for researchers to 

be more aware of the limitations to their work.  

 

4.4.5 Non-human studies 
 

There is a large amount of clinical literature which uses animal models as a proxy for studying joint 

degeneration (Pritzker 1994, Nuckley et al. 2004, Pritzker and Kessler 2012, Vo et al. 2013, Daly et al. 

2016, Gullbrand et al. 2017, Wang, Pelletier, et al. 2018). These studies aim to use animals to track the 

progress of degeneration and the influence that different factors have on the joints. There is also a 

subset of palaeopathological and anthropological studies which aim to investigate joint degeneration 

in animals, using much the same approach as studies which investigate the disorder in humans 

(DeRousseau 1985, Rothschild et al. 1998, Jurmain 2000, Stevanović et al. 2015, Swales and Nystrom 

2015, Plomp et al. 2019). Research using animals is important as it can elucidate the influence that 

different spine biomechanics can have on the diseases progress, as well as providing more information 

on the methods of locomotion that cause degeneration of the spinal joints. As degeneration of the 

spinal joints occurs in other species its sole cause cannot be bipedalism, however, other factors do 

influence the patterns of degeneration seen and these can be explored in non-human research. 

Research into the joint degeneration of non-human primates can provide a perspective on the 

evolution of back pain and bony changes in the spine. Such studies can utilise the remains of both 

archaeological and modern animal populations (Nakai 2003, Swales and Nystrom 2015). Research by 

Jurmain (2000) found lower rates of joint degeneration in African great apes (Pan troglodytes 

schweinfurthii, Pan troglodytes troglodytes, Gorilla gorilla gorilla and Pan paniscus). This was ascribed 

to the difference in locomotion and the biomechanical adaptations in the ape spines as compared to 

a human sample. This is further supported by research into terrestrial, arboreal, and semi-arboreal 

primates by Swales and Nystrom (2015). In this study it was found that terrestrial primates showed 
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higher levels of spinal degenerative joint disorder, indicating again the link between locomotion and 

degeneration of the spine. This research is important as the evolutionary perspective on the 

development of spinal degeneration helps to understand the upright posture of Homo sapiens and 

provides insight into spine health (Sparrey et al. 2014). This is important when considering patterns of 

degeneration in relation to bipedalism and activity, given research has shown patterns of 

degeneration relate to biomechanical properties of the spine (Knüsel et al. 1997, Merwe et al. 2006, 

Plomp, Viarsdóttir, et al. 2015). In addition, studies which examine the process of degeneration in 

relation to ageing, such as DeRousseau (1985), can also help in uncovering the process of 

degeneration.  

There are limitations to the use of animals in research into spinal joint degeneration. The literature 

which looks at degeneration from an anthropological perspective tends to focus on the evolutionary 

development of spinal joint disease (DeRousseau 1985, Jurmain 2000). While the clinical literature has 

a much broader perspective but uses animals as a way of testing the effects of different factors on 

levels of degeneration seen (Vo et al. 2013, Wang, Pelletier, et al. 2018). Animal models may not be 

able to provide an insight into lifestyle in the same way that human studies do, but they do indicate 

that age and physical stresses are important (DeRousseau 1985; Jurmain 2000). Much like research 

into human spine pathologies it is also important to make comparisons with animal palaeopathological 

and clinical literature. These comparisons in the research of humans and animals should help to inform 

future research in all areas concerned and provide greater clarity on where the established literature 

currently stands regarding recording and analysing degenerative joint disorders of the spine. 

4.5 Areas of collaboration and potential future research 
 

4.5.1 Forensic age estimation 
 

DJD has been increasingly incorporated into the methods for determining age at death in forensic 

anthropology (Stewart 1958, Jurmain 1990, Snodgrass 2004, Kacar et al. 2017). It has been suggested 

that by studying the rate of spinal joint degeneration an overarching reference system could be 

created for age estimation, or as in some forensic research, different populations could be used to 

create equations for age estimation (Stewart 1958, Jurmain 1990, Kacar et al. 2017). Modern research 

in to using spine degeneration for ageing has shown that this is possible. A study in Turkey by Kacar et 

al. (2017) used 3D volume rendered CT scans from 564 hospital patients to assess the effect of age 

and sex on osteophyte formation. They found a significant correlation between osteophyte severity 

and age, and so then created equations for upper and lower age limits in males and females utilising 

severity scores. The research did not go on to test the accuracy of these equations. Earlier research by 



154 
 

Snodgrass (2004) using the Terry collection, a documented osteological collection housed at the 

Smithsonian Institute comprised of individuals aged between 14-102 years of age, also showed some 

success using degeneration to calculate age (Snodgrass 2004, Hunt and Albanese 2005). This study 

found correlation between age and osteophyte growth but noted that while ageing patterns were 

similar between males and females, females were more variable than males and would require greater 

confidence intervals in age estimation. 

However, any method created to estimate age on the basis of spinal joint degeneration would be 

heavily population and era specific, a criticism that has been levelled at many standard ageing 

techniques already in use (Falys and Lewis 2011, Hens and Godde 2016). In addition, the development 

of methods for estimation would not be possible in some skeletal populations, as for a method to be 

reliable the age and sex of the individuals should be known (Snodgrass 2004). While this is not a 

problem in the research by Snodgrass (2004) due to the Terry collection being comprised of known 

individuals, many palaeopathological studies are using populations in which the age and sex of the 

remains need to be estimated. In such research this is often using standards that are applied to current 

populations such as those set out by Buikstra and Ubelaker (1994). These standards give broad age 

ranges for the individuals and studies group their remains according to this, or in a similarly broad 

manner. As evidenced by Falys and Lewis (2011) there is considerable variability in the categories 

employed in age estimation. Such variability is potentially inappropriate for a forensic context, where 

stringent guidelines are in place on the admissibility of expert evidence and introduction of novel 

science. 

There are multiple factors which affect the development of joint degeneration in the spine including 

age, weight, nutrition, activity levels, trauma, and genetic predisposition (Jurmain 1977, Crubézy et al. 

2002, Martin and Buckwalter 2002). These factors are too variable and will change with population. 

For example, Shapland et al. (2015) found puberty and bone fusion occurred later in their population, 

which potentially influenced the degeneration of the joints they observed. This means if a 

methodology were to be developed it would have to be carried out using a contemporary population, 

as with Kacar et al. (2017), and not an archaeological one. Even then the age estimation method 

created would only be applicable to a like population i.e., one of a similar ancestral background and 

with the same lifestyle and activity levels and of the same era in time.  

For a methodology to be applicable in a forensic context there are certain criteria that it must meet 

to be considered by a jury. In the United States the standard for admission is quite stringent, as 

outlined in the Daubert and Frye standards (Budowle et al. 2009). While these standards are not 

applicable in the UK courts, the Crown Prosecution Service (2015) has provided guidelines which are 
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similar to the US standards (Crown Prosecution Service 2015, Ireland and Beaumont 2015). These 

guidelines state in part 35 of the criminal procedure rules that to be admitted the scientific evidence 

in question must address: 

• Whether the theory has been tested 

• Whether the theory/technique has been peer reviewed and published 

• The standards for the theory/technique and known or potential error rate 

• Whether the theory is generally accepted by the relevant scientific communities 

 

In addition to guidelines for the admissibility of methods, there are standards that the expert witness 

must meet. These include making sure the expert has relevant expertise in the field and provides 

impartial evidence, but they focus on making sure the evidence provided is reliable (Crown 

Prosecution Service 2015). When considering the reliability of expert witness testimony, the court is 

also advised to be critical of the data and examination that the expert carried out (Crown Prosecution 

Service 2015). In the case of age estimation from spinal joint degeneration a method developed on 

past populations of unknown age and sex will not fulfil the criteria for novel science or expert 

admissibility. Additionally, the use of methods based on spinal joint degeneration would potentially 

generate reasonable doubt in identification of the individual, based on the number of factors which 

can influence degeneration of the spine. 

 

4.5.2 Clinical involvement in bioarchaeology 
 

In the palaeopathological, archaeological, and anthropological literature there is sometimes a lack of 

discussion involving clinical literature. Recent studies such as Zhang et al. (2017) discuss biomechanics 

when trying to explain the differences in joint degeneration of two Shang era Chinese populations. 

They make use of functional spine anatomy to discuss how forces are distributed through bone to 

show which types of activities would cause degeneration in the areas observed. Further, Robson-

Brown et al. (2008) used a cadaveric population to test the biomechanics of the lumbar spine and to 

discuss how forces are distributed by the vertebrae. While this is not the only study on spine 

biomechanics, it is one of the very few studies that examine biomechanics from a palaeopathological 

perspective. This perspective is important to understand past populations and when combined with a 

biocultural approach provides some excellent insights into the way individuals lived in different eras. 

However, it is somewhat limited.  
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Clinical literature provides information on the pathophysiology of joint degeneration, so its inclusion 

in palaeopathological and anthropological research should serve to advance the understanding of the 

pathological conditions encountered (Domett et al. 2017, Beckett and Conlogue 2019). Therefore, it 

would be of interest and use to review the methodologies in the clinical literature to see if they can 

be used to inform and improve archaeological methods being currently used. In addition, by exploring 

the clinical literature it may be possible to better understand the types of movements and activities 

that can cause bony changes in the joints (Zhang et al. 2017). For example, looking into studies in 

sports medicine which analyse the rates of joint degeneration in different athletes could provide data 

on how different activities affect the spine. By including clinical literature, the conclusions that are 

reached by palaeopathologists and anthropologists can be evaluated to see if there is a scientific basis 

for them (Domett et al. 2017, Beckett and Conlogue 2019). For example, it may be found that the 

clinical literature does not support the idea that certain repeated movements create patterns of 

degeneration on the spine and that other causes of bone changes are more important. If this were the 

case, then the inferences made in palaeopathology studies would have to be re-thought. 

As previously mentioned, by combining clinical literature it may also be possible to start investigating 

the QoL of individuals from past populations. If the methodologies for recording spinal joint 

degeneration in a palaeopathological and clinical setting were both evaluated and combined, a 

comparative method could also be developed. This would also allow a direct comparison in the 

mobility and disability of past communities with modern day individuals, which would further expound 

the evolution and course of spinal degenerative joint disease over the course of human history. 

Whilst it has been said that use of clinical data may not always be appropriate, the use of clinical data 

and objective descriptions to produce differential diagnoses has been emphasised (Roberts 2018). The 

importance of clinical literature has been identified in attempts to introduce more scientific rigour to 

palaeopathological approaches and terminology used to describe lesions (Manchester et al. 2016, 

Buikstra et al. 2017, Grauer 2018). Klaus (2017) describes how some anatomists have described the 

use of terminology in palaeopathology as “sloppy”, “inconsistent” and sometimes “just plain wrong”. 

This highlights the need for lists of acceptable terminology, such as the one by Manchester et al. 

(2016), which defines terminology and groups nomenclature by class (anatomical, pathological, 

clinical etc.). While work is ongoing to incorporate clinical literature and standardise terminology, 

there are still issues with the standardisation of recording methods in palaeopathology. This is 

discussed further below. 
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4.5.3 Standardisation 
 

There has been work done within anthropology and palaeopathology to create standardised 

guidelines for skeletal analysis (Buikstra and Ubelaker 1994, Brickley and McKinley 2004, Steckel et al. 

2005). Such work, when universally applied, should enable easier comparisons between studies. 

However, further work could be done through research into inter and intra observer error of the 

methods currently used in spinal degeneration research to see if they are being applied consistently 

by researchers. By comparing the reliability of the methods currently used, it would be possible to find 

a suitable method which can then be carried forward into joint degeneration research, making results 

easier for researchers to understand and evaluate. Additionally, the integration of current clinical 

literature into recording methodologies will help create a more unified and standardised approach, 

which can be used to make comparisons with modern populations. 

Work by Buikstra and Ubelaker (1994) created a set of standardised guidelines to record various 

aspects of the biological profile. Their guide has been widely used since its inception providing a 

concise view of the golden standards for sex, ancestry, age, and stature estimation. Their guide on 

recording pathological lesions is more complex with a variety of different codes being used to 

represent different aspects of pathology. There is one section of the Buikstra and Ubelaker (1994) 

guidelines dedicated to pathological lesions of the vertebrae and while it covers many individual 

pathological lesions, the descriptions provided are not as in depth as other areas of the standards. 

Potentially because practitioners are expected to use a combination of codes from other chapters of 

the standards to record more complex pathological lesions. There is potential for this to be quite a 

time-consuming endeavour due to the number of chapters and codes which are included within the 

standards. Although there is one section of the standards dedicated solely for the grading and 

recording of lesions due to osteoarthritis. This means the recording of osteoarthritic changes may be 

easier than more complex pathologies with a mixture of different lesions which would require codes 

from different areas of the standards book. Within the standards there are also a series of recording 

forms. The form that is presented for recording of pathological lesions does not leave a lot of room to 

record in any detail, especially in the recording form for the spine. This was a deliberate choice made 

by Buikstra and Ubelaker (1994) who state the standards are for the recording of “minimal amounts 

of information” to provide basic usable data. Given the level of analysis undertaken for some research 

into degeneration of the spine, as well as the potential number and complexity of the bony elements 

that may be analysed in a single set of remains, it is understandable that researchers may not always 

utilise this form. Additionally, while Buikstra and Ubelaker (1994) have attempted to create a 
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streamlined recording system, it has still been criticised for being cumbersome to use, particularly in 

commercial archaeology (Roberts 2018). 

Further attempts at standardisation were created by Steckel and colleagues (Steckel et al. 2005) in the 

creation of the global history of health (GHOH) codebook. This codebook, aimed more at use in 

palaeopathology, was designed to allow multiple health factors to be recorded in populations around 

the world. This codebook is like the guidelines provided by Buikstra and Ubelaker (1994) and includes 

guidelines for standard skeletal estimation such as age and sex. But it also includes a series of 

recording guidelines for the nine skeletal and dental lesions used by the GHOH project in their 

research. These factors cover subadult growth and development, signs of nutritional deficiency, 

trauma and infection, as well as osteoarthritic changes within the joints. The work done by the GHOH 

project is represented in the publications “The Backbone of History” (Steckel and Rose 2002) and “The 

Backbone of Europe” (Steckel et al. 2018) and involved numerous countries around the world. The 

standards used within the project can be added together to create a health index for a population. 

This index then allows for easier comparison of health between populations. The work done is 

potentially the fullest representation of health around the globe throughout history that has been 

published to date. Within this research, however, there are some limitations. These are discussed, 

mainly focusing on the calculation of the health index, in the publications of Steckel and colleagues 

and will not be covered here (Steckel and Rose 2002, Steckel et al. 2018). More specific limitations of 

the recording methods themselves are not discussed within these publications, however.  

The method proposed within the GHOH codebook and literature focuses on the diagnosis of generic 

degenerative joint diseases in the peripheral joints as well as the spine, focusing solely on changes of 

the vertebral body. The method for recording degeneration in the spine is not unlike those presented 

elsewhere, such as in Sager’s thesis (1969) or the standards created by Buikstra and Ubelaker (1994). 

Steckel et al. (2005) stated that the degenerative joint changes of the vertebral bodies are a good 

measure of age-related degeneration within a population, thereby providing a relevant contribution 

to their overall health index calculation. The images presented in the codebook are a fair 

representation of the traits that are required to diagnose the severity of degeneration (Figure 4.2). 

They are similar to the images created by Sager (1969)  for grading vertebral osteoarthritis in his thesis. 

It is in the application of the method and analysis of results, however, that problems begin to arise. 

For a skeleton to be included in the research, they must have at least two vertebrae per area of the 

spine (cervical, thoracic, lumbar) (Steckel and Rose 2002). But when presenting research on the levels 

of degeneration across multiple populations, the number of vertebrae analysed by population is not 

specified (Steckel and Rose 2002, Steckel et al. 2018). This means that while there may be trends 
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evident from the comparison of the overall health index, trends created may be false if one population 

has more vertebrae being analysed and included than another.  

 

 

 

 

 

 

 

 

The method is also limited by which pathological lesions of the spine it analyses. It simply asks 

researchers to record the severity of the changes on the vertebral body, ignoring the zygapophyseal 

facet joints. The changes recorded on the body pertain to degenerative joint disease, a condition 

which is stated to be representative of “wear and tear” in the joints relating to the lifestyles of 

different individuals and populations. This is not a controversial statement and is the basis of much 

research in palaeopathology. But ignores other conditions that could also be factors of lifestyle 

differences. Researchers admitted in the first GHOH publication that Schmorl’s nodes should also be 

considered and added their own research on these lesions into their work (Steckel and Rose 2002). 

When it came to the second GHOH publication, these lesions were still not considered (Steckel et al. 

2018). While the focus of the GHOH codebook on degeneration of the vertebral body is good and 

clearly helps to create the overall health index by which multiple populations can be compared, it 

misses some nuance in its understanding of how an individual’s lifestyle can affect their vertebrae 

through changes to other joint surfaces. The codebook includes measurements for DISH, but there is 

no cross-population discussion of this disease in the GHOH publications. Within the codebook DISH is 

scored as (Steckel et al. 2005): 

• 0 - no vertebrae available 

• 1 - no evidence of DISH 

• 2 - some or all features of DISH  

This scoring is based on presence or absence of DISH in an individual, like other diagnostic methods, 

for example Waldron (2009). The codebook, however, does not provide a category for “early DISH”, 

in the manner of Waldron (2009). It is possible that in lacking a category for early or potential DISH 

Figure 4.2. Images used to guide grading of vertebral osteoarthritis (Steckel et al. 2005). 
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there is a gap in possible research methods. For example, in a population with known or estimated 

ages there could be a study on which age group is most likely to see the onset of DISH, and this could 

potentially be compared to modern data. However, this was not included to limit the over or 

misdiagnosis of DISH (Steckel et al. 2005). What is clear is that the work of Steckel and colleagues 

emphasises the importance of inter-disciplinary approaches to help researchers better explain the 

lesions being observed. This inter-disciplinary approach, investigating historical sources and using 

social theory, when combined with a deeper analysis of pathological conditions of the spine may 

potentially elucidate the levels of social care in past populations. This would add another layer to the 

comparisons of different populations and provide a more complex and representative look of spinal 

health through history. 

Not only is there a need to have the data recorded in a more comparable way, but there is also a need 

for there to be some guidelines or recommendations on how to analyse and present the data. 

Currently there are many ways in which researchers present their data on joint degeneration. For 

example, Jurmain (1990) and Knüsel et al. (1997) presented the scores per joint by adding together 

the scores of the superior and inferior surfaces of the joints across two vertebrae. However, Jurmain 

(1990) presented the results as an average across the spine, while Knüsel et al. (1997) presented all 

the values for each individual. In contrast Derevenski (2000) and Rojas-Sepúlveda et al. (2008) 

presented the results in multiple ways. Both present the severity of degeneration for each vertebra in 

graphs (Figures 4.3 and 4.4).  

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Graphs from Derevenski (2000) depicting the severity of osteophyte growth on the vertebral bodies of the 
males and females in one of the populations studied.  
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These graphs are excellent ways to visualise changes in severity at different levels in the spine. When 

combined they provide a very easy way for the reader to compare severity between the sexes or 

between different populations. Additionally to this, these studies also present the number of times 

the different degenerative characteristics are present by individual, by section of the spine and in the 

case of Rojas-Sepúlveda et al. (2008) analysed by age (Derevenski 2000, Rojas-Sepúlveda et al. 2008).  

Researchers that only present their results in a single format are limiting the number of comparisons 

to other studies that can be made. To try and combat this, Rojas-Sepúlveda et al. (2008) specifically 

presented their data in multiple formats to allow other studies using different methods a means of 

comparing their data. While this is admirable it is also very time consuming for researchers to have to 

present their data in so many ways. It may also not be useful to have multiple data presentations as it 

may convolute reader’s understanding of the data, creating additional problems in making 

comparisons between studies. It may also be that multiple data presentations require a large amount 

of data manipulation, which could alter the nature of the data itself causing loss of information (Wylie 

2017). There is a need in archaeology to clarify and include para-data such as recording processes, 

sampling approaches and how data is processed in order for other researchers to understand fully the 

lifecycle of the data (Wylie 2017).  It would be useful for future research to try and create a more 

standardised method which would include recommendations on data presentation and what data to 

include in publications to facilitate further research by other individuals. However, overly stringent 

criteria could also lead to a loss of information, leading to important trends in data being missed. 

As mentioned previously, in the comparisons carried out by Navitainuck et al. (2013) the different 

preservation of remains made adequate comparisons difficult. If in the future clinical and 

Figure 4.4. Graphs from Rojas- Sepúlveda et al. (2008) showing the severity of pitting (A), joint surface contour change (B) and 
osteophyte growth (c) on the vertebral bodies of the population studied. 
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palaeopathological literature are to be analysed concurrently this issue will become especially 

relevant. Clinical literature can use a variety of imaging techniques, ranging from radiographs to MRIs, 

to capture images of spines from both living and deceased individuals. In each instance the spines 

being analysed are complete, whilst in palaeopathological and archaeological literature the remains 

used are of varying quality and completion. This means that any conclusions drawn are not made using 

the whole spine or fully intact vertebra, and with no knowledge of the state of the soft tissue attaching 

to the spine. While this cannot be helped due to the nature of the materials that are being analysed, 

some of the methods currently implemented across studies do not compensate for this issue. Knüsel 

et al. (1997) tried to make up for missing values in their study by averaging the joint values for each 

section of the spine in each individual and then using these values. They said that this is more accurate 

way to calculate missing values than by averaging scores across the whole spine (Knüsel et al. 1997). 

This is true to some extent as different types of vertebrae carry out different functions and should 

therefore show different levels of degeneration between individuals. However, it is still questionable 

to substitute in any missing values and then use these in statistical tests as though they were true 

values. Any method that would potentially be developed should aim to provide allowances for totality 

of remains and analyse them statistically in a way that allows for degeneration to be measured in 

terms of the numbers of joint surfaces that were examined. In this way results will be more 

comparable and not over or underestimate the level of degeneration in a population. 

In addition to standardisation of recording methods and results, there is potentially need for more 

stringent criteria for the populations that are being studied. One criticism of palaeopathology studies 

on activity is that collections are simply used because they were available, and not because of the 

suitability of the remains to answer the questions being asked (Meyer et al. 2011). Studying 

degeneration in terms of joint surfaces could help when comparing populations with different 

preservation levels. However, there is a need to re-evaluate inclusion criteria for specimens and 

collections. As stated by Meyer et al. (2011), populations to be studied should have an adequate 

number of specimens to provide enough data for analysis and so strong conclusions can be reached. 

If a collection to be studied is relatively small then the remains should be from as small a period as 

possible, to ensure it is only one specific population that is being studied at a time. If a small collection 

covers many time periods, then there may be no patterns visible as each comes from a different 

population with contrasting lifestyles (Meyer et al. 2011). Also, collections should have some 

documented information about them, whether it be archaeological artefacts or actual written 

documents. This evidence will assist when attempting to understand the patterns of degeneration 

seen in the population (Meyer et al. 2011). 
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Despite the work that has been done previously to try and create a standardised methodology which 

can be utilised across studies and skeletal populations there is still no consensus on the appropriate 

method when recording the pathological lesions of the spine. A recent paper published by Becker 

(2020) looked at standardisation in osteoarthritis, entheses and long bone cross sectional geometry. 

The paper provides an interesting discussion on methods for recording osteoarthritis as well as 

discussing a need for the use of more clinical literature within palaeopathology (Becker 2020). 

Ventades et al. (2018) also provided a modern look at joint disease with the creation of a recording 

form for differential diagnosis of arthropathies. They used a multi-faceted approach which combined 

archaeological and biomedical research to create a stepwise standardised approach to identification 

and diagnosis of joint disease, providing support for standardisation and an inter-disciplinary approach 

that uses more clinical input, alongside multiple publications and an entire issue of the International 

Journal of Paleopathology (Buikstra 2017) dedicated to the discussion of standardising methods 

(Jurmain 1990, Lovell 1994, Larsen 2015, Domett et al. 2017). Evidently there is still work that needs 

to be done in terms of creating a standardised method so that going forward researchers can make 

better comparisons between studies. However, only looking forward at the research which may be 

achieved by standardisation is to ignore the work that has already been undertaken. Research should 

investigate how comparable currently utilised methods are, and how different methods of disease 

identification have affected diagnosis and recording of pathological lesions within the spine. 

 

4.5.4 Reliability of methods 
 

Closely linked to the development of standardised methods is the need for inter observer testing. 

Observer agreement is not an area that has been greatly explored in the palaeopathological literature 

and is required as a first step towards validating current methods. Testing the reliability of methods 

will provide confirmation that methods are being utilised in the same manner by practitioners, 

ensuring comparability of data (Jacobi and Danforth 2002). Once this is established, reliable methods 

can then provide a basis for standardisation (Curate et al. 2016).  

Attempts have been made in some areas of skeletal pathology recording e.g., Harris lines, entheses, 

porotic hyperostosis, cribra orbitalia, and vertebral compression fractures (MacChiarelli et al., 1994; 

Jacobi and Danforth, 2002; Curate et al. 2016; Wilczak et al., 2017). These are not related to joint 

changes but can offer a picture of how sparse such research has been. The most pertinent studies 

examining degenerative joint diseases were by Waldron and Rogers (1991), who looked at observer 

error recording in osteoarthritis, and Bridges (1993) who compared different methods for recording 
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osteoarthritis and their outcomes. There are multiple issues with this research. One key issue in 

Waldron and Rogers (1991) is that they ask participants to grade bone changes from 1 (least severe) 

to 3 (most severe) despite the guidelines for this study being based on work which does not describe 

how to grade the severity of joint changes (Rogers et al. 1987). However, Waldron and Rogers (1991) 

and Bridges (1993) are some of the only attempts to measure the differences in observer scores and 

method types with regards to joint disease that could be found in the literature. This is worrying given 

the age of these papers, showing that despite the warnings found in the respective discussions of 

these publications, research has still been conducted using potentially unreliable methods. 

Additionally, these studies focus purely on osteoarthritis across different joint surfaces, which means 

that the reliability of methods to diagnose other diseases has not been assessed. It was found in the 

study by Waldron and Rogers (1991) that the spine had the lowest levels of agreement out of all the 

joints studied, which shows that recording of joint changes in the spine may be more problematic than 

in other areas of the body.  

The most statistically rigorous of the inter observer studies is Wilczak et al. (2017). In this study, 

Cohen’s Kappa, and its variants (Fleiss’s Kappa and Krippendorff’s Alpha) were used to test the 

observer error in recording osteological changes of muscle attachment sites using several methods. 

Krippendorff’s alpha is a reliability coefficient that is used to measure the agreement amongst 

observers. It is an appropriate test for observer agreement within palaeopathological studies as it is 

applicable to:  

• any number of observers, not just two like Cohen’s Kappa  

• all sample sizes, as it corrects itself for varying amounts of data  

• different scales of measurements e.g., nominal, ordinal, etc.  

• scales with multiple conditions, not just two conditions like Cohen’s Kappa  

• data with missing values e.g., if one specimen does not have all characteristics being graded 

present (Krippendorff 2004a, 2004b) 

More research testing the inter observer reliability of current methods for diagnosing joint diseases is 

needed, particularly in how practitioners identify changes in the spine. Such research, if using a 

statistically rigorous test such as Krippendorff’s Alpha, would provide a unique insight into methods 

currently employed. It would also provide a basis for future research developing methods for disease 

identification and recording.  
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4.6 Identification of methods within the literature 
 

The methods used by practitioners depends on the research questions being examined and the 

practicalities of any work being undertaken. For example, studies using severity scales focused mainly 

on degenerative joint disease in the spine, while studies identifying other pathological conditions of 

the spine such as DISH used methods focusing on presence or absence. Before any studies could be 

undertaken to fulfil the research aim of establishing the reliability of current methods, it was necessary 

to gain a more explicit understanding of the methods employed to identify and record spinal joint 

pathology. A search of palaeopathological literature and unpublished archaeological reports (grey 

literature) was undertaken to identify the methods for recording spinal degenerative joint disease that 

are most cited. 

Literature was sourced from Web of Science and Google Scholar using key terms; “spine joint 

pathology” “vertebral pathology” and “degenerative joint disease spine”. Results in Web of Science 

were further refined by selecting the archaeology and anthropology filters from the “Web of Science 

categories”. In Google Scholar, search terms were used multiple times adding “archaeology” and 

“anthropology” as suffixes one at a time in a consecutive manner.  

Studies were included in the analysis if there was access to the full text. Papers which were not fully 

available, or not available in English were discounted. Only research into human skeletal material was 

included. Papers exploring pathology of appendicular joints were included if there was discussion of 

the axial joints and specific references were used for the recording method of the axial pathology. 

Papers were discounted based on not containing a specific reference relating to the methods used to 

record spinal pathology. Review articles were discounted as they did not have citations for recording 

methods. Books were discounted due to lack of access to the full text. Theses were not included at 

this stage of the analysis, as the focus was on published literature. Results were duplicated across 

search platforms and within searches, any repeated papers were deleted. Overall, this led to the 

inclusion of 54 research papers examining a mixture of non-axial joint pathology and more specifically 

at spinal joint pathology, as seen in Figure 4.5. 
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Figure 4.3. Search process for literature on Web of Science and Google Scholar 

 

Unpublished archaeological reports were sourced from the Archaeological Data Service (ADS). Both 

the library and archive were searched for reports. Key words used were “bone” and “vertebrae”, more 

specific search terminology (i.e., osteoarthritis) was tried but this severely limited the search results 

and so searches were opened to include “cemetery” and “burial”. During the search, reports were 

read to establish the presence of human remains and not animal bone. While animal studies were 

found to be a useful part of the general literature review, the aims of this study were to establish 

methods used in recording spinal pathology in human remains, and therefore, reports recording 

animal remains were removed. Reports examining cremated remains were individually reviewed to 

see if they included recording spinal pathological lesions. If they did not contain such information they 

were removed. After filtering the number of pertinent reports was quite low. Some reports such as 

watching briefs could not be used despite the mention of human remains because they did not contain 

any discussion of the pathology. Of the reports which did mention pathology, not all included sufficient 

analysis or discussion to warrant inclusion. Figure 4.6 shows after the removal of these studies only 

48 written reports and 2 sets of data were available. 

Final inclusion of papers

54 published articles had full texts available for download and analysis

61,398 refined papers were analysed

61,344 papers were discounted
Exclusion due to: no access, language, non-human 

study, irrelevant research,  no specifc method 
referenced, not original research

Results were generated and refined

746, 637 results were generated
Narrowing inclusion criteria: research category: 
archaeology, anthropology. Additional terms: 

archaeology, anthropology

Initial searches on Web of Science and Google Scholar

6 initial Searches
Search terms: spine joint pathology, vertebral 

pathology, degenerative joint disease
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Figure 4.4. Search process for reports on the ADS website 

 

Figure 4.7 looks at the results of the archaeological literature and shows that Rogers and Waldron 

(1995), Buikstra and Ubelaker (1994), and The British Association for Biological Anthropology and 

Osteoarchaeology (BABAO) (2004) were the methods most frequently referenced in the published and 

unpublished literature in the UK. Each was cited 10 times in archaeology reports. Also prevalent was 

“unknown” methods, this was due to several reports simply providing a qualitative description of 

pathology with limited diagnosis, usually in the form of a table in the appendix. These summary 

reports did not cite the methods used in recording. In addition, two reports only provided quantitative 

data, and therefore, a specific method of recording could not be assigned. 

The next most prevalent method was that derived from the 1969 thesis by Sager for recording 

degeneration of the vertebral bodies and zygapophyseal facet joints. This method is referenced in the 

guidelines provided in Brothwell (1981), as well as being the preferred method for scoring joint disease 

in the BABAO (2004) standards. The method is not recommended in the updated guidelines, which 

state lesions should not be ‘lumped together to indicate severity’ as ‘an increase in the extent of one 

lesion may not necessarily be paralleled by an increase in extent of another’ (Roberts 2018: p45).  

 

Final inclusion of papers

48 written reports and 2 data sets were available for download and analysis

Results were generated and reports excluded

18,175 results were generated
Exclusion criteria: animal bone, no spine 

pathology, no discussion of pathology, no 
recording methods 

Initial searches on the ADS site, both the library and archive

8 initial Searches Search terms: bone, vertebrae, cemetery, burial
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Figure 4.5. The methods that were most referenced in the 50 unpublished archaeology reports, some studies referenced 
multiple standards. * English Heritage guidelines 2002/04, † Roberts and Manchester (2003) “Archaeology of Disease”, ‡ 
Ortner “Identification of Pathological Conditions”, § Sager (1969) thesis as referenced in Brothwell (1981) “Digging up Bones”, 
¶ No overarching recording standard provided, # BABAO Standards (2004), ** Buikstra and Ubelaker (1994) “Standards for 
Data Collection”, †† Rogers and Waldron (1995) “Field Guide to Joint Disease in Archaeology”  

Figure 4.8 shows researchers within published literature tended to use their own methods.  

 

Figure 4.6. The methods that were referenced in published palaeopathology, archaeology and anthropology literature. * Own 
methods † Rogers and Waldron (1995) “A Field Guide to Joint Disease in Archaeology” ‡ Buikstra and Ubelaker (1994) 
“Standards for Data Collection” § Sager (1969) thesis as referenced in Brothwell (1981) “Digging up Bones” ¶ Rogers et al 
(1987) “Arthropathies in Palaeopathology” # Ortner (2003) “Identification of pathological conditions”  ** Knüsel (1997) 
“Comparative degenerative joint disease” †† Resnick “Diagnosis of Bone and Joint Disorders” ‡‡ Üstündağ (2009) “Schmorl’s 
Nodes”  §§ Lovell (1994) “Spinal Arthritis and Physical Stress”  ¶¶ Lutter (1984) MD Dissertation  ## Global History of Health 
Project (2002) Standards   *** Rogers and Waldron (2001) “DISH at Merton Priory”  ††† Stewart (1958) “The Rate of 
Development of Vertebral Osteoarthritis” 

However, in some of these studies, as seen in Figure 4.9, while researchers did create their own 

recording protocol, they were partly based on other methods used in published research. 
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Figure 4.7. Breakdown of studies using their own method. * Did not reference any other sources † Rogers and Waldron 
(1995) “Field Guide” ‡ Rogers et al (1987) “Arthropathies in Palaeopathology” §  Buikstra and Ubelaker (1994) “Standards 
for Data Collection” ¶ Lovell (1994) “Spinal Arthritis and Physical Stress”  # Knüsel (1997) “Comparative degenerative joint 
disease”   ** Ortner (2003) “Identification of pathological conditions”  †† Lutter (1984) MD Dissertation   

 

Across both the published literature and unpublished reports, the most cited methods came from 

Rogers and Waldron (1995), Buikstra and Ubelaker (1994) and Sager (1969). When all sources from 

Rogers and Waldron were combined, they were by far the most cited methods (Figure 4.10). Also 

referenced were older versions of the textbook by Ortner (Ortner and Putschar 1981, Ortner 2003). 

These were the only four authors and methods referenced in both the archaeological and 

palaeopathological literature.  
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The three most cited methods for recording pathological spinal lesions were selected to be carried 

forward into the next stages of analysis in the thesis (questionnaire and inter observer testing). The 

three methods selected were:  

1. The diagnostic criteria from Rogers and Waldron (1995) “A Field Guide to Joint Disease in 

Palaeopathology” 

2. The method for grading severity of degenerative joint disease by Sager (1969) “Spondylosis 

Cervicalis” 

3. The method for identifying and grading bony changes to the vertebrae provided in Buikstra and 

Ubelaker’s (1994) “Standards for Data Collection from Human Skeletal Remains” 

 

4.7 Chapter summary 
 

Apart from diseases of the dentition, degenerative changes of the joints are the most commonly 

recorded pathological lesion in skeletal populations (Jurmain 1990, Waldron 2009, Ortner 2011). 

Degenerative changes are an expected consequence of aging but can be made worse by high levels of 

physical stress. Investigations into the level of spinal degeneration are commonly found in the 

palaeopathological literature. These studies can help understand the lifestyles of past populations. 

When compared, studies can then provide knowledge regarding the health consequences of physically 

active lifestyles. 

Recording of degeneration in the spinal joints is highly variable between studies. This means 

comparisons between studies are limited. It would be of benefit to further evaluate methods used 

and test them for inter and intra observer error rates. The outcomes of this study would then highlight 

any areas of disease identification and recording which may need improvement. If high replicability 

were found, then it may be that studies need to be more consistent in which method they utilise. To 

test inter observer rates requires understanding of the methods currently implemented in 

palaeopathology. This review is presented in the following chapter.  
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5. Materials and Methods 
 

5.1 Ethics 
 

Ethical permission was sought to carry out a questionnaire. The letter of ethical approval for this 

study is presented in Appendix 10.1. Ethical permission was also sought to carry out an intra and 

inter observer error study. The letter of approval can be seen in Appendix 10.2. 

Participant responses for both studies remained anonymous. Taking part in both studies required 

individuals to read a participant information sheet. For the online questionnaire  individuals clicked a 

button to say they consented. No personal information was collected in the questionnaire, nor did the 

hosting site collect location information on respondents. This ensured responses could not be traced. 

The inter observer study required a signed consent form. The consent and recording forms for the 

inter observer study had pre-generated participant codes. These were generated by month and 

participant number, e.g., the first participant in December 2020 was “1201” while the first participant 

in January 2021 was “0101”. Once forms were returned, the consent forms with participant names 

were stored separately by a third party so that the primary researcher was not aware of the identity 

of participants. Data analysis was then conducted using only the participant codes.  

Data for all studies was stored in line with the University of Dundee data protection requirements. 

 

5.2 Materials 
 

5.2.1 Questionnaire materials 
 

To fulfil the thesis aim of establishing the methods practitioners use to record and diagnose 

degenerative diseases in the spine, it was deemed important to get more detailed information directly 

from researchers themselves. Therefore, a questionnaire was designed to gather information on the 

methods and diagnostic criteria used by academic and commercial archaeologists when examining 

degenerative spinal joint diseases. 

The aims specific to this questionnaire were: 

• To establish the methods that practitioners are using to record degenerative spinal diseases 

• To establish the current diagnostic criteria for degenerative spinal diseases used by 

practitioners 
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• To see if there were any differences in the methods employed by those with different levels 

of experience 

The null hypothesis of the study was that there would be no difference in the methods and criteria 

used to identify and record degenerative spinal diseases between practitioners with different levels 

of experience. 

To fulfil the aim of gathering more detailed information on the recording and identification methods 

for spinal joint diseases in use in palaeopathology a combination of closed and open-ended questions 

was used. Questions were divided into three sections.  

The initial section of the questionnaire was designed to gather information about the participants’ 

level of experience in working with skeletal remains and explicitly with recording vertebral 

degenerative conditions, so that respondents to the questionnaire could be divided into those with 

more and less experience in working specifically with vertebrae. For this study experience is defined 

by the number of years working with human remains, how frequently participants carry out skeletal 

analysis and, as an extension of this, their specific experience working with and carrying out research 

on vertebrae. Research in the questionnaire was defined as having undertaken a specific study outside 

that of general data recording, for example to explore disease prevalence in a population. Research 

background was established in two ways, whether participants had undertaken a study looking into 

skeletal pathology in general and whether they had undertaken research specifically into vertebral 

pathology.  

The second section pertained specifically to the methods used in recording vertebral pathology. This 

section allowed open ended descriptions of methods and the ways participants analysed remains. This 

was designed to allow participants to provide an in-depth description of their working processes. 

Participants were also asked the source of their methods, e.g., whether they were from published 

journal articles or based on employers’ guidelines. In line with the initial review of commonly cited 

methods, participants were asked to identify the sources they use when writing reports, so that 

commonalities in referencing could be identified. This section of the survey also included closed ended 

questions to explore the specific forms which individuals use, to see if they use widely available 

recording forms, such as those available within Buikstra and Ubelaker’s (1995) “Standards” textbook, 

or if they have their own forms. This also included scope to see if respondents used databases instead 

of forms, or a mix of both, and if participants were using institutional or professional body specific 

recording materials. Questions regarding recording methods aimed to try and see the differences and 

similarities in recording lesions, regardless of the methods being used to identify lesions. A very wide 

difference in the act of taking notes on skeletal pathology could potentially compound later 



173 
 

differences in methods applied to try and diagnose any pathologies seen as some forms may require 

more detailed analysis of the remains than others.  

The final section of the questionnaire explored methods for identifying vertebral pathological 

conditions by asking participants to rank the characteristics of spinal OA, DDD, AS, and DISH. These 

were selected as they are commonly encountered pathological conditions, as seen within the 

literature review. Disease characteristics participants ranked were selected from the three most 

common methods identified during Chapter 4.6, with an additional option of “other” which would 

allow participants to list any further characteristics they felt were key in the analysis of that disease. 

These closed ended ranking questions were then reinforced with open ended questions asking 

participants to describe, in their own words, the characteristics that they search for to help identify 

these conditions. These questions were designed to see which characteristics practitioners felt were 

the most crucial in identifying pathological conditions and to see if there were commonalities in the 

terminology used to describe these conditions.  

The final questionnaire can be seen in Appendix 10.3. 

 

5.2.2 Intra and inter observer materials 
 

Following the identification of common methods, as seen within Chapter 4.6 and within the 

questionnaire, it was the aim of this thesis to test their reliability. Therefore, an inter observer study 

using photographic images was designed based on the methods identified in Chapter 5.  

The aims of this inter observer study were: 

• To establish the inter and intra observer error rates of the three most common methods for 

identifying and recording degenerative spinal diseases  

• To assess if there are differences in interobserver concordance related to levels of 
experience when using the three methods.  

The null hypotheses of the study were that there would be no significant differences in the reliability 

of the three methods being tested, and that there would be no significant difference between 

practitioners with different levels of experience. 
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5.2.2.1 Rationale for the inter observer study 

 

An inter observer analysis using photographs is included in this thesis because of the following 

reasons. The use of photographs in differential diagnosis, so called “palaeophotography”, has a long 

history (Beckett, 2014). Photographs have been a crucial tool in the documentation of remains before 

destructive sampling or re-burial, as well as a key part of many textbooks and educational materials 

(Beckett 2014, Smith et al. 2019, Marla-Toyne 2020). Use of imaging, both 2D and 3D, enables quick 

sharing of data and helps to preserve remains. With concerns regarding terminology used to describe 

pathologic lesions within bioarchaeology, high quality photographic documentation is important to 

provide a record of lesions which can easily be assessed. Increasing numbers of studies have 

investigated the use of 2D and 3D imaging for different applications in advancing the documentation 

of remains and quantifying pathological lesions (Bekvalac 2011, Paja 2012, Plomp 2013, Novotny 2019, 

Baker 2020, Biehler-Gomez 2020, Toyne 2020). Whilst guidelines for sharing images is ongoing (Smith 

et al 2019, Baker 2020), use of photographic evidence in skeletal analysis is likely to continue for the 

creation of databases and provision of virtual identification services. For example, databases such as 

the Archaeology Data Service and Wellcome Osteological Research Database, as well as online 

identification by companies such as Alecto Forensics, and the Virtual Anthropology Consultancy 

Service at the University of Dundee (Alecto Forensics 2022, Archaeology Data Service 2022, University 

of Dundee 2022, WORD database 2022).  

 

5.2.2.2 Development of participant guidelines and recording form 

 

The methods tested in this study were those identified in Chapter 4.6. Information for the guidelines 

was extracted directly from the original sources with minimal editing to preserve the original text as 

much as possible whilst also ensuring guidelines were clear. No terminology was changed.  The 

characteristics included within the guidelines, whilst directly from the methods, matched those 

participants were asked to grade within the questionnaire. This was done to allow the comparison of 

the observer error of characteristics to their importance, as graded by questionnaire respondents. 

Where available, images were also provided from the source texts, but these were not included in the 

thesis (post-viva) due to copyright. In Buikstra and Ubelaker (1994), section 7 “vertebral pathology” 

covers disorders such as spondylolysis, spondylolisthesis, and spina bifida. These conditions, whilst 

covered in the literature review for comparison to other diseases, are more related to congenital 

factors than degeneration and conditions of the vertebral joints and were therefore removed for this 

study. Section 8 “Arthritis” of Buikstra and Ubelaker (1994) was included as this section pertained to 



175 
 

arthritic changes and recording osteophytic growth, etc., which was a commonality across all three 

methods.  

Methods were not named in the guidelines to try and stop participants from relying on previous 

knowledge or preconceptions of methods and instead to focus on the text as presented. Methods 

were simply identified as method 1, 2 or 3. The first method was Buikstra and Ubelaker (1994), the 

second was Rogers and Waldron (1995) and the third was Sager (1969).  

The guidelines also featured a diagram of a vertebra with relevant bony landmarks labelled (Figure 

5.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.1. Diagram provided to clarify bony landmarks of the vertebrae. (Image by author) 
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This is because in their inter observer error study, Rogers and Waldron (1991) found that the scoring 

of OA in the vertebrae was highly variable amongst participants. The “most charitable” explanation 

that Rogers and Waldron (1991) could provide was that individuals were scoring the wrong joint. 

Inclusion of the diagram should have mitigated any misidentification if this was indeed a factor in the 

Rogers and Waldron (1991) study. 

The recording form commenced with demographic questions which matched those from the 

questionnaire. This was followed by sections for recording responses to each individual method, which 

are summarised below. The full version of the participant guidelines is in Appendix 10.4, with the 

recording form in Appendix 10.5.  

 

5.2.2.2.1 Method 1 – Buikstra and Ubelaker (1994) 

 

For this method, participants were asked to make 10 different observations on the superior and 

inferior surfaces of 12 vertebrae from 11 different skeletons. The 11th and 12th vertebrae were fused 

and comprised a single specimen. In addition to the observations, participants also had to state 

whether osteoarthritis was present according to the description provided in the guidelines for this 

method. Pathological lesions participants looked for were: 

1. Osteophytes  

2. Lipping: degree 

3. Lipping: extent 

4. Surface porosity: degree 

5. Surface porosity: extent 

6. Eburnation: degree 

7. Eburnation: extent 

8. Surface osteophytes 

9. Periarticular resorptive foci 

10. Periarticular resorptive foci: extent 

 

Only osteophytes were graded on the superior and inferior vertebral bodies while the remaining nine 

traits were graded on the superior and inferior zygapophyseal facets. Participants were asked to mark 

traits which were absent on the vertebrae as “N/A” as the scales used in this method only ran from 

grades 1-4. Information and descriptions in the recording form came Section 7 “Vertebral pathology” 



177 
 

(Buikstra and Ubelaker 1994, p121) and section 8 “Arthritis” (Buikstra and Ubelaker 1994, p122). The 

form for recording vertebral pathology from Buikstra and Ubelaker (1994) could not be used as it did 

not provide enough space for participant responses, so a new form was designed (Table 5.1). 

 

Table 5.1. Recording table for a single vertebra in method 1 (Buikstra and Ubelaker 1994) 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 

OA present: N/A 

 

5.2.2.2.2 Method 2 – Rogers and Waldron (1995) 

 

This method was diagnostic and required practitioners to state whether DDD and OA were present or 

absent in the remains according to the characteristics described. This method used 10 individual 

vertebrae and two sets of fused vertebrae from 12 skeletons. Descriptions for these diseases came 

from chapter 3 “Osteophytes” (Rogers and Waldron 1995, p27) and chapter 4 “Osteoarthritis” (Rogers 

and Waldron 1995, p32-33, 44).  
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This method does not feature a recording form, so a new form was designed (Table 5.2). 

 

Table 5.2. Table for recording all responses in method 2 (Rogers and Waldron 1995). 

Specimen Osteoarthritis Degenerative Disc Disease 

1 
 

  

2 
 

  

3 
 

  

4 
 

  

5 
 

  

6 
 

  

7 
 

  

8 
 

  

9 
 

  

10 
 

  

11 
 

  

12 
 

  

 

 

5.2.2.2.3 Method 3 – Sager (1969) 

 

The method by Sager (1969) was specifically developed for use in OA. Participants were required to 

examine the superior (“cranial”) and inferior (“caudal”) vertebral body and zygapophyseal facets of 12 

vertebrae from 11 different skeletons. The 11th and 12th vertebrae were fused and comprised a single 

specimen. This method involved analysing specimens for the extent of unaffected bone and the 

presence of: 

• Osteophytes 

• Porosity 

• Sclerosis  
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The development of these lesions was graded into a single score for each surface, providing six grades 

per vertebrae.  

The original recording form from Sager (1969) was used in this study (Table 5.3). 

 

Table 5.3. Form for recording vertebra, method 3 (Sager 1969) 

Specimen 
number 

Zygapophyseal Joints Vertebral Body 

 Right Left 
 

1 Cranial   Cranial  

Caudal   Caudal  

 

 

5.2.2.3 Selection of skeletal material 

 

Vertebrae selected exhibited changes relating to OA and DDD for the analysis using the Rogers and 

Waldron (1995) method and characteristics relating to the full range of osteoarthritic and 

degenerative vertebral body changes presented in Buikstra and Ubelaker (1994) and Sager (1969).  

To select which vertebrae were included in this study all the skeletal spinal material within the Centre 

for Anatomy and Human Identification at the University of Dundee was observed. This was done to 

establish the scope of vertebral pathology observable within the collection. Following this, vertebrae 

exhibiting the most severe forms of degeneration such as fusion of one or more vertebrae, eburnation 

on the joint surface, and porosity or osteophyte growth affecting over 80% of the joint surface or rim 

were set aside. After this, vertebrae exhibiting no changes, or changes affecting less than 20% of the 

joint surface or rim were grouped together. The remaining vertebrae were then grouped together into 

those exhibiting similar levels of changes (such as porosity, osteophyte growth, and eburnation) on or 

around the joint surface. These groups were laid out in ascending severity, as determined by the 

amount of the joint surface or margin affected.  

After establishing the scope of the pathology within the available collection, it was determined that 

for each method 12 vertebrae or specimens would be analysed by participants. This was to ensure 

enough points of analysis were included to allow for statistical analysis of responses, whilst also 

keeping the time respondents would need to take part in the study to a minimum. Not all vertebrae 

showed signs of all disease characteristics listed within the participant guidelines. However, for all 

three methods, a broad range of characteristics were represented across the spectrum of severity, 

from unaffected to severely affected joint surfaces and margins. This was to try and ensure all stages 
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of severity were exhibited for each method and that there was also inclusion of each of the different 

disease characteristics listed in the Buikstra and Ubelaker (1994) and Sager (1969) methods.  

The first 10 specimens of each method were single vertebrae. The 11th specimen in each of the 

Buikstra and Ubelaker (1994) and Sager (1969) methods were two vertebrae which had fused, while 

the 11th specimen in the Rogers and Waldron (1995) method was five vertebrae fused together and 

the 12th specimen, three fused vertebrae. The inclusion of fused specimens was important, as it 

allowed the exploration of how participants recorded fused joints and obscured surfaces.   

 

5.2.2.4 Imaging the vertebrae 

 

In all methods, full images of the superior and inferior surfaces of the specimens, with a scale, were 

included (Figure 5.2). This was followed by close-up images of the superior and inferior vertebral 

bodies and zygapophyseal facet joints of specimens to provide a more detailed view. In some 

vertebrae (e.g., cervical), the angle of the facet joints allowed both superior or inferior facets to be 

seen in a single image and only one photo was used for each pair of joints (Figure 5.3). 

 

 

Figure 5.2. Superior view of the vertebra, method 1, specimen 
1. (Image by author) 

Figure 5.3. View of both superior facets, method 1, specimen 
1. (Image by author) 
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In other vertebrae (e.g., lumbar) images were taken of each individual facet, due to the angles of the 

surfaces. The images were high quality to allow participants to zoom in. Images were taken to include 

the transverse and spinous processes where appropriate to give participants anatomical landmarks to 

establish siding (Figure 5.4, 5.5).  

 
For the Rogers and Waldron (1995) method, images were taken from the anterior, posterior, and left 

and right lateral views, in addition to images of the surfaces of the vertebral bodies and zygapophyseal 

facets (Figure 5.6).  

 

 

 

 

 

 

A                                                                              B  

 

 

 

  

 

 

 

 

C                                                                             D 

Figure 5.5. Left superior facet, method 1, specimen 4. 
(Image by author) 

Figure 5.4.Right superior facet, method 1, specimen 1. 
(Image by author). 

Figure 5.6. Method 2, specimen 1. A) anterior view B) posterior view C) left lateral view D) right lateral view. (Image by author) 
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All images were put into folders with specimen numbers and all images were numbered and named. 

Each name started with the method number (M1, M2 or M3) and sample number (S1 etc.), which was 

followed by the image number and joint surface. For example, the first image in method 1 (Figure 7.2 

above) was “M1S1_1_Superior view”. The second photo in this series, showing the superior surface 

of the vertebral body, was named “M1S1_2_Superior body”. This coding system was consistent 

throughout the image series for each specimen and method.  

 

5.2.3 Materials for the analysis of trends in disease terminology and characteristics in 

bioarchaeology 
 

Building on the questionnaire and inter observer results, the final approach employed in this study 

was a review of globally published and unpublished theses and  archaeological reports from the UK 

dating between 2000-2021 to establish if there were trends in the terminology and diagnostic criteria 

of degenerative spinal joint diseases. 

This systematic review was designed based on the results of the questionnaire and inter observer 

studies, as it was seen that a larger pool of data was needed to analyse the terminology practitioners 

used to describe lesions, which lesions were the most encountered and how this could relate to the 

methods individuals were employing. It was also necessary to analyse literature from outside of the 

UK as the previous studies focused on UK practitioners. This study  aimed to establish: 

• which diseases were most encountered and researched by practitioners 

• the terminology used to describe lesions within the text analysed 

• if methods and terminology used to identify and describe lesions varied temporally or 

geographically 

The null hypotheses for this study were that no differences in disease prevalence within the literature 

analysed would be observed, and that no differences in the methods and terminology used to identify 

and describe lesions would be evident.  

 

5.2.3.1 Inclusion criteria 

 

To be included, all literature, theses, and reports must have: 

• been published since 2000  
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• been published in English 

• the full text available for download 

• contain methods and diseases relevant to this research 

• been focused on human skeletal pathology 

For archaeological reports specifically, companies who only undertook desk based, geophysical, or 

building assessments were excluded. The minimum requirement for an archaeological company to be 

included was one report. Where possible, such as with larger companies who had a greater number 

of available publications, three were selected to represent the range of reports.  

 

5.2.3.2 Archaeology report selection 

 

Reports were found through searches on the Archaeology Data Service (ADS) website. The “Library of 

Unpublished Fieldwork Reports” was browsed using the “Contractors A-Z” page. Searches were 

undertaken through each company’s reports for relevant literature using search terms “burial”, 

“cemetery”, “grave”, “inhumation”, “skeleton”, “bone”, and “human remains”.  

Reports were filtered by company to include a wide range of dates and osteologists for each. In 

addition to searches on the ADS, further independent archaeology and osteology companies were 

researched on Google, leading to two additional practitioners. In one instance the osteologist was 

contacted directly for papers, whilst the other had all their reports on their website and relevant 

examples were downloaded directly from there.  

 

5.2.3.3 Archaeology reports included in the study 

 

For the search of the ADS website 664 companies were identified, with a further two independent 

osteoarchaeologists being included after Google searches. Of the overall 666 companies, 388 were 

included in the search for relevant reports, while 278 were excluded for multiple reasons (Figure 5.7).  
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Figure 5.7. The search process for finding archaeology reports from the grey literature. 

 

The ADS and Google searches yielded 170 reports across 86 different companies and practitioners. To 

preserve anonymity, during the search companies and reports were assigned numbers. Osteologists 

were also identified. These individuals were not necessarily the overall author for the reports, but the 

individual who undertook the osteological analysis and wrote sections pertaining to this. These 

individuals were then also assigned a code.  

 

5.2.3.4 Thesis selection 

 

Unpublished theses were found through searches on The British Libraries EThOS database. A total of 

21 searches were undertaken for theses using the British Libraries EThOS thesis repository. Search 

Filtering of reports

Reports were filtered to include a maximum of three reports per company. This yeilded 
170 reports across 86 companies

Companies which produced relevant reports

84 companies produced 247 reports, numbers of 
report per company ranged from 1-16

1 specialist produced 7 reports via their personal website

1 specialist was emailed for reports, sending 2 for the 
study

Companies selected for inclusion

386 included, 278 excluded due to: age, producing desk 
based assessments or building reports, being geophysical 

survey companies
Both specialists were included

Initial search on the ADS site and Google

664 companies identified 2 indepedent specialists identified
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terms ranged from generic (“palaeopathology”) to disease specific (“joint disease palaeopathology”, 

“ankylosing spondylitis palaeopathology”).  

The search process for this is documented in Figure 5.8. The search yielded 27 relevant doctoral 

theses. There were 14 theses not available due to embargo. Other theses were discounted due to 

being published before the year 2000 or because the research was clinical and not archaeological or 

osteological. 

 

Figure 5.8. The search process for finding theses on the British Libraries EThoS website. 

 

5.2.3.5 Published literature selection 

 

Web of Science and Scopus were searched for palaeopathological literature published between 2000 

and 2021. The search included all papers if the full text was available in English, regardless of country 

of origin.  

In Web of Science, research areas were limited to “anthropology” and “archaeology”. In Scopus the 

“search within” function was utilised to narrow down results to “anthropology”.  

21 separate searches 
undertaken on EThOS

Search terms:

Palaeopathology, joint palaeopathology, joint disease archaeology, 
spine palaeopathology, spine archaeology, spine anthropology, 
vertebrae palaeopathology, vertebrae archaeology, vertebrae 
anthropology, lumbar pathology, thoracic pathology, cervical 

pathology, dish archaeology, DISH palaeopathology, ankylosing 
spondylitis archaeology, ankylosing spondylitis palaeopathology, 
degenerative disc disease archaeology, degenerative disc disease 
palaeopathology, osteoarthritis palaeopathology, osteoarthritis 

archaeology, osteoarthritis bioarchaeology

242 results produced 215 discounted due to age, duplication, lack 
of relevance or being under embargo 

A total of 27 relevant 
theses identified
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The full process of this search is documented in Figure 5.9. Overall, this search process yielded 163 full 

text publications for analysis. Publications were dismissed if they were not in English or if they were 

not looking at the osteology of past populations. This meant any clinical literature was discounted. 

Also discounted were 92 articles behind pay walls, with no full text freely available. Inter library loans 

were not used for these publications due to the time constraints of the research project, which limited 

the amount of time available for such a large number of items to be located and forwarded to the 

primary researcher. 

 

 

Figure 5.9. The search process for finding published literature on Web of Science and Scopus. 

 

 

 

 

 

 

 

Final inclusion of papers

163 published articles had full texts available for download and analysis

1200 refined papers were analysed

946 papers were discounted due to language, 
lack of relevance, or being duplications

92 papers were unavailable due to being behind 
paywalls in journals The University of Dundee was 

not subscribed to

Results were generated and refined

246,633 results were generated
Refined through narrowing of inclusion criteria: 
publication year 2000-2021, research category 

archaeology and anthropology 

Initial searches on Web of Science and Scopus

12 separate searches

Search terms: degenerative joint disease, schmorl's 
nodes, diffuse idiopathic skeletal hyperostosis, 

ankylosing spondylitis, degenerative disc disease, 
vertebral osteophytosis, osteoarthritis
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5.3 Methods 
 

5.3.1 Questionnaire methods 
 

5.3.1.1 Participant recruitment 

 

External recruitment for the questionnaire was undertaken through emails to BABAO and The British 

Association for Forensic Anthropology (BAFA), with a further targeted series of emails sent to known 

experienced professionals in relevant fields within the UK. Recruitment also took place via 

announcements from the primary researcher’s Twitter account. As tweets are on a public platform, 

to stop individuals who did not meet the minimum experience level from taking the survey, it was 

required that individuals message the primary researcher for the link. Internal recruitment for the 

questionnaire was undertaken through emails to staff members with experience in the analysis of 

skeletal remains in the Centre for Anatomy and Human Identification, University of Dundee. Follow 

up emails were also sent, both internally and externally, one month after the initial emails were sent. 

5.3.1.2 Inclusion and exclusion criteria 

 

To participate in survey, it was required that individuals had experience in the analysis of human 

skeletal material and recording pathological skeletal conditions. The minimum level of experience for 

participation was having undertaken such activities, either as part of an undergraduate degree or in a 

professional capacity. Participants could be from any field relating to bioarchaeology, 

bioanthropology, or osteology. The questionnaire was open to those in academia and commercial 

employment. 

5.3.1.3 Questionnaire delivery 

 

The questionnaire was delivered online, through the University of Dundee’s JISC online survey 

platform.  

 

5.3.2 Intra and inter observer methods 
 

5.3.2.1 Participant recruitment for the intra and inter observer studies 

 

Emails were sent to the BABAO mailing list, as well as nearly 70 emails targeted at academic and 

commercial specialists in palaeopathology across the UK. These individuals were identified through 
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staff lists on university department websites and the member list of the Chartered Institute for 

Archaeologists. Emails were also sent out to the taught master’s and fourth year undergraduate 

students studying anatomy, anthropology, and archaeology in CAHID at the University of Dundee, 

totalling 60 students.  

5.3.2.2 Participant inclusion criteria for the intra and inter observer studies 

 

Participants were selected based on experience. There was no maximum level of experience 

stipulated, the minimum requirement for participation was the completion of one module of 

osteology at undergraduate level to ensure they had familiarity with osteological material and bony 

landmarks. Participants were not required to have experience in identification and recording of 

pathological conditions, specifically conditions of the spine. This was a deliberate choice in the study 

design to allow a comparison between observers with different experience.  

5.3.2.3 Instructions for participants 

 

Once individuals agreed to take part in the study, they were sent a participant information sheet, 

consent form, recording guidelines, and recording form by a third party. The email also contained a 

link to a OneDrive file which contained the images necessary for analysis. In each folder, images were 

divided into three method specific folders, with separate folders for each specimen. Instructions were 

sent in this email on how to view the images and how to download the relevant documents. Once 

these documents were downloaded and saved, participants were then free to read the recording 

guidelines and begin their macroscopic analysis of the specimens using the photos and record any 

degenerative changes they identified. Once participants had completed their recording form, this was 

returned with a signed consent form to the third party, who forwarded the anonymised recording 

form to the primary researcher.  

 

5.3.3 Trend analysis methods 
 

All 170 reports, 27 theses, and 163 articles were uploaded into NVivo (v12.6), the qualitative analysis 

software. The automatic analysis function of the software was not used. Instead, it was used as a 

platform to store, organise, and highlight themes and codes within the documents. Qualitative 

analysis was undertaken in an iterative process according to the methods laid out by Braun and Clarke 

(2006). The theme organisation and coding took a semi structured approach, in that some themes 

were determined before analysis. These themes pertained to diseases (such as OA) and methods, with 

further themes and codes within themes being generated as analysis progressed. Specific information 
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was then extracted and analysed in Excel. This comprised; year of publication, archaeology company 

or institution, author, archaeological site, site code, title, aim, number of individuals, methods of 

recording, prevalence reporting, diseases covered, standards used, and references cited.  

 

5.3.4 Qualitative analysis 
 

5.3.4.1 Qualitative analysis of the questionnaire 

 

The questionnaire was intentionally designed to facilitate descriptive qualitative analysis to enable a 

nuanced understanding of themes and trends in choices regarding recording strategies for spinal 

degenerative joint disorders. The method for analysis of the questionnaire was thematic analysis. This 

is a flexible method of qualitative analysis which aims to identify, analyse, and report patterns and 

themes within data sets, and can be applied to a wide range of experimental approaches (Braun and 

Clarke 2006, Williamson et al. 2018). Themes in qualitative analysis refer to patterns or features within 

the data which can be used to address the research questions (Williamson et al. 2018). Thematic 

analysis was thought to be the most appropriate method of analysis compared to other forms of 

qualitative analysis. For example, grounded theory was potentially appropriate in this context. 

However, it is underpinned by the requirement to direct analysis towards the development of theories 

about the emergent themes, compared to thematic analysis which does not hold itself to such 

theoretical commitments (Braun and Clarke 2006, Noble and Mitchell 2016, Chun Tie et al. 2019). 

Thematic discourse analysis was also potentially appropriate, as it also identifies themes and “stories” 

within data and analyses language used (Braun and Clarke 2006, Shaw and Bailey 2009, Williamson et 

al. 2018). However, it is focused around social theories of language usage which is not appropriate in 

this context (Braun and Clarke 2006, Williamson et al. 2018).  

While flexibility in application is the main benefit of using thematic analysis, there must also be a 

structured approach to ensure the answers provided are thoroughly understood and categorized. For 

this study the method of thematic analysis laid out by Braun and Clarke (2006) was utilised. Their six-

stage method for thematic analysis embraces the flexibility of this method of analysis whilst providing 

structure to ensure analysis is theoretically and methodologically complete (Table 5.4).  
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Table 5.4. The stages of thematic analysis adapted from Braun and Clarke (2006). 

Phase Description of the process 

1 Familiarising yourself with your 
data 

Transcribing data, followed by reading and re-
reading the data and noting down initial ideas 
 

2 Generating Initial codes Coding interesting features within the data in a 
systematic fashion across the data set and collating 
the data relevant to these codes 

3 Searching for themes Collating codes into potential themes and gathering 
data for these potential themes 
 

4 Reviewing themes  
 

Checking if the themes work in relation to the coded 
extracts and entire data set, generating a thematic 
“map” of the analysis 

5 Defining and naming themes 
 

Ongoing analysis to refine the specifics of each 
theme and the overall story the analysis tells, 
generating a clear definition and name of each 
theme 

6 Producing the report The final opportunity for analysis. Relating back of 
the analysis to the research question and literature.  

 

Thematic analysis generates complex and detailed data, creating a deeper understanding of the 

themes and trends within the participant answers. The analysis also requires some questions to be 

answered before the data is explored to help clarify the approach to be taken. The aim of the analysis 

was to create detailed descriptions of the potentially different approaches taken by participants in 

recording and identifying pathological lesions on the vertebrae. This required an inductive approach, 

in which the creation of themes was driven by data, i.e., themes were created in response to the 

answers given by participants and were not pre-conceived. Such “theoretical sensitivity” potentially 

means the method of analysis relates to grounded theory (Noble and Mitchell 2016). However, greater 

flexibility in theme generation means that this research leans more towards Braun and Clarke’s (2006) 

description of thematic analysis.  

Theme generation within analysis was undertaken at the semantic level. Answers given by participants 

were taken as explicit, and the underlying assumptions and ideologies of participants were not 

considered (Shaw and Bailey 2009, Williamson et al. 2018). This surface level of analysis facilitates 

easier interpretation and review of significance of patterns and their broader meanings. This relates 

to the reason why discourse analysis would not have been appropriate for this research, as it requires 

analysis at the latent level and looking at assumptions and structures which might underpin the 

participant responses (Braun and Clarke 2006, Shaw and Bailey 2009, Williamson et al. 2018). 

Semantic level analysis also means a primarily realist approach was taken in analysis. Again, a more 

straightforward approach to theorising experience and meaning was utilised, compared to a 
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constructionist approach which would have sought to theorise the structural conditions which lead to 

individual responses (Braun and Clarke 2006, Williamson et al. 2018).  It is also important to note that 

the questions asked in the survey were not taken as the themes for this analysis, rather, that they 

were a prompt to participants to provide the data which was to be analysed for themes. The data set 

was divided by the sections of the questionnaire. The themes were found within the second (methods 

used) and third (identification criteria) sections of the questionnaire and could then be analysed 

overall and divided by the level of experience, established in the first section of the survey.  

 

5.3.4.1.1 An example of qualitative analysis 

 

Question 7 asked participants “When examining remains, please describe the methods you use to 

examine and record spinal pathology. Please be as detailed as possible”. Answers were initially read 

and coded, with phrases and opinions being highlighted, before being summarised in a single word 

code. For example, the phrase “I look for abnormalities in the macroscopic morphology” would be 

summarised by the code’s “macroscopic” “morphology” and “abnormality”. While the phrase “Visual 

observation of each vertebra and the points of articulation between each vertebral segment” would 

be summarised as “macroscopic”, “body” and “facets” due to also describing a holistic view of 

observing the full vertebrae and mentioning points of articulation.  

After responses were coded, codes were then grouped into themes to see if there were further 

similarities. For example, in question 7 codes naturally grouped into themes which reflected a specific 

sequence of events participants undertook during analysis. Themes detailed stages of the observation 

(looking at remains), recording (noting any changes present) and identification (diagnosis of 

pathology). Below is a quote from one of the respondents which has been divided to show codes and 

themes within their answer: 

 

 

 

 

 

 

 

 

 

Quote Codes Theme 

 
“Macroscopic examination of all joint 
surfaces for pathological changes related to 
joint diseases…  
 

 
Macroscopic 
Body/Facets 

 
Observation 

I will record it for the presence/absence of 
pathological changes…  
 

Presence/Absence 
 

Recording 

Diagnosis of the specific disease will follow 
published criteria from various sources” 
 

Use guidelines Identification 
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5.3.4.2 Qualitative analysis of literature trends 

 

The trend analysis study was linked to the analysis of the questionnaire responses, as it also used the 

method of structured thematic analysis proposed by Braun and Clarke (2006) was also used to analyse 

the literature, reports, and theses for trend analysis study. As with the questionnaire the method 

analysed text on a latent level in a straightforward manner and did not explore assumptions 

underpinning different authors’ work. However, where stage 2 of this method generates initial codes, 

for the trend analysis the codes and themes developed during the analysis of the questionnaire were 

used. This means the analysis was focused on identifying the methods and identification criteria used 

for observing spine pathology on skeletal remains. It also ensured analyses would be comparable 

between the two studies. The questionnaires method of analysis was also extended when analysing 

the literature. The theoretical sensitivity of Braun and Clarke’s (2006) method allowed new codes and 

themes to develop throughout the process in response to the literature observed, as well as using the 

pre-generated codes and themes.  

 

5.3.5 Statistics 
 

5.3.5.1 Questionnaire statistics 

 

Statistical analysis was used to test the relationships between the ranked data of diagnostic 

characteristics for each disease in the third section of the questionnaire, tests were selected as shown 

in Figure 5.10. The overall data set for each disease and when responses were divided (e.g., by 

experience) was analysed using a Friedman test. Further post hoc testing using Wilcoxon signed rank 

tests was undertaken. This was to locate where any significant differences in ranks applied to disease 

characteristics were. These were undertaken in SPSS (version 25.0). Additionally, the relationship 

between characteristics and groups were analysed using Chi Squared. These tests were undertaken in 

Microsoft Excel (Office 365) by a statistician external to the University of Dundee, Dr Drye. 
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Figure 5.10. The process for selecting the statistical test for the ranked questionnaire data. 

 

The Friedman test is non-parametric and designed to test differences between groups when the 

dependent variable is ordinal. It is a test of repeated measures, meaning the same group of individuals 

provides measurements across multiple parameters (Scheff 2016). In this research the same group of 

individuals provided rankings for each diagnostic feature of each disease, and the test analysed 

whether the rankings applied to each disease characteristic was significantly different, e.g., are 

osteophytes more important in the diagnosis of OA than joint contour changes. For this test the 

independent variable was the participant group (when divided by experience or occupation) and the 

independent variable was the rank being applied to a specific characteristic e.g. osteophytes in OA.  

The Friedman test generates χ2 values which only state whether there are overall differences in the 

data and does not test where statistical differences lie. Post hoc testing using Wilcoxon signed-rank 

Questionnaire

• Ordinal ranked responses from participants rating the importance 
of disease characteristics for OA, DISH, AS and DDD

Friedman 

Test

• Responses analysed by disease, and by disease when participants 
were grouped

• Dependant variable = ranked data

• Independant variable = particapant group

Wilcoxon

Signed Rank

• Post-hoc test designed to follow on from Friedman tests

• Establishes where statistical differences between parameters are

Chi 

Square

•Tests the relationship between two independant variables 

•Does not work with missing data and is sensitive to sample size

•Used to see if there was a relationship between participant groups and the 
most commonly related disease characteristics
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tests were also undertaken. These tests explore the statistical differences between different 

combinations of the parameters being analysed. For example, the OA test examined if ranked data for 

osteophytes were significantly different from the rankings given to eburnation. Such comparisons 

enable an understanding of what practitioners consider to be the most significantly diagnostic feature 

of a disease. The test is used in conjunction with a Bonferroni adjustment, which is an altered 

significance level to avoid Type I error (declaring results significant inappropriately). This is calculated 

using the initial significance level (0.05) and dividing it by the number of tests being run. Therefore, 

given that each disease had a unique number of characteristics being tested the Bonferroni 

adjustment was unique for each disease. OA had four disease characteristics and therefore six 

pairwise Wilcoxon signed-rank tests were undertaken, meaning the adjusted significance level was 

0.05/6 = 0.008. P-values for all diseases is seen in Table 5.5. 

 

Table 5.5. P-values calculated for post hoc testing with Bonferroni adjustment 

Disease No. characteristics 

ranked 

Pairwise tests 

undertaken 

Adjusted p-value 

OA 4 6 0.008 

DISH 6 15 0.003 

AS 5 10 0.005 

DDD 4 6 0.008 

 

Following these tests, the groups were analysed to see if there were differences between groups of 

participants and the way they had ranked specific traits using Chi Squared. Establishing these 

relationships was more challenging, as some participants did not rank every disease trait. Chi squared 

is a test which is sensitive to sample size. This meant that participants were re-divided in larger groups 

(still based on experience etc.) and the differences between disease characteristics with the most 

responses were analysed. 

 

5.3.5.2 Intra and inter observer statistics 

 

5.3.5.2.1 Consideration of learning effects 

 

Repeated measures and randomisation designed to reduce order effects within the study would not 

be needed. This is because individuals would potentially only be participating in the study once and, 

due to the differences in methods being applied, there would be no cumulative learning effects. All 
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individuals were asked to participate in the study a second time to provide data for intra observer 

error testing. This second recording session took place at least one week after the initial recording, 

negating any potential learning or fatigue effects between studies. Using different sets of remains for 

each of the three recording methods limited the cumulative learning effects from repeatedly looking 

at the same skeletal specimens, as participants would only see the remains a second time if they 

participated in both sections of the study.  

 

5.3.5.2.2 Selection of a statistical test 

 

Rogers and Waldron (1995) provided nominal data, while Sager (1969) and Buikstra and Ubelaker 

(1994) provided ordinal data. These recorded data from the observers were then compared to assess 

the inter observer agreement levels using Krippendorff’s Alpha. 

Chapter 4.5.4 detailed how Krippendorff’s Alpha is suitable for reliability tests with multiple observers 

and sample sizes, using different measurement scales, and if there is missing data within a sample. 

The selection process for this statistical test is shown in Figure 5.11. Due to these factors, and that it 

has been successfully utilised in the palaeopathological literature, it was deemed suitable for this 

study.  
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Figure 5.11. The process for selecting the statistical test for the inter observer study. Red indicates a rejected test, whilst green 
indicates the selected test. 

 

5.3.5.2.3 Analysis software and coding 

 

The inter observer agreement was tested using Krippendorff’s Alpha in RStudio (v1.3.1093). Multiple 

tests were carried out for each method, but the basic code used for tests was consistent. Data were 

uploaded as .txt files and then analysed using the code: 

kripp.alpha(as.matrix(file name), “ordinal”) or kripp.alpha(as.matrix(file name), “nominal”) 

The code “as.matrix” converts the .txt data into a format that can be read by RStudio. The test 

“kripp.alpha” is available in the open source “irr” package, which additionally requires the package 

“lpsolve”. Both package extensions were downloaded and enabled for tests to be carried out. The 

Inter observer 
testing

• The data collected will be ordinal and nominal

• There will be multiple raters

• There will be multiple categories to analyse

Cohen's

Kappa

• This test cannot be used as it only measures differences of two 
observers

Fleiss'

Kappa

• This test cannot be used as participants were not randomly selected, 
but targeted through emails

• Additionally the participants will rank all specimens (unique raters), this 
test requires non-unique raters (different individuals rate each 
specimen)

Krippendorf's

Alpha

• This test can be used to deal with multiple observers rating multiple 
categories

• It does not require non-unique or randomly selected observers

• It can cope with missing or incomplete data sets

• It self corrects for small sample sizes
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condition “ordinal” was used when testing data with a scale (methods 1 and 3). Diagnostic answers 

were converted to “1” for yes and “2” for no. These data were then analysed using the “nominal” 

condition. 

5.3.5.2.4 Alpha value terminology and acceptable level of agreement 

 

The terminology used to describe the resultant Alpha values and percent agreement were in line with 

McHugh (2012)(Table 5.6). The level of acceptable agreement was set at 0.6 following standards in 

clinical literature such as Kettler and Wilke (2006) and Oudkerk et al (2017). 

Table 5.6. Terminology to describe Alpha values (adapted from McHugh 2012). 

Value of Alpha Level of Agreement 

0 – 0.199 None 

0.200 – 0.399 Minimal 

0.400 – 0.599 Weak 

0.600 – 0.799 Moderate 

0.800 – 0.900 Strong 

Above 0.900 Almost Perfect 

 

5.3.5.3 Trends analysis statistics 

 

To analyse temporal trends, reports and literature were divided into four year groups: 2000-2005, 

2006-2010, 2011-2015, and 2016+. Published literature were also analysed by geographic region: 

Single country European, collaborative European, UK only, North American, South American, African, 

North Asian, Southeast Asian, Australasian, and International. For these tests the independent 

variables were the temporal or geographical groups being analysed, whilst the dependent variables 

were the methods being used (e.g., macroscopic analysis, recording lesions by severity etc.) or the 

type of study undertaken (e.g., population analysis, case study etc.) All statistical tests for this data 

were undertaken in Microsoft Excel (Office 365) by a statistician external to the University of Dundee, 

Dr Drye. 

The relationship between sources (archaeology reports and published literature) and the methods 

and study types were analysed using Chi Square tests. For these tests the independent variables were 

the temporal or geographical groups being analysed, whilst the dependent variables were the 

methods being used (e.g., macroscopic analysis, recording lesions by severity etc.) or the type of study 

undertaken (e.g., population analysis, case study etc.). 

Archaeological reports were also analysed for trends by osteologist. This was undertaken using t-tests 

to measure the significance of variation between freelance practitioners and those working for 
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archaeological companies. For these tests the independent variable was the group (freelance or 

company based osteologist) and the dependant variable was the report characteristic being 

investigated, e.g., whether the reports were descriptive, whether they were featured only as an 

appendix of a site report, the type of prevalence rate being reported. 

 

Figure 5.12. The process for choosing statistical tests in the trend analysis study. 

 

5.3.6 Limitations due to COVID  
 

The pandemic impacted the delivery of the studies designed for this research. Initially, both the 

questionnaire and inter observer studies were due to be undertaken in person. For this all individuals 

who partook in the interobserver study would also be given the option to undertake the questionnaire 

Trend Analysis

• The data collected will be categorical (yes or no) for different methods, 
standards, study types, and diseases investigated within the sources

• Sources will be divided temporally (reports and literature) and 
geographically (literature)

ANOVA

• This test cannot be used as the collected was categorical and therefore 
the dependent variable was not continuous

Chi Square

• This test can be used to test temporal and geographical differences of 
categorical data 

• The groups (temporal eras and geographical regions) being compared 
were independent

T Test

•The independent variable were categorical groups (freelance osteologist and 
company based osteologist)

•The dependent variables were the number of reports, number of skeletons 
analysed, and the number of studies which were; descriptive, integrated with 
other site information, used CPR, TPR or both to report disease prevalence 



199 
 

in a paper format, with additional individuals being recruited through the online distribution of the 

questionnaire. It was also intended that the primary researcher would travel to different University  

archaeology departments with the remains to visit different departments and recruit participants for 

both studies. However, due physical distancing measures and travel being illegal this was unable to 

occur and both studies were instead carried out online. 

A second study based in different University archaeology departments which utilised skeletal remains 

and participants from those departments was also developed and received ethical approval. This study 

aimed to look at observer error of Rogers and Waldron (1995) and Buikstra and Ubelaker (1994) when 

identifying and recording AS and DISH, whilst still exploring reliability of all three methods in changes 

relating to DDD and OA. However, due to the COVID pandemic limiting travel and requiring social 

distancing, University departments did not have capacity for this study to take place. Additionally, 

non-essential travel was illegal during this period. Therefore, this study was unable to take place and 

the inter observer reliability of methods diagnosing AS and DISH could not be explored. 

As a result of any in person or face to face research being possible, the focus of the research 

undertaken shifted. As such the analysis of the questionnaire became more focused on qualitative 

trend analysis and how this related to the inter observer variation seen within the selected methods. 

These studies then led into further the further analysis of variation in the use of methods and 

terminology utilising literature that was available online, and a comparison of UK and global research. 

. 
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6. Results 
 

6.1 Questionnaire results 
 

The survey generated 18 responses, with detailed answers provided for the open ended questions. 

6.1.1 Demographics of participants 
 

Those who participated in the questionnaire were from a mix of academic and commercial 

backgrounds. The most common occupation was “Commercial Specialist” (n=6), with “Staff - 

Academic” and “Postgraduate researcher (PhD)” being the second most common occupations (n=5 

for each) (Figure 6.1). Most individuals identified as bioarchaeologists as either their primary (n=4) or 

secondary (n=4) disciplines. Forensic anthropology was joint in being the most common primary field 

of work (n=4) (Figure 6.2).  

 

 

Figure 6.1. The distribution of the occupation of the survey participants. 

33%

28%

28%

5%
5%

Commercial Specialist

Staff - Academic

Postgraduate researcher (PhD)

Post-doctoral researcher

Independent researcher/specialist



201 
 

 

Figure 6.2. The primary and secondary distribution of participants of the survey. 

 

Most participants held a master’s degree (n=10), five of whom were PhD researchers working towards 

their doctorate, while the remaining eight individuals held a PhD (figure 6.3). 

 

Figure 6.3. Distribution of participants by occupation and education level. This is a combination of question 2 (What education 
level have you achieved so far?) and question 3 which asked for the participant occupation. 

 

The majority of individuals (n=7) had between 6-10 years of experience of working with human 

skeletal remains, followed by 21-25 years of experience (n=3)(Figure 6.4). 
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Figure 6.4. Distribution of the years of experience of the survey participants. 

 

Most participants (56%) recorded remains on a daily or weekly basis (Question 5a, Figure 6.5), with 

vertebrae being present between 41-80% of the time (Question 5b, Figure 6.6).  

 

 

Figure 6.5. The frequency with which participants reported they record skeletal pathology. 
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Figure 6.6. The frequency at which participants find vertebrae are present in the remains they analyse. 

 

Having undertaken general pathology research was common amongst participants (72.2%; n=13), 

while half of participants had carried out pathology research specific to vertebral pathology. All those 

who had researched vertebral pathology had also examined general skeletal pathology research. 

While those who had not undertaken general pathology research had also never researched pathology 

specific to the spine (Figure 6.7).  

 

 

Figure 6.7. Combined responses to 6a (Have you ever undertaken research, outside of general recording, on skeletal 
pathology?) and 6b (Have you ever undertaken research, outside of general recording, on vertebral pathology?). N = No, Y = 
Yes. E.g. N/N = no general skeletal research or vertebrae specific research. 
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6.1.2 Methods used by participants to record skeletal vertebral pathology 
 

There were noted trends between the answers of the survey. Therefore, results from different 

questions have been grouped here to better illustrate themes. Answers from section 2 of the 

questionnaire pertaining to the methods of analysis and recording (questions 7, 9, 11-13), and those 

regarding method sources and references used (questions 8, 10, 14) were combined. 

The common method of recording is illustrated in the flow diagram in Figure 6.8, where the words 

indicate different codes that were grouped within each theme. Within the theme of observation 

participants would describe how they would examine a vertebra and its different surfaces for their 

morphological properties. For recording, participants described how they would primarily record the 

presence or absence of key characteristics (such as eburnation, pitting and osteophytes) before 

writing other changes in detail, usually in free text at the end of their recording form. Finally, 

participants described how they would identify diseases on a bone. This was done using differential 

diagnosis, guidelines, and may have involved additional methods being used such as radiography. 

 

 

Figure 6.8. The stages of analysis described by participants. (Image by author). 

 

The idea of “detail” and “description” were carried through many answers within the questionnaire. 

For example, in question 9 (“Does the recording form or database you use to record skeletal remains 

contain a specific section for recording vertebral pathology?”), 10 respondents said there was a 

specific area in the form or database they used for recording vertebral pathology. One other 
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respondent selected “other” and stated there were areas specifically for OA and degenerative joint 

changes, but from their response in question 7 it was clear for “other pathologies” they used detailed 

recording in “free text at the end of the recording form”. This was repeated by another respondent in 

question 11 (“Do your methods involve a grading system for the severity of bone changes, or do you 

simply measure presence and absence of different characteristics?”). When asked about whether they 

graded pathological changes on a presence or absence or severity basis, the respondent said while the 

database they used focused on presence and absence, they also used free text and archive reports to 

note severity.   

 

In response to the question whether participants examined each vertebra as a whole or divided into 

separate surfaces, 12 of the 18 participants stated they divided the vertebra into multiple surfaces. 

The themes identified in these answers were whether participants sought a “general overview” before 

dividing surfaces into the “vertebral body” and “facet joints”, with some examining “beyond the joints” 

of the vertebra. The division of the vertebra for analysis could be in more “standard” terms which 

usually involved a broader approach looking at fewer specific surfaces, or a more “detailed” approach 

looking at multiple surfaces. The most mentioned surfaces were the vertebral body and facet joints, 

usually divided into superior and inferior joints, although some individuals stated recording “each of 

the small joints separately”. It was often difficult to tell in all instances whether the use of the term 

“facet joints” meant solely zygapophyseal joints, or all facet joints. Only five individuals specifically 

mentioned costal facets in addition to “articular facets” or “all facets”. Two of these five participants 

would observe them, but only record them “as appropriate” “if pathology is present”. Also mentioned 

were lamina, pedicle, and spinous and transverse processes. Such surfaces “beyond the joints” were 

usually described as being looked at on an “ad hoc” basis. The repeated themes and their codes within 

the answers can be seen in Figure 6.9. This highlights how most participants valued an overview of the 

vertebra before dividing it into facets and body, but fewer respondents detailed examining “beyond 

the joints” at landmarks like the processes, pedicles, and laminae. 
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In question 13 (“Are you more interested in the identification of potential skeletal pathology or 

describing the type and severity of the bone changes regardless of identification?”) most participants 

chose “both” (56%; n=10). Again, emphasising detail and the stages of observation shown in Figure 

6.8, one participant selected “other” stating that describing the type of bone changes regardless of 

identification was more important as “differential diagnosis comes next based on the information 

recorded”. The answers to questions 9, 11, 12a and 13 can be seen in Table 6.1 

Figure 6.9. Word cloud presenting the main codes identified in the surfaces 
participants  (Image by author)observe on the vertebrae. 
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Table 6.1. Overall answers to questions 9, 11, 12a and 13. 

 

The first part of question 8 (“Is the method you use from published literature (e.g., a journal article or 

book) or is it of your own design?”) was multiple choice. Methods were largely either directly from 

the published literature or based on published literature (61%; n=11). No participants reported using 

methods based on unpublished literature. There was a divide between participants using methods of 

their own design or from literature with their own changes and those using methods from their 

employers’ (either employers’ own design or based on literature with modifications from their 

employer)(22%; n=4 for both categories). Two individuals selected using methods based on guidelines 

from professional organisations, while one selected “other” stating they used methods based on the 

BABAO standards with additions from literature (Figure 6.10). 

Question  Responses 

9 Does the recording form or database you use to record skeletal remains contain a 
specific section for recording vertebral pathology? 

Yes No  Unsure Other  

10 5 1 1 

11 Do your methods involve a grading system for the severity of bone changes, or do you 
simply measure the presence and absence of different characteristics? 

Grade severity Presence and 
Absence 

Both Depends on the 
research aims 

Other 

2 3 5 6 2 

12a Do you examine the vertebra as a single unit, or do you divide each vertebra into 
multiple surfaces for analysis e.g., body and articular facets? 

As a whole Divided into 
multiple areas 

Both  

3 12 3 

13 Are you more interested in the identification of potential skeletal pathology or 
describing the type and severity of the bone changes regardless of identification? 

Identification Type/Severity Both Equally Depends on the 
research 

Other 

2 0 10 5 1 
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Figure 6.10. Pie chart showing the sources of methods used by respondents. 

 

The second part of question 8 asked participants which sources their methods were based on. This 

could be journal articles, employers, or professional bodies (Table 6.2). This contains additional detail, 

as participants were not consistent in the level of information they provided. In some cases, this made 

it hard to identify where sources of methods had come from. 

 

Table 6.2. Sources of methods cited by respondents in question 8b. Sources are transcribed from questionnaire responses.  

Source Number of 
participants  

Details 

Ortner (and Putschar), Identification of 
pathological conditions (2003) 

5  3 specify 2003 
2 do not specify year 
2 specify title 
1 specifies “Putschar” 

Roberts and Connell, BABAO 
standards (2004, 2018) 

5  2 specify 2004 
1 also specifies 2018 
1 specifies the authors 
3 just state “BABAO standards” 

Rogers and Waldron, A field guide to 
joint disease in archaeology (1995) 

4  3 specify 1995 
1 does not specify year 
Only 1 specifies title 

Waldron, Palaeopathology (2009) 3  2 specify book title 
1 specifies year 
1 specifies only author name 
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Published source with my own changes

Method is my own design
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Table 6.2. Sources of methods cited by respondents in question 8b. Sources are transcribed from questionnaire responses 

(continued). 

Additions from literature/ 
unsystematic literature review 

3 1 specifies addition of clinical literature 

Buikstra and Ubelaker, Standards 
(1994)  

2  Both specify year and “standards” 

Jurmain (1999) 2  Only 1 specifies year 
No title specified 

CiFA/Mitchell and Brickley (2017) 2  1 stated full 2017 publication 
1 counts CiFA/BABAO papers 2004/2018 
together 

States literature/source with their 
own changes 

2  

Charlotte Roberts’ methods/teaching 2  No details or publications specified 

Roberts and Manchester 1  No year or title specified 

Mann and Hunt (2012) 1 No title specified 

Aufderheide and Rodriguez-Martin 1  No year or title specified 

MOLA Human osteology method 
statement 

1  

Steckel, Global History of Health 
Codebook (2006) 

1  

FIFE 1 Unknown acronym 

AJPA 1 Presumed to mean “American Journal of 
Physical Anthropology” 

Mercyhurst University 1 No details or publications specified 

 

Forms were more commonly used (72%; n=13) than databases (50%; n=9). Most used a recording 

device of their own creation (94%; n=17). Only five (28%) used recording forms/databases provided 

for them. The employers and organisations listed as providing these forms were Defense POW/MIA 

accounting Agency, MOLA’s internal Oracle database, Wessex Archaeology Ltd and Mercyhurst 

University. The breakdown of recording methods, as explored in question 10, can be seen in Figure 

6.11. 
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Figure 6.11. The types of recording devices used by respondents. 

 

Question 14 was open ended and asked “When reporting on skeletal pathology, what literary sources 

do you typically reference? Please provide the author, title and year” (Table 6.3). The level of detail 

provided by participants varied. Four participants stated references would depend on the type of 

pathology, while four individuals mentioned searching for specific or additional literature. Only one 

individual explicitly mentioned the inclusion of clinical literature in their referencing.  

 

Table 6.3. Literature sources respondents stated they commonly used when reporting pathology. Answers are transcribed 

from responses. 

Literature Source Number of 
Participants 

Details 

Answers pertaining to Rogers and Waldron 

Rogers and Waldron, Field guide to 
joint disease in archaeology (1990, 
1995) 

2 Both specify title 
Both specify different dates 

Waldron, Palaeopathology (2009) 2 Both specify year 
1 specifies title 

Waldron, Counting the dead (1994) 1  

Rogers (1990) 1 Specifies article is in Clinical Rheumatology 

Waldron and Rogers (1991) 1 Specifies article is in the International 
Journal of Osteoarchaeology 

Rogers/Waldron “all their work on 
osteoarthritis” 

1  

Answers pertaining to Jurmain 

Jurmain, Stories from the skeleton 
(1999) 

3 3 specify year 
1 specified title 

Jurmain and Kilgore (1995) 1 No title specified 

Weiss and Jurmain (2007) 1 No title specified 

0 1 2 3 4 5 6 7 8 9 10

Own recording form

Form provided for me

Form downloaded from online source

Own database

Database provided for me

Database downloaded from online source

I don’t use a form

I don’t use a database

Number of participants
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Table 6.3. Literature sources respondents stated they commonly used when reporting pathology (continued). 

Answers pertaining to Roberts 

Roberts and Manchester, Archaeology 
of disease 

2 No year specified 
1 specified title 

Roberts and Cox, Health and disease 
in Britain (2003) 

2 1 specifies title and year 
1 specified neither 

Other texts 

Ortner (and Putschar) (1985, 2003, 
2019) 

9 5 specify Ortner 2003 
2 specify Ortner 2019 (1 specifically 
“Waldron in…”) 
2 specify Ortner and Putshcar (1 specifically 
1985) 

Aufderheide and Rodriguez (1998, 
2011) 

5 2 specify 1998 
2 don’t specify year 
1 specified 2011 

Resnick (1995, 2002) 2 Individual who specified 1995 cited all 6 
volumes 
Individual who specified 2002 cited only 
volume 4 

Brothwell, Diseases in antiquity 
(1967) 

1  

Bridges (1991) 1 Specifies article is in the International 
Journal of Osteoarchaeology 

Mann and Hunt (2012) 1 No title specified 

Walker, Disease in London 1st-9th 
centuries – an illustrated guide to 
diagnosis 

1  

Salter (1999) 1 No title specified 

Hillson (1986) 1 No title specified 

Pinhasi (2008) 1 No title specified 

Brickley and Ives, Bioarchaeology of 
metabolic bone disease (2008) 

1  

Francois, Commented glossary for 
rheumatic spinal diseases (1997) 

1  

Miscellaneous Comments 

“Depends” on the pathology being 
reported on 

4  

Will search for “specific” articles or 
“other sources” 

4 Only 1 mention of the inclusion of clinical 
literature 

“Too many to list” 3  

“Major” or “standard” publications 3  

“As in question 8” 2  

 



212 
 

Also noted was one respondent who explicitly talked about access to relevant literature being a 

“challenge, particularly for commercial bioarchaeologists”. 

 

6.1.3 Description and ranking of disease characteristics by participants 
 

This section asked participants to describe the characteristics of osteoarthritis (OA), diffuse idiopathic 

skeletal hyperostosis (DISH), ankylosing spondylitis (AS), and degenerative disc disease (DDD). 

Participants then graded the importance of identifying characteristics for those diseases. The results 

of this section are presented by disease. 

 

6.1.3.1 Osteoarthritis 

 

Question 15 asked “In your own words, please describe what bone changes are characteristic of 

osteoarthritis“. A minority of respondents (22%; n=4) simply listed words, while the remaining 

individuals spoke in more depth of changes and identification criteria. The responses could be grouped 

into changes pertaining the joint margins, changes to joint surface and then identification and 

diagnosis.  

The changes to joint margins included ossification of surrounding ligaments and soft tissue (6%; n=1), 

lipping (17%; n=3), altered joint contour (33%; n=6) and marginal or peri-articular osteophytes (39% 

n=7). Overall, osteophytes were mentioned by 15 respondents (83%), eight of whom did not mention 

the location of the osteophytes, while there were four mentions of osteophytic growths on the joint 

surface itself. In addition to surface osteophytes, other surface changes mentioned were surfaces 

being “degraded” (6%; n=1), subchondral cysts (17%; n=3, with 2 mentions of radiography), presence 

of pitting (17%; n=3), porosity (78%; n=14) and eburnation (89%; n=16).  
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Of those who considered diagnosis, three respondents explicitly stated that eburnation must be 

present for a diagnosis of OA. However, the most mentioned diagnostic criteria for OA followed the 

guidelines in Waldron (2009), with seven respondents stating OA could only be present if there is 

eburnation or two of the other changes. One respondent had similar criteria, but that at least three 

changes needed to be present to diagnose the disease. The written responses to this question are 

visualised in Figure 6.12. 

 

 

 

 

Characteristics of OA participants were asked to rank in question 19 were: osteophytes, porosity, joint 

contour, and eburnation, with options for all characteristics equally and “other”. Ranks ranged from 

1-6, with 1 being the highest (Figure 6.13). 

Figure 6.12. Word cloud representing the themes commonly mentioned by respondents when 

describing osteoarthritis. (Image by author) 



214 
 

 

Figure 6.13. The ranks participants applied to each of the listed characteristics of osteoarthritis. Mean ranks are in bold. 

 

Based on the mean scores for each characteristic, the three most important joint changes for OA were: 

 1) eburnation (mean rank = 1.5) 

 2) osteophytes (mean rank = 2.7) 

 3) porosity and joint contour (mean ranks 3.0) 

This matches the frequency with which individuals mentioned those characteristics in question 15. 

One individual did not complete the question, simply filling in the “other” category to state use of 

Rogers and Waldron’s criteria (no year stated) for identifying OA. Two individuals ranked “other” as 

second, stating all changes after eburnation were equally important. One individual ranked “other” as 

sixth, without providing any further detail, presumably to fill out all 6 options.  

The statistical significance of the differences between these ranked data was compared using a non-

parametric Friedman test in SPSS. Due to low response numbers for the categories “all” and “other” 

only eburnation, osteophytes, porosity, and joint contour were compared. There was a statistically 

significant difference between the rank’s assigned to characteristics of OA, χ2=9.159 p=0.027.  

The median (with range) for eburnation, osteophytes, porosity, and joint contour were 1 (1-2), 3 (2-

3.75), 3 (3-3.75) and 3 (2-4) respectively. There were no significant differences between the rankings 

of any of the characteristics in the post hoc tests when using the Bonferroni correction (p=0.05). 

However, due to the small sample size, it is possible that the significance level of the Bonferroni 
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correction is too conservative. When not using the correction the ranks between eburnation and joint 

contour were significant, Z=-2.236 p=0.025.  Full results are listed in Appendix 10.6.1, Table 10.1. 

 

6.1.3.2 Diffuse Idiopathic skeletal hyperostosis 

 

Question 16 asked participants to describe changes characteristic of DISH in their own words. Themes 

within responses related to the type of ossification, the siding and spinal level of ossifications and then 

additional areas involved in disease progression. Within responses only one individual simply listed 

characteristics, the remaining responses were more descriptive of changes. 

When considering the type of ossification five individuals mentioned ossification of the anterior 

longitudinal ligament, with an additional respondent saying ossifications were “anterior” and one 

stating “soft tissues” were ossified. Spinal ossifications were generally described like “wax” or 

“candlewax” in appearance (78%; n=14), but also as “flowing” (6%; n=1). Fifteen respondents (83%) 

also stated ossifications were “ankylosing”, “fusing” or “bridging” vertebrae. There were disparities in 

the number of fused vertebrae required for diagnosis, ranging from 3-4 (6%; n=1), “multiple” or  

”several” (17%; n=3) or “at least 4” (28%; n=5). Only seven respondents (39%) explicitly stated that 

contiguous or continuous vertebrae that must be fused. Ossification of cartilage was mentioned three 

times, but only one individual specified which cartilage (costal).  

When considering siding, 11 individuals stated ossifications were “one sided” or “unilateral”, of which 

seven identified that the ossifications were confined to the right side. Only six individuals mentioned 

which level of the spine was likely to be involved. Most stated thoracic vertebrae (n=5), but some also 

mentioned lumbar vertebrae (6%; n=1). One individual wrote “lower” spine (6%; n=1). There was 

variable inclusion of details surrounding other characteristics and their location. Primarily mentioned 

were the non-involvement and preservation of disc spaces (39%; n=7) and zygapophyseal facet joints 

(17%; n=3), with two mentions of “preserved joint space”. Additional areas of the skeleton which were 

mentioned were ossifications of the sacroiliac joint (17%; n=3) and extra spinal manifestations (22%; 

n=4). Only one respondent mentioned fusion of the ribs to the vertebral bodies.  

Two individuals mentioned that the disease was progressive, with only one explicit mention of 

“early/probable DISH” and one mention of a disease state where less than the required number of 

vertebrae might be fused. The written responses to question 16 are visualised in Figure 6.14. 
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In Question 20a, participants were asked to rank the following characteristics of DISH: ankylosis, right 

sidedness, disc space preservation, zygapophyseal joint space preservation, extra spinal ossifications, 

and candlewax appearance, with options for “all characteristics equally” and “other”. The ranks 

participants applied to these changes can be seen in Figure 6.15. Participants were asked in question 

20b to specify how many vertebrae must be fused before they would consider a diagnosis of DISH, 

50% (n=9) stated 4 vertebrae must be fused (Figure 7.16).  

Figure 6.14. Word cloud representing the codes commonly mentioned by respondents when describing 

diffuse idiopathic skeletal hyperostosis. (Image by author) 
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Figure 6.15. The ranks participants applied to each characteristic of diffuse idiopathic skeletal hyperostosis. Mean ranks are 

in bold. 

 

Figure 6.16. The number of fused vertebrae participants required for diagnosis of diffuse idiopathic skeletal hyperostosis. 

 

Based on the mean scores the most important characteristic changes in DISH as ranked by participants 

were:  

1) candlewax appearance of ossifications (mean rank 2.0) 

2) ossifications confined to the right side of vertebral bodies (mean rank 2.4) 

3) ankylosis/fusion of the vertebral bodies (mean rank 2.8) 

2

3
4

HOW MANY VERTEBRAE MUST SHOW SIGNS OF 
OSSIFICATION TO DIAGNOSE DISH?
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Due to low response numbers for the categories “all” and “other” only ankylosis, right side, disc space, 

zygapophyseal space, extra spinal manifestations, and candlewax appearance were tested. There was 

a statistically significant difference between the grades of characteristics relating to DISH, χ2=19.596 

p=0.001.  

The median for each characteristic were: ankylosis = 3 (1-4.5), right side = 2 (1-3.5), disc space = 3 (3-

4), zygapophyseal space = 5 (2.5-5), extra spinal manifestation = 6 (2-6) and candlewax appearance = 

2 (1-2.5). There were no significant differences between the rankings of any of the characteristics in 

the post hoc tests when using the Bonferroni correction. However, the p values of the relationship 

between extraspinal manifestation and right sidedness, candlewax appearance and extraspinal 

manifestations, and candlewax appearance and zygapophyseal space were approaching significance 

at this level. Due to the small sample size, it is possible that the significance level of the Bonferroni 

correction is too conservative. When not using the correction the ranks between multiple 

characteristics were significant. Full results are listed in Appendix 10.6.1, Table 10.2. 

 

6.1.3.3 Ankylosing Spondylitis 

 

Question 17 asked participants to describe changes characteristic of AS in their own words. It was hard 

to separate out responses into themes. Answers were quite variable in their inclusion of specific 

characteristics, with many being mentioned by only 3 respondents or fewer. Most answers centred 

around spinal fusion and ankylosis (83%; n=15), with changes being bamboo like in appearance (39%; 

n=7). The most repeated characteristics were ossification of the sacroiliac joint (50%; n=9), fusion of 

the ribs (39%; n=7) progressive fusion from inferior to superior (33%; n=6) and ossification of ligaments 

(17%; n=3). One additional individual specified the ossification of the supra and infraspinous 

ligaments. Two individuals mentioned ossification of the annulus fibrosus and intervertebral disc. One 

response to this question was discounted as they stated AS was “shift in spine due to fracture of 

processes” which is the definition for spondylolisthesis. The responses to question 17 are visualised in 

Figure 6.17. 
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Characteristics of AS participants were asked to rank in question 21 were: ossification of the 

interspinous and supraspinous ligaments, spinal fusion, lack of skip lesions, symmetrical involvement 

of the sacroiliac joint, and bamboo spine, with options for all characteristics equally and “other” 

(Figure 6.18). 

Figure 6.17. Word cloud representing the codes commonly mentioned by 

respondents when describing ankylosing spondylitis. (Image by author) 
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Figure 6.18. The rankings participants applied to each characteristic of ankylosing spondylitis. Mean ranks are in bold. 

 

Based on the mean scores the most important changes for diagnosing AS according to participant 

ranks would be:  

1) spinal fusion (mean rank 1.9) 

2) ossification of interspinous and supraspinous ligaments, symmetrical fusion of the sacroiliac joints 

and “bamboo spine” (mean ranks 2.5 for all three) 

Analysing all changes equally also scored very highly amongst participants, while lack of “skip lesions” 

was less important. In responses marked “other” one individual simply ranked it as seventh, 

presumably to complete the series, while one individual ranked “other” as second, stating ossification 

intervertebral and costovertebral joints was highly important.  

Due to low response numbers for the categories “all” and “other” only ossification of ligaments, spinal 

fusion, lack of skip lesions, symmetrical SI involvement and bamboo appearance were included in the 

Friedman test. There was a statistically significant difference between the grades of characteristics 

relating to AS, χ2= 6.891 p=0.002.  

The median for each characteristic was ossification of ligaments = 2 (1.5-3.5), spinal fusion = 2 (1-3), 

lack of skip lesions = 5 (3-5), symmetrical SI involvement = 2 (1.5-3.5), and bamboo appearance = 3 (1-

4). There was a significant difference found in the relationship between spinal fusion and lack of skip 

lesions when using the Bonferroni correction. Full results are listed in Appendix 10.6.1, Table 10.3. 
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6.1.3.4 Degenerative Disc Disease 

 

Question 18 asked participants to describe changes characteristic of DDD in their own words. Changes 

that the participants described could be grouped into changes of the vertebral body and changes to 

the joint margins. Five of the respondents listed changes without stating where on the vertebrae they 

occurred.  

Changes to the vertebral body were stated as occurring on the surfaces or endplates (61%; n=11). The 

most common change was porosity or pitting (83%; n=15). Also mentioned were erosions or bone loss 

(17%; n=3), eburnation (17%; n=3), Schmorl’s nodes (11%; n=2), nodular surface bone (6%; n=1) and 

ivory deposits (6%; n=1). When considering changes to the margins of the vertebral body, 14 

participants (78%) explicitly mentioned osteophytes, with a further two mentioning “lipping” or 

“abnormal bone growth”. Also mentioned were fusion (6%; n=1), altered joint contour (6%; n=1), and 

joint malformation (6%; n=1)(Figure 6.19). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics of DDD participants were asked to rank in question 22 were: pitting on the endplates, 

spondylosis/vertebral osteophytosis, Schmorl’s nodes and endplate defects, with options for all 

characteristics equally and “other” (Figure 6.20). 

Figure 6.19. Word cloud representing the codes commonly mentioned by respondents 

when describing  degenerative disc disease. (Image by author) 
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Figure 6.20. The ranking of different characteristics of degenerative disc disease. Mean ranks are in bold. 

 

Based on the mean scores from the participants grading, the most important traits were pitting on the 

endplates and spondylosis/vertebral osteophytosis (mean ranks 1.7), reflecting how frequently they 

were mentioned in answers to question 18. Additionally, they were the highest ranked characteristics. 

Not every participant chose to rank Schmorl’s nodes, endplate defects, all changes together or 

“other”. If the outlier of the single individual who ranked osteophytes as fourth most important is 

discounted, then the mean would rank osteophytes as the most important characteristic change in 

DDD. 

Due to low response numbers for the categories “all” and “other” only pitting, vertebral 

osteophytosis, Schmorl’s nodes, and endplate defects were compared in the Friedman test. There was 

a statistically significant difference between the grades of characteristics relating to DDD, χ2 = 8.217 p 

= 0.042. Post hoc analysis with Wilcoxon signed-rank tests and Bonferroni correction was conducted 

to see which diagnostic characteristics had significantly different rankings. The median for pitting, VO, 

Schmorl’s nodes, and endplate defects were 2 (1-3), 1.5 (1-2), 2.5 (1.75-5) and 3 (2.75-4) respectively. 

When using the Bonferroni correction there was a significant difference in the ranks given to endplate 

defects and pitting and between the ranking of endplate defects and vertebral osteophytosis. When 

being less conservative and not using the correction there were no other significantly different 

relationships. Full results are listed in Appendix 10.6.1, Table 10.4. 
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6.1.4 Analysis by experience 
 

Participant responses were divided and analysed in terms of experience in two ways. Firstly, they were 

separated by years of experience in their respective fields, secondly, they were separated on the basis 

what kinds of research, outside the general recording of pathological conditions they had undertaken, 

e.g., if they had explored disease prevalence within a population. Initially, participants were divided 

based on how frequently they recorded skeletal pathology, but there was high variation in frequency 

across participants by years of experience and by occupation (Figures 6.21 and 6.22). It was also 

thought that, while individuals may currently only record skeletal pathology on a bi-annual or yearly 

basis, the question did not explore how often individuals were currently handling and analysing 

skeletal remains specifically for pathological vertebral conditions, nor how often they had done so 

throughout their career. It should also be noted that one individual (6-10 years of experience, staff-

academic) did not complete the question on frequency of recording skeletal pathology so would have 

had to be discounted in the analysis if recording frequency was explored.  

 

Figure 6.21. Distribution of participants by frequency of recording skeletal pathology against their years of experience. 

 

Figure 6.22. Distribution of participants by frequency of recording skeletal pathology against their occupation. 
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6.1.4.1 Analysis by years of experience 

 

Participants were analysed to see if there was a trend in experience and occupation (Figure 6.23). 

Academic staff tended to either have over 26 years of experience or fall into the 6-10 year category. 

Those who were identified as postgraduate PhD students all had fewer than 15 years of experience, 

with the majority falling into the 6-10 year category. Of all the occupations, commercial specialist was 

the most variable in terms of years of experience, ranging from 0-25 years. Trends could not be 

established for post-doctoral or independent researchers/specialists as there was only one individual 

from each background who participated in the survey.  

Figure 6.23. Distribution of participants by occupation against years of experience. 

 

Due to the variability in years of experience for each occupation, for this analysis three groups of 

individuals were created; 1) Early career (0-10 years, n=9), 2) Established career (11-20 years, n=4), 3) 

Well established career (21+ years, n=5). Individuals were all educated to the same minimum 

standard, so to class some individuals as “inexperienced” would have been inaccurate and 

inappropriate.  

 

6.1.4.1.1 Years of Experience – methods used by participants 

 

Early career (ERC) participants provided detailed answers explaining examination and recording 

procedures. Only one of nine individuals did not answer the question. Amongst the remaining eight, 

half the participants mentioned recording changes by presence and absence, with five individuals 

listing specific changes they would look for (e.g., eburnation, porosity). Five participants also described 
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themes of observation and recording. Detail and description were an important feature of ERC 

answers, being emphasised by five participants.  

Established career (ESC) participants were also detailed in their answers. The four individuals in this 

category could be divided into two groups (n=2). The descriptions of two respondents described 

themes observation and recording, while two were more focused on the recording aspect. Those who 

focused on the recording aspect listed changes they would look for in vertebral remains (e.g., 

osteophytes, Schmorl’s nodes) and they would describe pathology within their recording forms 

(“additional observations in an archive document” “recorded in detail in free text at the end of the 

recording form”). These two individuals also described looking for the presence and absence of the 

changes they named. Those who talked equally of observing and recording mentioned looking at the 

“macroscopic” morphology and did not list individual changes they would look for.  

The well-established career (WEC) participants were more succinct in their answers. Five individuals 

were included in this category. One individual simply answered, “As outlined in Rogers & Waldron… 

1995”, one further individual mentioned Rogers and Waldron (1995) and was more focused on the 

recording aspect of the question. This respondent was also the only individual in any of the three 

groups who talked about the prevalence rates of pathological conditions observed. The remaining 

three WEC respondents described visual “macroscopic” observation of vertebrae followed by 

recording.  

Questions 9, 11, 12 and 13 also asked about the methods used to identify and record spinal pathology 

(Table 6.4). 
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Table 6.4. Results of questions 9, 11, 12a and 13 as divided by years of experience. ERC n=9, ESC n=4, WEC n=5. 

 

Question 12b was an open ended question which asked participants to describe surfaces they would 

individually consider when analysing a vertebra. When analysed by group, eight of the nine ERC 

respondents answered this question. All eight (100%) stated looking at the body and facets or articular 

surfaces separately. Only three (38%) mentioned looking at changes to areas “beyond” the joints such 

as the arch or spinous processes. Two individuals (25%) talked about looking at surfaces in an “ad hoc” 

manner depending on the pathological changes seen. All four ESC respondents completed this 

question, and all individuals (100%) mentioned dividing the vertebra into body and facets. Two 

individuals (50%) mentioned looking at areas beyond the joints, two (50%) explicitly mentioned the 

costal facets. Two ESC individuals (50%) spoke of dividing the surfaces into “upper and lower” or 

“superior and inferior”, this included the body and articular facets. Finally, all five WEC individuals 

completed the question and again, divided the vertebrae by facets and body. All five WEC respondents 

(100%) described analysing the superior and inferior surfaces of the vertebral bodies. Only one 

individual (20%) spoke of dividing the facets into superior and inferior. However, the remaining four  

Question  Responses 

9 Does the recording form or database you use to record skeletal remains contain a specific 
section for recording vertebral pathology? 

 Yes No  Unsure Other  

ERC  4 4 1 0 

ESC 2 1 0 1 

WEC 4 0 0 0 

11 Do your methods involve a grading system for the severity of bone changes, or do you 
simply measure the presence and absence of different characteristics? 

 Grade 
severity 

Presence and 
Absence 

Both Depends on 
aims 

Other 

ERC 1 3 2 3 0 

ESC 1 0 1 1 1 

WEC 0 0 2 2 1 

12a Do you examine the vertebra as a single unit or do you divide each vertebra into multiple 
surfaces for analysis e.g. body and articular facets? 

 As a whole Divided into 
multiple areas 

Both  

ERC 3 4 2 

ESC 0 3 1 

WEC 0 5 0 

13 Are you more interested in the identification of potential skeletal pathology or describing 
the type and severity of the bone changes regardless of identification? 

 Identification Type/Severity Both Equally Depends  Other 

ERC 1 0 5 3 0 

ESC 0 0 3 1 0 

WEC 1 0 2 1 1 
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 (80%) all stated considering the “all joints” or “the small joints separately”. Three of the five (60%)  

explicitly mentioned the costal facets, three (60%) mentioned changes “beyond” the joints (also 

including one individual who looked for changes in the ligamentum flavum). Interestingly one  

individual (20%) mentioned changing their approach depending on whether they required “detailed” 

or “standard” approach, which depended on time and money for the work being undertaken. 

Differences were noted in the sources and references used by the different groups (Table 6.5). WEC 

individuals were most likely to use their own methods, and exclusively used their own recording forms 

and databases. 

Table 6.5. The answers to questions 8 and 10, as divided by years of experience. ERC n=9, ESC n=4, WEC n=5. 

Group Q8a. Is the method you use from published literature (e.g. a journal article or book), 
or is it of your own design? 

8b. Sources 
methods 
were based 
on 

 Published 
source 

Employer 
guideline 
based on 
published 
source 

Published 
source 
with my 
own 
changes 

Method is 
my own 
design 

Method is 
employers 
own design 

Method 
from 
professional 
organisation 

Other 

ERC 1 3 2 1 1 0 0 4 Waldron 
3 BABAO 
2 Ortner 
2 Roberts 
2 Add.  
1 Rogers & 
Waldron 

ESC 1 1 1 0 1 0 0 3 Ortner 
1 BABAO 
1 Roberts 
1Rogers & 
Waldron 
1 Clinical 

WEC 2 0 0 2 0 0 1 2 Rogers & 
Waldron 
2 Relevant  
2 Own 
changes 
1 Roberts 

Group Q10. If you use a recording form or database, is this of your own design or is it an official 
form/database provided to you by your employer/governing body? 

 Own 
recording 
form 

Form 
provided 
for me 

Own 
database 

Database 
provided 
for me 

I don’t use a 
form 

I don’t use a 
database 

 

ERC 4 2 3 1 1 0 

ESC 2 1 2 1 0 0 

WEC 4 0 2 0 0 0 
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There were no clear differences between the sources across the groups. ERC individuals put more 

details into their reference lists than the other groups  as evidenced in Table 6.6. 

Table 6.6. References cited in reporting spine pathology, as divided by years of experience. ERC n=9, ESC n=4, WEC n=5. 

 

 

Reference Group 

 ERC ESC WEC 

Aufderheide and 
Rodriguez Martin  

3 1 1 

Brickley and Ives 2008 1   

Bridges 1991   1 

Brothwell 1 (specifies “diseases 
in antiquity”) 

  

Buikstra and Ubelaker 1   

Depends on the 
pathology 

2  1 

Francois et al 1997 1   

Hillson 1986  1  

Jurmain  1 (1999) 1 (specifies 1995 and 
1999) 

1 (specifies 1999) 

Mann and Hunt  1 (specifies 2012)  

Ortner 5 3 2 (1 specifies 2003, 1 
specifies 2019) 

Other/specific sources 2  1 

Pinhasi 2008    

Resnick  1 (2002, volume 4)  1 (Specifies 1995 “all 6 
volumes”) 

Roberts and Cox 2003 1  1  

Roberts and 
Manchester 

2 (1 specifies 2010, 1 
specifies “Archaeology 
of Disease”) 

1  

Rogers and Waldron  1 (specifies 1990 field 
guide) 

 2 (1 specifies 1995 
field guide, 1 says all 
their work) 

Rogers 1990   1 

Salter 1999  1  

Too many to list  2 2 

Waldron and Rogers 
1991 

  1 

Waldron  4 (3 specify 2009, 1 
specifies no year) 

 1 (specifies 1994 
“Counting the dead”) 

Walker 1 (Specifies (Disease in 
London 1st to 19th 
century) 

  

Weiss and Jurmain 
2007 

 1  
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6.1.4.1.2 Years of experience – description and ranking of disease characteristics 

 

6.1.4.1.2.1 Years of experience - osteoarthritis 

 

For OA, eight of nine ERC respondents (89%) mentioned eburnation, eight (89%) mentioned porosity 

and eight (89%) mentioned osteophytes or new bone growth. Only seven individuals (79%) mentioned 

all three of these changes and four individuals (44%) simply listed changes without giving a location 

on the joint surface where these changes would occur. Other changes mentioned were joint contour 

and topography (44%; n=4). Five individuals (56%) described bone changes in terms of joint surface 

and joint margins. Only four individuals (44%) talked about diagnostic criteria, two followed Waldron’s 

definition (eburnation or two joint changes), while two stated OA could only be diagnosed if 

eburnation was present. The ranking scores from ERC participants can be seen in Figure 6.24. 

Three of four ESC respondents (75%) mentioned eburnation and porosity, while all four (100%) 

mentioned osteophyte growth. Only two (50%) mentioned joint contour changes. Both individuals 

mentioned diagnostic criteria following Waldron’s definition. Only one individual (25%) mentioned 

where on the joint degenerative changes would be found, the remaining three simply listed 

characteristics of OA. Due to small sample size ranking scores could not be plotted for ESC participants. 

Their ranking scores are shown in Table 6.7. 

All five WEC respondents (100%) listed eburnation, osteophyte growth and porosity, with two (40%) 

mentioning joint contour. Four individuals (80%) described diagnostic criteria, three matched 

Waldron’s definition of OA, and one stated OA could only be diagnosed from eburnation. Only two of 

five individuals (40%) stated the location of the joint changes relating to OA, the rest simply listed 

characteristic changes. Due to small sample size ranking scores could not be plotted for WEC 

participants. Their ranking scores are shown in Table 6.7. 
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Figure 6.24.  Rankings of osteoarthritis characteristics by early career respondents (n=9). Mean ranks in bold. 

 

Table 6.7.  Rankings of osteoarthritis characteristics by established career (n=4) and well established career respondents 

(n=5). 

OA Ranking 

Characteristic OP Por Jcon Eb All 

ESC Participants 
(11-20 years) 

1 3 3 2 - 

3 3 2 1 - 

4 4 4 1 4 

3 4 5 2 6 

Mean Rank 2.8 3.5 3.5 1.5 5.0 

WEC Participants 
(21+ years) 

- - - - 1 

3 3 2 1 - 

- - - - 1 

- - - - - 

4 3 2 1 - 

Mean Rank 3.5 3.0 2.0 1.0 1.0 

 

When analysing significance in the rankings of characteristics within groups, no significance was found 

(Table 6.8). 
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Table 6.8. Statistical difference of ranked data for DISH within the different groups, based on years of experience. 

Group Chi Value Significance 

ERC 2.000 0.572 

ESC 7.147 0.067 

WEC 5.842 0.120 

 

Statistical testing on the ranks of each characteristic between the groups was not possible due to the 

sample sizes of the groups and the way that two of the WEC participants had ranked changes leaving 

some responses blank. Therefore, the participants were re-divided into two groups, those with under 

10 years of experience and those with over 10 years of experience.  As not all individuals ranked all 

OA characteristics, focus of the analysis was on the importance of the most rated characteristic, 

eburnation. There was no significant difference in eburnation ranks (χ2=2.019, P=0.846). 

  

6.1.4.1.2.2 Years of experience – diffuse idiopathic skeletal hyperostosis 

 

For DISH answers from ERC participants were generally longer. The most consistently mentioned 

characteristics were wax like and flowing ossifications (100%; n=9), followed by ankylosis or fusion 

(78%; n=7), siding of lesions (67%; n=6 “right” and 11%; n=1 “unilateral”) and preservation of disc 

space (44%; n=4). The level of the spine affected by DISH and the number of vertebrae needed to 

diagnose the condition were also commonly mentioned, but less consistent in the answers. Spine 

levels mentioned were thoracic (33%; n=3), thoracic/lumbar (11%; n=1) and “lower” (11%; n=1). For 

the number of vertebrae involved, three individuals (33%) said 4+, one (11%) said 3+, one (11%) said 

3-4 and one (11%) simply said “several”. Three respondents (33%) mentioned extra spinal 

manifestation of DISH. The ranking scores from ERC participants can be seen in Figure 6.25. 

Answers from ESC participants were shorter. Three of four (75%) respondents described changes as 

wax like, and mentioned ankylosis, fusion or bridging of the vertebrae. Three responses (75%) 

mentioned ossification within the spine, one in terms of ossifying “soft tissue” and two referring to 

ossification of cartilage. Only one ESC respondent (25%) mentioned number of vertebrae needed for 

identification (4+) and the preservation of disc space, while none mentioned level of the spine affected 

or extraspinal manifestations. The ranking scores from ESC participants can be seen in Table 6.9. 

Like ESC responses, answers about the characteristics of DISH from WEC participants were shorter 

than ERC respondents. Unlike the other groups, the most mentioned changes were extra spinal 

ossifications (80%; n=4), followed by wax like appearance (n=3), joint and disc space preservation 
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(n=3), ankylosis or fusion (60%; n=3) and ossification of the anterior longitudinal ligament (60%; n=3). 

Three individuals (60%) mentioned siding of lesions, two said they were “one sided” or “unilateral”, 

one said they were “right” sided. Two (40%) mentioned spine levels involved, both said thoracic. Only 

one person (20%) mentioned the number of vertebrae required for identification (4+). The ranking 

scores from WEC participants can be seen in Table 6.9. 

 

Figure 6.25. Ranking of characteristics of diffuse idiopathic skeletal hyperostosis by early career respondents (n=9). Mean 

ranks in bold. 

Table 6.9. Ranking of characteristics of diffuse idiopathic skeletal hyperostosis by established career and well established 

career researchers. ESC n=4, WEC n=5. 

DISH Ranking  

Characteristic Ank RightSide DiscPres ZygPres XtraSpin Candle All Other 

ESC Participants 
(11-20 years) 

1 2 3 3 2 4 - - 

1 3 3 - 4 1 - - 

1 1 1 1 1 1 1 - 

5 4 3 2 6 1 7 - 

Mean Rank 2 2.5 2.5 2 3.3 1.8 4.0 - 

WEC Participants 
(21+ years) 

5 1 3 4 6 2 - - 

3 1 1 1 2 1 - - 

1 5 3 6 4 2 - - 

- - - - - - 1 - 

1 3 4 5 6 2 - - 

Mean Rank 2.5 2.5 2.8 4 4.5 1.8 1 - 
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Tests were carried out to see if there were significant differences in the rankings of the diagnostic 

characteristics within groups. Only the ERC group showed significant differences (Table 6.10). 

Table 6.10. Statistical difference of ranked data for DISH within the different groups, based on years of experience. ERC n=9, 

ESC n=4, WEC n=5. 

 

A post hoc Wilcoxon Signed-Rank test was undertaken on the data from the ERC group, using a 

Bonferroni correction. With the correction, no relationships between the rankings of diagnostic 

characteristics were significant (p=0.05), which could be due to small sample size. Without the 

correction applied the relationships between the rankings of preservation of zygapophyseal facets and 

right sided lesions, extra spinal manifestations and right sided lesions, preservation of zygapophyseal 

facets and preservation of disc space, and candlewax appearance and preservation of zygapophyseal 

facets were significantly different. Full results can be seen in Appendix 10.6.2 Table 10.5. 

As with OA, statistical testing on the ranks of each characteristic between the groups was not possible 

due to the sample sizes of the groups. Participants were re-divided into those with under 10 years of 

experience and those with over 10 years of experience.  As not all individuals ranked all DISH 

characteristics, focus of the analysis was on the importance of the most rated characteristics, ankylosis 

and right sided fusion. There was no significant difference in these ranks between groups (χ2=2.203, 

P=0.820). 

 

6.1.4.1.2.3 Years of experience – ankylosing spondylitis 

 

For AS, one ERC participant was discounted due to defining spondylolisthesis. Of the remaining eight 

answers, the most common theme of the answers was ankylosis or fusion of the vertebrae. This fusion 

was described as resulting from ossification of ligaments (50%; n=4), ossification of the annulus 

fibrosus (13%; n=1) or just “new bone formation” (13%; n=1). Also described was the involvement of 

the sacroiliac joint and pelvis (63%; n=5). Of these individuals, three described the progressive nature 

of AS moving up the spine and later involving fusion of the ribs to the vertebrae. Three respondents 

(38%) mentioned loss of disc space or having “no gaps” between vertebrae. Three individuals (38%) 

described changes as “bamboo” like. The ERC participants ranking scores can be seen in Figure 6.26. 

Group Chi Value Significance 

ERC 2.000 0.011 

ESC 6.588 0.989 

WEC 7.769 0.169 
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ESC participants also commonly described ankylosis and fusion of vertebrae (75%; n=3). Two 

individuals (50%) mentioned “bamboo spine”.  For one respondent this was their only listed 

characteristic. There was no mention of ossifications or the progressive nature of AS, and only one 

individual (25%) mentioned the sacroiliac joint and loss of disc space. The ranking scores from ESC 

participants can be seen in Table 6.11. 

All WEC participants described the ankylosis or fusion of the vertebrae. Two individuals (40%) 

described the structures that ossified in AS, one said the annulus fibrosus while one stated it was the 

vertebral ligaments. Three respondents (60%) talked about the progressive nature of AS moving up 

the spine and three mentioned fusions of the ribs and sacroiliac joint. Only two (40%) described the 

changes as “bamboo” like. Additionally, two respondents (40%) talked about the bilaterality of the 

disease, which is something individuals from the other groups did not mention. The ranking scores 

from WEC participants can be seen in Table 6.11. 

 

Figure 6.26. Ranks of the characteristics of ankylosing spondylitis by early career respondents (n=9). Mean ranks in bold. 
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Table 6.11. Ranked data for ankylosing spondylitis given by established career and well established career respondents. ESC 

n=4, WEC n=5. 

AS Rank 

Characteristic OssIntSup SpinFus LackSkip SymmSI Bamboo All Other 

ESC Participants 
(11-20 years) 

2 1 3 3 1 
 

- 

2 3 3 3 1 
 

- 

1 1 1 1 1 1 - 

3 2 5 4 1 6 - 

Mean Rank 2 1.75 3 2.75 1 3.5 - 

WEC 
Participants 
(21+ years) 

4 2 5 1 3 
 

- 

2 1 2 2 1 
 

- 

3 2 5 4 1 
 

- 

- - - - - 1 - 

4 1 5 2 3 
 

- 

Mean Rank 3.25 1.5 4.25 2.25 2 
 

- 

 

Friedman tests were carried out to see if there were significant differences in characteristic rankings 

within groups. All three groups showed significant differences (Table 6.12).  

Table 6.12. Statistical significance of the ranked data for characteristics of AS within each group by years of experience. ERC 

n=9, ESC n=4, WEC n=5. 

 

Post hoc analysis with Wilcoxon signed-rank tests was conducted using a Bonferroni correction. The 

results of these tests for each group can be seen in Appendix 10.6.2, Tables 10.6-10.8. No group 

showed significant differences between the rankings of diagnostic criteria with the correction applied. 

When the correction was removed only the ERC group showed significant differences in the ranks 

between characteristics, specifically bamboo spine and ossification of the interspinous and 

supraspinous ligaments, lack of skip lesions and spinal fusion, bamboo spine and spinal fusion, and 

symmetrical involvement of the sacroiliac joint and lack of skip lesions.  

Analysis of the characteristics between groups was undertaken when participants were re-divided into 

those with under 10 years of experience and those with over 10 years of experience.  The focus of the 

analysis was on the importance of the most rated characteristics, fusion, and bamboo spine 

appearance. There was no significant difference in these ranks between groups (χ2=2.472, P=0.781). 

 

 

 

Group Chi Value Significance 

ERC 11.360 0.023 

ESC 9.778 0.044 

WEC 10.827 0.029 
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6.1.4.1.2.3 Years of experience – degenerative disc disease 

 

For DDD ERC participants consistently mentioned porosity of the joint (89%; n=8) and osteophytic 

growth (78%; n=7). Within this, six described porosity of the joint surface and five described marginal 

osteophyte growth or “lipping”, with one mention of bone growth on the joint surface. Three of the 

nine respondents (33%) listed changes without specifying where on the joint surface they were 

located. Two individuals (22%) mentioned presence of Schmorl’s nodes. One individual (11%) 

mentioned the diagnostic criteria put forward by Waldron. The ranking scores from ERC participants 

can be seen in Figure 6.27. 

ESC participants were less detailed in their answers. Two (50%) simply listed changes, while the 

remaining two (50%) described the location of joint changes. All four (100%) mentioned osteophytes 

or abnormal bone growth, while only two (50%) mentioned porosity. Of those who described where 

joint changes occurred, both described marginal osteophytes and one described porosity and 

destruction of the surface of the vertebral body. ESC participant ranks can be seen in Table 6.13. 

The answers describing DDD by WEC participants were the most consistent. All five (100%) mentioned 

porosity and osteophyte growth and at least one location where they would look for these 

characteristic changes. All five (100%) mentioned porosity on the surface of the vertebral body, while 

four (80%) mentioned marginal osteophytes and two (40%) mentioned new bone formation on the 

surface of the vertebral body. The ranking scores from ESC participants can be seen in Table 6.13. 

 

Figure 6.27. The ranking of characteristics of degenerative disc disease by early career respondents. Mean ranks in bold. 
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Table 6.13. Ranked data for degenerative disc disease given by established career and well established career respondents. 

DDD Rank 

Characteristic Pit VO Schmorl EndDef All Other 

ESC Participants (11-20 years) 2 1 2 2 - - 

1 2 - - - - 

1 1 5 1 - - 

3 2 1 4 5 - 

Mean Rank 1.8 1.5 2.7 2.3 5.0 - 

WEC Participants (21+ years) 1 2 6 3 - - 

1 1 - - - - 

2 1 - - - - 

1 2 - 3 - - 

1 2 - - - - 

Mean Rank 1.2 1.6 6.0 3.0 - - 

 

Friedman testing showed no significant differences in the ranks of characteristics within groups (Table 

6.14). The WEC group could not be tested due to small sample size and participants not ranking each 

characteristic.  

Table 6.14. Statistical difference of ranked data for degenerative disc disease within the different groups, based on years of 

experience. 

Group Chi Value Significance 

ERC 5.200 0.158 

ESC 2.455 0.484 

WEC Can’t test due to sample size 

 

Analysis of the characteristics between groups was undertaken when participants were re-divided into 

those with under 10 years of experience and those with over 10 years of experience.  The focus of the 

analysis was on those participants who had and had not included a rank for Schmorl’s nodes as this is 

where the largest difference lay in the data. However, when analysed there was no significant 

difference in these ranks between groups (χ2=1.238, P=0.941). 

 

6.1.4.2 Analysis by research experience  

 

As with the analysis by years of experience, firstly the responses were analysed in terms of occupation 

vs types of research experience (Figure 6.28). Trends could not be established within post-doctoral or 

independent specialists due to having only one respondent in each of those categories. In all the 

remaining occupations, researchers were more likely to have undertaken general skeletal pathology 
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research. This was especially true for academic staff, where four of five individuals had carried out 

such research. In terms of research looking specifically at vertebral pathology, PhD students were less 

likely to have undertaken such research, with only two of five having conducted studies in this area. 

Academic staff were also more likely to have undertaken this research (n=3), while commercial 

specialists were equally likely to have undertaken studies specifically on vertebral pathology (n=3 for 

both). 

 

Figure 6.28. Distribution of participants research background based on their occupation. GPR = general pathology research. 

VPR = vertebral pathology research. 

 

Due to the variability by occupation, and following on from the initial demographic analysis, 

participants were divided by research experience into three groups: 

1) those who had undertaken no pathology or vertebral pathology specific research (NR n=5) 

 2) those who had undertaken pathology (but not vertebral specific) research (GR n=4) 

3) those who had undertaken both general and vertebral pathology specific research (VR n=9) 

These groups were decided because, while those who had not undertaken any pathology research 

may have had experience analysing skeletal remains for pathological conditions, it could indicate that 

they may have less experience in this area. Whilst all those with over 21 years of experience had 

carried out both types of research (Figure 6.29), there were three individuals in the “Early Career” 

category who had undertaken vertebral pathology specific research. These individuals therefore 

deserved their responses to be considered in conjunction with other experienced researchers.  
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Figure 6.29. Distribution of the participant research background based on their years of experience. GPR = general pathology 

research. VPR = vertebral pathology research. 

 

6.1.4.2.1 Research Experience – methods used by participants 

 

The “no research group” (NR, n=5) were more focused on detailed observation and recording, with 

the need for detailed descriptions of pathological conditions mentioned by four of five individuals 

(80%). Only one individual (20%) in the group purely focused on the recording aspect of the question 

but did talk about the use of free text to describe pathological lesions. Only two individuals (40%) 

spoke about recording changes in terms of presence and absence, in both instances responses 

described changes they would look for (osteophytes, porosity, eburnation, and Schmorl’s nodes). Only 

two respondents (40%) mentioned use of published literature or accepted guidelines, with one 

mention of Ortner. Four individuals (80%) spoke of looking for “abnormalities” or that they “look for 

identifying pathologies”. 

Amongst the “general research” group (GR, n=4) one individual left question 7 blank. Of the remaining 

three answers, two individuals (66%) mentioned the use of published literature and standards, with 

one reference to Waldron’s “Palaeopathology” textbook. This individual also described looking for 

specific changes (porosity, new bone formation) in terms of presence or absence and diagnosing 

diseases according to Waldron’s criteria. All three individuals (100%) in this category described their 

methods in terms of observation and recording and all three mentioned uses of photography or 

additional imaging techniques such as radiographs or microscopy to document and identify 

pathological conditions. One individual (33%) in this group mentioned specific diseases they look for, 

mainly focusing on osteoarthritis and intervertebral disc disease. They also described looking for 
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“morphological abnormalities” such as scoliosis and kyphosis. The remaining two individuals spoke of 

general macroscopic analysis and examination of individual vertebra. 

The “vertebral research” group (VR, n=9) were more mixed in their answers to question 7. Five 

individuals (56%) focused on the recording aspect of the question, while four (44%) described stages 

of observation and recording. Five individuals (56%) in this group mentioned specific changes they 

would look for on vertebrae, including porosity, osteophytes and Schmorl’s nodes. These five 

individuals also talked about specific diseases they would look for, including osteoarthritis, DISH, AS 

and tuberculosis. The theme amongst these responses was that vertebrae are generally recorded for 

common changes (e.g., pitting, osteophytes, and osteoarthritis) but “additional observations” about 

diseases such as DISH are recorded separately “if possible” or “where appropriate”. Three of the nine 

VR respondents (33%) specifically mentioned taking detailed descriptions of lesions. Three (33%) also 

referenced published literature and standards of recording, all three mentioned Rogers and Waldron, 

with one mentioning use of the textbooks by Waldron and Ortner. This individual also emphasised use 

of such texts to make sure their terminology and diagnostic criteria were correct.  

Questions 9, 11, 12 and 13 also asked about the methods used to identify and record spinal pathology. 

The results of these questions divided by years of experience can be seen in Table 6.15. 
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Table 6.15. Results of questions 9, 11, 12a and 13 as divided by research experience. NR n=5, GR n=4, VR n=9. 

 

When analysed by group, almost all participants explicitly mentioned examining the vertebral body. 

Amongst the NR group all five mentioned the body, with four of the five individuals (80%) spoke about 

looking at the “articular facets”. In the GR group one of the four individuals failed to answer the 

question, one (33%) described looking at “all articular surfaces”, with the remaining two individuals 

(66%) explicitly stating they looked at the body and facets, both also mentioned looking at areas such 

as the spinal processes. All individuals in the VR group (100%; n=9) mentioned looking at the vertebral 

body, with five (56%) mentioning facet joints, and four (44%) explicitly mentioning the costal facets. 

Four individuals (44%) in this group also described looking “beyond the joints” at areas such as the 

transverse processes, arch, and areas of attachment for the ligamentum flavum. This group also had 

two individuals (22%) who described methods of analysis and division explicitly relating to their 

research and was the only group who had an individual describing changing their approach depending 

on the level of detail required for their work.  

Question  Responses 

9 Does the recording form or database you use to record skeletal remains contain a 
specific section for recording vertebral pathology? 

 Yes No  Unsure Other  

NR 1 2 1 1 

GR 2 2 0 0 

VR 7 1 0 0 

11 Do your methods involve a grading system for the severity of bone changes, or do 
you simply measure the presence and absence of different characteristics? 

 Grade severity Presence and 
Absence 

Both Depends on the 
research aims 

Other 

NR 1 1 2 1 0 

GR 0 1 1 2 0 

VR 1 1 2 3 2 

12a Do you examine the vertebra as a single unit, or do you divide each vertebra into 
multiple surfaces for analysis e.g. body and articular facets? 

 As a whole Divided into 
multiple areas 

Both  

NR 0 3 2 

GR 2 2 0 

VR 1 7 1 

13 Are you more interested in the identification of potential skeletal pathology or 
describing the type and severity of the bone changes regardless of identification? 

 Identification Type/Severity Both equally Depends on the 
research 

Other 

NR 0 0 3 2 0 

GR 1 0 2 1 0 

VR 1 0 5 2 1 
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Differences were noted in the sources and references used by the different groups. For example, the 

VR group were the only individuals who stated using methods of their own design, while the NR group 

were more likely to use methods from their employers. This was also mirrored in question 10. The 

results from question 8 and 10 can be seen in Table 6.16. 

Table 6.16. Sources of methods respondents used as divided by research experience. NR n=5, GR n=4, VR n=9. 

 

In terms of literature sources cited, seen in Table 6.17, Ortner’s pathology textbook was a common 

theme across all groups. The VR group were more likely to reference works by Rogers and Waldron. 

One VR respondent listed multiple works by these authors within this question, while another 

Group Q8a. Is the method you use from published literature (e.g. a journal article or 
book), or is it of your own design? 

8b. Sources 
methods are 
based on  Published 

source 
Employer 
guideline 
based on 
published 
source 

Published 
source 
with my 
own 
changes 

Method 
is my 
own 
design 

Method is 
employers 
own 
design 

Method 
from 
professional 
organisation 

Other 

NR 2 1 0 0 2 0 0 2 Ortner 
1 Roberts 
1 Waldron 
1 MOLA 
1 Mann and Hunt 
1 Buikstra and 
Ubelaker 
1 Mercyhurst 
University 

GR 0 2 1 0 0 1 0 2 BABAO 
1 Buikstra and 
Ubelaker 
1 Ortner 
1 Waldron 
1 Jurmain 
1 Steckel 
1 Additional 
literature 

VR 2 1 2 3 0 0 1 4 Rogers and 
Waldron 

Q10. If you use a recording form or database, is this of your own design or is it an official form/database 
provided to you by your employer/governing body? 

 Own recording 
form 

Form provided 
for me 

Own database Database 
provided for 
me 

I don’t 
use a 
form 

I don’t use 
a database 

NR 1 2 1 1 1 0 

GR 2 1 3 0 0 0 

VR 7 0 3 1 0 0 
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mentioned Rogers and using “all her work on osteoarthritis” and “ditto” for Waldron. The VR group 

also had the highest number of individuals (33%; n=3) stating they go on to use specific literature 

further to the “standard” texts. 

Table 6.17. Sources respondents cite when reporting pathology as divided by research experience. NR n=5, GR n=4, VR n=9. 

Reference Group 

 NR GR VR 

Aufderheide and 
Rodriguez Martin  

 1 3 

Brickley and Ives 2008   1 

Bridges 1991   1 

Brothwell 1967  1  

Buikstra and Ubelaker 1   

Depends on the 
pathology 

 1 1 

Francois et al 1997   1 

Hillson 1986   1 

Jurmain   1 (1995 and 1999) 2 (both specify 1999) 

Mann and Hunt 
(2012) 

1   

Ortner 3 (1 specifies 2003, 1 
specifies 2019, 1 
specifies no year) 

2 (1 specifies 1985, 1 
specifies 2003) 

4 (3 specify 2003, 1 
doesn’t specify year) 

Other/specific sources  1 3 

Pinhasi 2008   1 

Resnick    2 

Roberts and Cox 2003 1  1 

Roberts and 
Manchester 

1  2 

Rogers and Waldron    3 (1 specifies 1990 
field guide, 1 specifies 
1995 field guide, 1 
says all their work) 

Rogers 1990   1 

Salter 1999   1 

Too many to list 1  1 

Waldron and Rogers 
1991 

  1 

Waldron  1 1 2 (1 specifies 2009, 1 
specifies 1994) 

Walker 1 (specifies “disease in 
London”) 

  

Weiss and Jurmain 
2007 

 1  
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6.1.4.2.2 Research experience – description and ranking of disease characteristics by participants 

 

6.1.4.2.2.1 Research experience – osteoarthritis 

 

For OA all five NR respondents listed lesions they felt were characteristic of the disease. The most 

common themes in the answers were the importance of porosity and osteophytes, with four 

respondents (80%) listing these. Only 3 individuals (60%) talked about eburnation as a trait. These 

individuals were more detailed in their answers mentioning additional traits such as the presence of 

joint lipping (33%; n=1/3) or changes to contour (33%; n=1/3), cysts (33%; n=1/3) and location of the 

different characteristics on the joint (66%; n=2/3). Out of the five answers only two (40%) mention 

diagnostic characteristics, with one individual talking about Waldron’s definition of OA and one stating 

OA could only be diagnosed through eburnation. The grade rankings for OA by the NR group can be 

seen in Table 6.18. 

Of the GR all four talked about osteophytes, eburnation, and porosity. Two individuals (50%) simply 

listed traits, while the other two (50%) described where those changes would take place, on the joint 

surface or the margins. Only one individual (25%) talked about criteria for diagnosis, and this was in 

accordance with Waldron’s operational definition. This individual was also the only individual to 

explicitly mention joint contour. The grade rankings for OA by the GR group can be seen in Table 6.18. 

In the VR group, all nine individuals listed multiple characteristics of OA, and all talked about the 

importance of eburnation. Only eight individuals (89%) mentioned porosity and osteophytes, while 

four (44%) mentioned joint contour, with an additional respondent talking about general changes to 

the joint morphology. Only three of the nine individuals (33%) talked about the location where joint 

changes occurred in terms of joint margin and surface. In contrast to the other groups, seven 

respondents (78%) talked about diagnostic criteria. Five respondents (72%; n=5/7) had definitions 

matching that described by Waldron in his Palaeopathology textbook, with one respondent explicitly 

mentioning Rogers/Waldron’s guidelines in their answer. Two individuals (28%; n=2/7) said OA could 

only be diagnosed by presence of eburnation, one mentioning the PhD thesis by Davina Craps this 

definition is based on. Only one individual (11%) in the VR group mentioned the fact that OA could 

only be diagnosed on synovial joints, this was the only individual out of any group to mention this in 

their answer. The grade rankings for OA by the VR group can be seen in Table 6.18. 
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Table 6.18. Ranking of osteoarthritis characteristics by groups based on research experience. NR n=5, GR n=4, VR n=9. 

OA Ranking  

Characteristic OP Por Jcon Eb All Other 

NR Participants 
 

1 3 3 2 - - 

4 3 2 1 5 - 

4 4 4 1 4 - 

2 3 4 1 - - 

3 1 2 5 - - 

Mean Rank 2.8 2.8 3.0 1.8 4.5 - 

GR Participants 
 

- - - 1 - 2 

1 2 3 4 5 6 

2 3 4 1 - - 

3 4 5 2 6 - 

Mean Rank 2.0 3.0 4.0 2.0 5.5 4.0 

VR Participants - - - 1 - - 

3 3 2 1 - - 

- - - - 1 - 

3 3 2 1 - - 

- - - - 1 - 

- - - - - - 

4 3 2 1 - - 

- - - 1 - 2 

2 4 3 1 - - 

Mean Rank 3.0 3.3 2.3 1.0 1.0 2.0 

 

Friedman tests were carried out to see if there were significant differences in characteristic rankings 

within groups (Table 6.19). The VR group showed significant differences. Post hoc Wilcoxon signed-

rank tests were carried out. There were no significant relationships if a Bonferroni correction was 

used. Without a correction applied the relationship between the ranked data of joint contour and 

porosity was significantly different, p=0.046. Full results can be seen in Appendix 10.6.3 Table 10.9. 

Table 6.19. Statistical difference of ranked data within the different groups by research experience. NR n=5, GR n=4, VR n=9. 

Group Chi Value Significance 

NR 2.333 0.506 

GR 4.200 0.241 

VR 9.789 0.020 

 

6.1.4.2.2.2 Research Experience – Diffuse Idiopathic Skeletal Hyperostosis 

 

For DISH four of five NR respondents (80%) described bone changes of DISH as being “wax like”. Two 

individuals talked about these growths as being osteophytes and abnormal bone, of whom one 

described bone changes as being related to ossification of soft tissue. Two individuals did not discuss 

the structure of the growths simply the appearance. Only three of the five (60%) mentioned fusion or 
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bridging of the vertebrae. These were the only individuals to talk about the number of vertebrae which 

needed to be fused for diagnosis. This varied from 3-4, 4+ and “several”, only one of these respondents 

(33%; n=1/3) stated it was “continuous” vertebrae that needed to be fused for diagnosis. Two 

respondents (66%; n=2/3) talked about the siding of lesions, one referring to DISH being right sided 

and one simply saying growths were “unilateral”. Only one of these respondents (33%; n=1/3) 

mentioned the level of the spine affect by DISH, saying “typically thoracic/lumbar”. One respondent 

(33%; n=1/3) mentioned ossification of the muscle insertions and “entheseal changes”, but there were 

no explicit mentions of extraspinal manifestations of DISH, preservation of joint spaces or the 

progressive nature of the condition. The grade rankings for DISH by the GR group can be seen in Table 

6.20. 

All four of the GR researchers (100%) mentioned the “wax like” appearance of DISH, and all answers 

described the fusion of vertebrae. Two individuals in the GR group (50%) provided short answers 

listing traits, the remaining to individuals provided more detail in their answers. These more detailed 

responses both talked about the fact changes occurred in the right side of the spine and that at least 

four vertebrae needed to be fused for diagnosis. Only one of these answers stated that “consecutive” 

vertebrae needed to be fused. This individual also talked about the ossification of the anterior 

longitudinal ligament being important in DISH and the progressive nature of DISH. Both respondents 

who provided longer answers talked about the preservation of disc space and the level of spine 

affected but disagreed on this point with one saying lesions were in the thoracic area and the other 

simply saying they were in the “lower” spine. This individual was the only one in the GR group who 

mentioned the extra spinal manifestations of DISH. The grade rankings for DISH by the GR group can 

be seen in Table 6.20. 

In contrast to the other groups, most of the VR group described the preservation of disc and joint 

space as being characteristic of DISH (89%; n=8). This was the most prevalent theme in the descriptions 

of DISH by this group, followed by descriptions of siding. Four individuals (44%) stated lesions were 

right sided, while three (33%) said they were unilateral, within this, two individuals mentioned the 

progression of DISH to include both sides of the vertebrae at later stages, one of whom mentioned 

diagnosis of “early DISH”. Six of the nine respondents (66%) also talked about the extra spinal 

manifestations, with one explicitly describing how variable the inclusion of such manifestations was 

in diagnostic criteria of the condition. Themes also mentioned included the wax like or flowing 

appearance of lesions (78%; n=7), the region of the spine in which lesions developed (44%; n=4 

“thoracic”) and the fusion of the anterior longitudinal ligament (44%; n=4). Another prevalent theme 

was the discussion of how many vertebrae needed to exhibit signs of fusion for diagnosis (56%; n=5). 

Two respondents specified 4+, 1 specified 3 and 2 stated “several”. Four of these individuals stated 
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fusion must be contiguous or “complete”. The grade rankings for DISH by the VR group can be seen in 

Table 6.20. 

Table 6.20. The ranked data for characteristics of diffuse idiopathic skeletal hyperostosis by participants grouped by research 

experience. NR n=5, GR n=4, VR n=9. 

DISH Ranking 

Characteristic Ank RightSide Discpres ZygPres XtraSpin Candle All Other 

NR Participants 
 

1 2 3 3 2 4 - - 

6 5 3 4 7 2 1 - 

1 1 1 1 1 1 1 - 

3 1 4 5 6 2 - - 

4 2 5 6 1 3 - - 

Mean Rank 3.0 2.2 3.2 3.8 3.4 2.4 1 - 

GR Participants - - - - - - 1 - 

4 1 3 5 6 2 7 8 

3 2 4 5 6 1 - - 

5 4 3 2 6 1 7 - 

Mean Rank 4.0 2.3 3.3 4.0 6.0 1.3 5.0 8.0 

VR Participants 1 2 3 5 6 4 8 7 

1 3 3 - 4 1 - - 

5 1 3 4 6 2 - - 

3 1 1 1 2 1 - - 

1 5 3 6 4 2 - - 

- - - - - - 1 - 

1 3 4 5 6 2 - - 

- - - - - - - 1 

- - - - - - 1 - 

Mean Rank 2.0 2.5 2.8 4.2 4.7 2.0 3.3 4.0 

 

Friedman tests to see if there were significant differences in characteristic rankings within groups 

showed no significant differences (Table 6.21).  

Table 6.21. Statistical significance of relationships of ranked data for DISH within the groups divided by research experience. 

NR n=5, GR n=4, VR n=9. 

Group Chi Value Significance 

NR 3.623 0.605 

GR 11.000 0.051 

VR 10.455 0.063 
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6.1.4.2.2.3 Research Experience – Ankylosing Spondylitis 

 

For AS, one of the answers in the NR group was the discounted answer which described 

spondylolisthesis. Of the remaining four answers, the main theme was talking about the fusion of 

vertebrae (75%; n=3). Other changes described were more variable with only one individual (25%) 

talked about involvement of the sacroiliac and costovertebral joints, one respondent (25%) mentioned 

“abnormal bone formation” at the margins of the vertebral bodies and one (25%) described the 

disease as being “bamboo” like. Two individuals (50%) mentioned disc space involvement but 

disagreed with one saying space was preserved and the other saying there was “no gaps between 

fused segments”. There was no mention of siding or regions of the spine that AS affects. The grade 

rankings for AS by the NR group can be seen in Table 6.22. 

Like the NR group, amongst answers by the GR individuals the main reoccurring theme was discussion 

of vertebral fusion and ankylosis (75%; n=3). Two of the four individuals (50%) explicitly talked about 

the ossification of ligaments being part of the disease process and causing the fusion seen. Two 

respondents (50%) also described involvement of the sacroiliac joint, reduction of disc space and the 

“bamboo” like appearance of the disease. One of these participants provided a quite detailed 

description of AS, mentioning erosions of the vertebral bodies, the progressive nature of the disease 

moving up the spine through the lumbar and thoracic regions and radiographic “square” appearance 

of vertebral bodies. Other descriptions of the disease were not as detailed. The grade rankings for AS 

by the GR group can be seen in Table 6.22. 

All nine of the VR group (100%) talked about the fusion and ankylosis of vertebrae, with the next most 

mentioned theme being involvement of the pelvis and sacroiliac joint (66%; n=6). Five of these 

individuals were also those who described the progressive nature of the disease starting in the lower 

regions of the spine before progressing superiorly. Only four participants (44%) mentioned the 

“bamboo like” appearance of the spinal ossifications. When it came to stating which areas of the spine 

ossified, three respondents (33%) described changes being in the spinal ligaments, while two (22%) 

mention ossification of the annulus fibrosus. Only two respondents (22%) mentioned loss of disc space 

over the course of the disease. One individual (11%) described bone growths as being 

“syndesmophytes”, while another (11%) described them as “enthesophytes”. The grade rankings for 

AS by the VR group can be seen in Table 6.22. 
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Table 6.22.  The ranked data for characteristics of ankylosing spondylitis by participants grouped by research experience. NR 

n=5, GR n=4, VR n=9. 

AS Ranking 

Characteristic OssIntSup SpinFus LackSkip SymmSI Bamboo All Other 

NR Participants 
 

2 1 3 3 1 - - 

5 3 4 2 6 1 - 

1 1 1 1 1 1 - 

- - - - - 1 - 

1 3 4 2 5 - - 

Mean Rank 2.3 2.0 3.0 2.0 3.3 1.0 - 

GR Participants - - - - - 1 - 

2 3 5 1 4 6 7 

1 2 5 3 4 - - 

3 2 5 4 1 6 - 

Mean Rank 2.0 2.3 5.0 2.7 3.0 4.3 7.0 

VR Participants 2 1 5 4 3 6 7 

2 3 3 3 1 - - 

4 2 5 1 3 - - 

2 1 2 2 1 - - 

3 2 5 4 1 - - 

- - - - - 1 - 

4 1 5 2 3 - - 

- 1 - 3 1 - 2 

- - - - - 1 - 

Mean Rank 2.8 1.6 4.2 2.7 1.9 2.7 2.0 

 

Friedman tests were carried out to see if there were significant differences in characteristic rankings 

within groups. The ranked data for AS in the VR group showed significant differences, p=0.014 (Table 

6.23). Post hoc Wilcoxon signed-rank tests with a Bonferroni correction found no significant 

differences in the ranks VR participants assigned characteristics. However, without the correction the 

difference between rankings for lack of skip lesions and ossifications of the interspinous and 

supraspinous ligaments, lack of skip lesions and spinal fusion, symmetrical involvement of the 

sacroiliac joint and spinal fusion, and bamboo spine and lack of skip lesions were statistically 

significant. Full results can be seen in Appendix 10.6.3 Table 10.10. 

Table 6.23. Statistical significance of relationships of ranked data for AS within the groups divided by research experience. NR 

n=5, GR n=4, VR n=9. 

Group Chi Value Significance 

NR 3.034 0.552 

GR 6.667 0.155 

VR 12.557 0.014 
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6.1.4.2.2.4 Research Experience – Degenerative Disc Disease 

 

Descriptions of DDD provided by the NR group were very short, three of the five (60%) listed traits, 

while the remaining two (40%) provided information on location of changes. The most mentioned 

traits were porosity (60%; n=3) and osteophytes (40%; n=2). The grade rankings for DDD by the NR 

group can be seen in Table 6.24. 

Within answers provided by the GR group, the most mentioned traits were also porosity and 

osteophytes (75%; n=3), with an additional mention of “lipping” of the joint. In contrast the NR group, 

only one individual (25%) did not mention location of bone changes. Within the GR group there was 

two mentions (50%) of osteophytes being marginal and porosity being on the surface of the joint. One 

individual (25%) also talked about diagnostic criteria, referencing Waldron’s 2009 textbook. This 

individual also described osteophytic new bone growth on the surface of the joint as well as the 

margin. One individual (25%) also mentioned joint surface changes further to porosity, describing 

presence of Schmorl’s nodes. The grade rankings for DDD by the NR group can be seen in Table 6.24. 

The VR group provided the most consistent answers, with all nine (100%) mentioning porosity and 

osteophytes and describing the location of at least one of the changes. The most described trait was 

porosity of the joint surface (89%; n=8), with three individuals (33%) also mentioning new bone growth 

on the joint surface. Five individuals (56%) explicitly mentioned marginal osteophytes, with three 

further individuals (33%) mentioning joint lipping, joint contour, or growths on the “anterior and 

anteriorlateral bodies”. Two answers (22%) included descriptions of the pathophysiology of the 

disease, with one individual specifically call bone growths “traction osteophytes”. Further to these 

changes, one individual (11%) mentioned SNS, and another respondent talked about the radiographic 

appearance of the disease. The grade rankings for DDD by the NR group can be seen in Table 6.24. 
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Table 6.24. The ranked data for characteristics of degenerative disc disease  by participants grouped by research experience. 

NR n=5, GR n=4, VR n=9. 

DDD Ranking 

Characteristic Pit VO Schmorl EndDef All Other 

NR Participants 
 

2 1 2 2 - - 

4 2 5 3 1 6 

1 1 5 1 1 - 

2 1 3 4 1 - 

1 4 2 3 - - 

Mean Rank 2.0 1.8 3.4 2.6 1.0 6.0 

GR Participants 1 2 - 3 - - 

3 2 1 4 5 6 

2 1 4 3 - - 

3 2 1 4 5 - 

Mean Rank 2.25 1.75 2.0 3.5 5.0 6.0 

VR Participants 1 2 - 3 - - 

1 2 - - - - 

1 2 6 3 - - 

1 1 - - - - 

2 1 - - - - 

1 2 - 3 - - 

1 2 - - - - 

1 1 - - - - 

3 1 2 4 - - 

Mean Rank 1.3 1.6 4.0 3.25 - - 

 

Friedman tests to see if there were significant differences in characteristic rankings within groups 

showed no significant differences (Table 6.25). 

Table 6.25. Statistical significance of relationships of ranked data for DDD  within the groups divided by research experience. 

NR n=5, GR n=4, VR n=9. 

Group Chi Value Significance 

NR 4.143 0.246 

GR 4.200 0.241 

VR 3.00 0.392 
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6.1.5 Analysis by occupation 
 

To identify if there are any differences in the methods employed in academic or commercial research, 

participants were divided into three groups:  

1) specialists (commercial and independent)(n=7) 

2) academic staff (n=5) 

3) researchers (PhD and post-doctoral)(n=6)  

 

6.1.5.1 Occupation – methods used by participants 

 

The specialist group described specific changes they would look for (57%; n=4), and five individuals 

(71%) described recording changes by presence or absence. Of those who mentioned specific changes, 

all mentioned osteophytes, porosity/bone destruction, and Schmorl’s nodes, with three (75%; n=3/4) 

mentioning eburnation. They all also stated that they would record additional pathological conditions 

(e.g., AS and DISH) separately. Three individuals (75%; n=3/4) stated here a need for detailed 

examination. Only one individual in the specialist group (14%) focused exclusively on examination, 

while three (43%) talked about their process of observation and recording and three (43%) talked only 

about recording pathology. Three individuals (43%) mentioned use of forms, with one also mentioning 

using a database. Two individuals (29%) stated use of photography. Two individuals (29%) mentioned 

use of standard guidelines and published literature, with one referencing Rogers and Waldron.  

In the academic group, four individuals (80%) described a process of observation and recording, one 

respondent (20%) focused on examination, and one simply stated, “as outlined in Rogers & Waldron”.  

Only one other individual in this group mentioned use of published criteria, and cited Waldron’s 2009 

textbook. Two of the five responses (40%) included looking for specific bone changes, with both 

mentioning porosity and osteophytes or new bone formation and recording them on a presence and 

absence basis. One of these respondents was also the only person in this group to talk about use of 

imaging, specifically radiographs and CT. There were no mentions of recording devices, whether forms 

or databases in this group. 

In the research group, one respondent did not answer the question, three (50%) described a process 

of observation and recording, while two (33%) focused solely on recording. Two individuals (33%) 

within this group listed specific changes they would look for, both including osteophytes, porosity, and 

eburnation. These individuals also mentioned specific disease they would look for including OA and 
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DISH. Only one individual specified that they recorded these changes in terms of presence and 

absence. Three individuals (50%) in this group specified following guidelines or accepted standards 

and referring to published literature, with one reference to Rogers and Waldron. Two researchers 

(33%) also mentioned use of imaging techniques, with one saying they took photos and another saying 

there was “rare use” of microscopy and radiography. Only one individual (17%) in this group 

mentioned the recording device, saying there was space in a “notes” section within the case reports 

they would write for these observations.  

The results of closed answer questions about methods used to identify diseases divided by years of 

experience can be seen in Table 6.26. 

Table 6.26. Results of questions 9, 11, 12a and 13 as divided by occupation. Spec n=7, Acad n=5, Res n=6. 

 

When analysed by group, there were definite thematic differences in how respondents described 

which surfaces of the vertebrae they would examine. In the specialists group all seven responses 

Question  Responses 

9 Does the recording form or database you use to record skeletal remains contain a specific 
section for recording vertebral pathology? 

 Yes No  Unsure Other  

Spec 4 1 0 1 

Acad 4 0 1 0 

Res 2  4 0 0 

11 Do your methods involve a grading system for the severity of bone changes, or do you 
simply measure the presence and absence of different characteristics? 

 Grade 
severity 

Presence and 
Absence 

Both Depends on 
the research 
aims 

Other 

Spec 1 0 3 2 1 

Acad 1 1 1 1 1 

Res 0 2 1 3 0 

12a Do you examine the vertebra as a single unit or do you divide each vertebra into multiple 
surfaces for analysis e.g. body and articular facets? 

 As a whole Divided into 
multiple areas 

Both  

Spec 1 6 0 

Acad 1 3 1 

Res 1 3 2 

13 Are you more interested in the identification of potential skeletal pathology or describing 
the type and severity of the bone changes regardless of identification? 

 Identification Type/Severity Both Equally Depends on 
the research 

Other 

Spec 2 0 4 1 0 

Acad 0 0 3 2 1 

Res 0 0 3 3 0 
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(100%) mentioned looking at the body and facets as separate surfaces and four of the seven (57%) 

explicitly mentioned dividing surfaces in terms of superior and inferior surfaces. There were also five 

mentions (71%) of the costal facet joints. Three individuals (43%) spoke about flexibility in recording, 

with two individuals mentioning recording additional pathology on the costal joints or transverse 

processes “separately” “as appropriate”. The third individual talked in terms of the level of detail 

required, with flexibility in terms of including all joints in detailed recording, or simply dividing the 

vertebrae into left and right if less detailed.  

The academic group provided less detail in their approach to examining the vertebrae. Four responses 

(80%) described looking at the vertebral body, with two of these individuals mentioned looking at “all 

joints” or “articular facets” and one mentioning looking at the “articular processes”. The individual 

who did not mention the vertebral body described examining “all of the articular surfaces” 

individually, recording pathology in an “ad hoc” manner. One individual (20%) provided a more 

detailed answer about their method of analysing the vertebral body which only pertained to their 

research into DISH. Only two individuals (40%) in this group explicitly talked in terms of dividing the 

vertebrae in to superior and inferior surfaces and only one respondent described looking at areas 

“beyond the joints”. 

Amongst the researcher group, five of six respondents (83%) answered, and all (100%) stated they 

would examine the vertebral bodies. Of these five, four (80%) also mentioned looking at the facet 

joints. However, there were no mentions of the costal facet joints. Three of the five (60%) also talked 

about looking at areas beyond the joint surfaces, including the arch, lamina, pedicle, and transverse 

processes. One of these respondents also fell into the group of three individuals who mentioned taking 

in the overall view of the vertebrae before moving in to analyse separate areas. The research group 

was the only one who included looking at the vertebrae in a more holistic manner.  

Differences were noted in the sources and references used by the different groups. For example, the 

specialist group primarily used methods from their employer, the research group mainly used 

methods based on published literature and the academic group were mixed. Overall, most individuals 

in all groups used their own forms and databases. However, only the specialist and researcher group 

stated the use of databases, while academics preferred the use of forms (Table 6.27). 
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Table 6.27. The sources of methods used by participants divided by occupation. Specialist n=7, Academic  n=5, Researcher 

n=6. 

 

Group Q8a. Is the method you use from published literature (e.g. a journal article or 
book), or is it of your own design? 

8b. Sources 
methods are based 
on  Published 

source 
Employer 
guideline 
based on 
published 
source 

Published 
source 
with my 
own 
changes 

Method 
is my 
own 
design 

Method is 
employers 
own 
design 

Method 
from 
professional 
organisation 

Other 

Specialist 1 3 0 2 1 0 0 2 BABAO 
2 Roberts 
2 Rogers & 
Waldron 
2 Relevant papers 
1 Aufderheide & 
Rodriguez 
1 MOLA 
1 Ortner 
1 Own changes 

Academic 2 1 0 1 0 0 1 1 BABAO 
1 Buikstra & 
Ubelaker 
1 Ortner 
1 Own changes 
1 Relevant paper 
1 Rogers & 
Waldron 
1 Waldron 

Researcher 1 3 2 1 1 0 0 3 Ortner 
2 BABAO 
2 Jurmain 
2 Waldron 
1 Buikstra and 
Ubelaker 
1 Mann & Hunt 
1 Roberts 
1 Rogers & 
Waldron 
1 Steckel 

Group Q10. If you use a recording form or database, is this of your own design or is it an official form/database 
provided to you by your employer/governing body? 

 Own recording 
form 

Form provided 
for me 

Own 
database 

Database provided 
for me 

I don’t use a 
form 

I don’t use a 
database 

Specialist 3 0 4 2 0 0 

Academic 3 1 0 0 1 0 

Researcher 4 2 3 0 0 0 
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For literature sources, the use of the textbook by Ortner was common across all groups, as was the 

use of work by Rogers and Waldron. However, there was a difference in which publication by Rogers 

and Waldron was used between the groups. Only the Specialist group used the field guide by Rogers 

and Waldron (1995), while the Researcher groups used the textbook by Waldron (2009). The Academic 

group used a mix of both publications, plus additional work by Waldron (1991). All three groups had 

individuals who stated their use of references varied depending on pathology. Both the Specialist and 

Researcher groups stated using other or specific sources for certain pathologies. Only the Specialist 

group included those stated they used “too many (references) to list” (Table 6.28). 

Table 6.28. References respondents cite when reporting pathology divided by occupation. Specialist n=7, Academic  n=5, 

Researcher n=6. 

Reference Group 

 Specialist Academic Researcher 

Aufderheide and 
Rodriguez Martin  

2 1 2 

Brickley and Ives 2008  1  

Bridges 1991  1  

Brothwell 1967   1  

Buikstra and Ubelaker  1  

Depends on the 
pathology 

1 1 2 

Francois et al 1997  1  

Hillson 1986 1   

Jurmain   1 (specifies 1999) 2 (2 specify 1999, 1 
specifies 1995) 

Mann and Hunt 2012   1  

Ortner 3 (1 specifies 2019, 1 
specifies 2003, 1 
specifies nothing) 

1 5 (4 specify 2003, 1 
specifies 1985) 

Other/specific sources 2  2 

Pinhasi 2008 1   

Resnick   2 (1 specifies 1995 “all 
6 volumes”, 1 specifies 
2002 Vol 4) 

 

Roberts and Cox 2003 2   

Roberts and 
Manchester 

2 (1 specifies 
“Archaeology of 
Disease”) 

 1 (specifies 2010) 

Rogers and Waldron  1 (specifies all their 
work) 

2 (1 specifies 1995 
field guide, 1 specifies 
1990 field guide) 

 

Rogers 1990  1  

Salter 1999 1   

Too many to list 3   

Waldron and Rogers 
1991 

 1  
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Table 6.28. References respondents cite when reporting pathology divided by occupation (continued). 

Waldron 
 

 2 (1 specifies 1994 
“Counting the dead”, 1 
specifies 2009) 
 

2 (both specify 2009) 

 

Walker 1 (Specifies (Disease in 
London 1st to 19th 
century) 

  

Weiss and Jurmain 
2007 

  1 

 

6.1.5.2 Occupation – description and ranking of disease characteristics by participants 

 

6.1.5.2.1 Occupation – osteoarthritis 

 

All seven individuals (100%) listed eburnation, porosity, and osteophytes as disease traits. Of the 

seven, only five (71%) mentioned characteristics in terms of diagnosis, three favouring Waldron’s 

operational definition and two stating an eburnation only diagnosis. The individuals who described 

Waldron’s method provided less detail in their answers simply talking in terms of diagnosis. Two 

individuals (29%; one eburnation only and one who did not talk in terms of diagnosis) provided detail 

on the location of joint surfaces. Three individuals (43%) mentioned looking for changes in joint 

topography, contour, or morphology, one of whom also mentioned presence of bone cysts. The grade 

rankings for OA by the specialist group can be seen in Table 6.29.  

In the academic group, all five respondents (100%) mentioned eburnation, osteophytes, and porosity. 

Four individuals (80%) mentioned diagnostic criteria, these were all the same as Waldron’s criteria. 

These individuals also mentioned looking for changes in joint contour and three explicitly stated where 

joint changes typically happen (e.g., marginal osteophytes and surface porosity). Two of these 

respondents also mentioned looking for bone cysts, and that they were readily visible in radiographs. 

The grade rankings for OA by the academic group can be seen in Table 6.29. 

In the research group four individuals (67%) mentioned eburnation, four (67%) mentioned porosity 

and four (67%) mentioned osteophytes. Only three responses (50%) listed all these traits, the 

remaining responses only focused on one trait. Within the group that listed multiple changes only one 

mentioned joint contour. One individual (17%) only mentioned eburnation, stating it was the only 

diagnostic criteria for OA. Within this group no individuals mentioned bone cysts. The grade rankings 

for OA by the researcher group can be seen in Table 6.29.  
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Table 6.29. Ranking data for characteristics of osteoarthritis divided by occupation. Specialist n=7, Academic  n=5, Researcher 

n=6. 

OA Ranking  

Characteristic OP Por Jcon Eb All Other 

Specialist 
 

4 3 2 1 5 - 

3 3 2 1 - - 

4 4 4 1 4 - 

- - - - 1 - 

- - - - 1 - 

2 3 4 1 - - 

4 3 2 1 - - 

Mean Rank 3.4 3.2 2.8 1.0 2.8 - 

Academic 
 

- - - 1 - 2 

3 3 2 1 - - 

- - - - - - 

2 3 4 1 - - 

- - - 1 - 2 

Mean Rank 2.5 3.0 3.0 1.0 - 2.0 

Researcher 1 3 3 2 - - 

- - - 1 - - 

1 2 3 4 5 6 

3 1 2 4  - 

3 4 5 2 6 - 

2 4 3 1  - 

Mean Rank 2 2.8 3.2 2.3 5.5 6.0 

 

The significance of the ranked data within the occupational groups was analysed using a Friedman test 

(Table 6.30). Only the Specialist group showed significant differences. When analysed with post hoc 

testing (without Bonferroni correction) the relationships between the ranked data of eburnation and 

osteophytes, eburnation and porosity and eburnation and joint contour were significantly different. 

Full results can be seen in Appendix 10.6 .4, Table 10.11. 

Table 6.30. Significance of ranked data of OA characteristics within different occupational groups. Specialist n=7, Academic  

n=5, Researcher n=6. 

Group Chi Value Significance 

Specialist 10.867 0.012 

Academic 3.947 0.267 

Researcher 2.755 0.431 

 

6.1.5.2.2 Occupation – diffuse idiopathic skeletal hyperostosis 

 

The seven respondents (100%) in the specialist group all mentioned growths associated having a “wax 

like” appearance. Six individuals (86%) described these as ankylosing or fusing the vertebrae, with the 

remaining individual (14%) saying the vertebrae were “joined”. Following on from this, the most 
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discussed characteristics of DISH were the siding (57%; n = 4) and number of vertebrae that needed 

to be fused for diagnosis (57%; n=4). Amongst those who mentioned siding, two said lesions were 

right sided, while two said they were unilateral. When discussing number of fused vertebrae, two said 

4+ needed to be fused, while two simply said “several”. Amongst these four individuals, three 

mentioned that fusion had to be continuous. Three respondents (43%) described the level of the spine 

DISH might be found in, with two stating thoracic level, and one stating thoracic and lumbar. The 

preservation of disc space was mentioned by three individuals (43%). Ossification in the spine was 

mentioned three times (43%), two mentioned cartilage ossification, while one individual mentioned 

ossification of the anterior longitudinal ligament. Ossifications of extra spinal elements was only 

mentioned once (14%), as was the involvement of the sacroiliac joint. The grade rankings for DISH by 

the specialist group can be seen in Table 6.31. 

Amongst the academic group, the description of DISH as “wax like” was only used by two individuals 

(40%). Most respondents in this group tended to describe the side (80%; n=4 right), preservation of 

joint space (80%: n=4) and the extra spinal manifestations of the disease (80%; n=4). In comparison to 

the specialist group, three academics (60%) mentioned ossification of the anterior longitudinal 

ligament. Two of these respondents also mention cartilage ossification. Three individuals (60%) 

described the lesions of DISH as fusing the spine, two (40%) mentioned number of vertebrae needed 

for diagnosis. One individual stated 3-4, while the other stated 4+, this individual was the only one to 

talk about level of the spine involved saying the disease was found in the “lower” spine. Only one 

respondent (20%) talked about DISH in terms of being a progressive disease. The grade rankings for 

DISH by the academic group can be seen in Table 6.31. 

Of the six researchers, five (83%) described DISH related lesions as “wax like”, with three (38%) saying 

lesions fused or ankylosed vertebrae. Three individuals (38%) provided very detailed descriptions of 

DISH in their answers. These individuals all described the siding of lesions as right handed, affecting 

the thoracic region, and preserving the disc and joint space. They also mentioned number of fused 

vertebrae required for diagnosis, with two saying 4+ and one saying 3+. Both individuals who stated 

4+ vertebrae needed to be fused also mentioned fusion should be contiguous. Only one mentioned 

extraspinal manifestations, while the other mentioned ossification of the anterior longitudinal 

ligament. Only two individuals (33%) in this group talked about the progressive nature of DISH, both 

mentioning difficulty of diagnosing the condition when less vertebrae showed signs of fusion. One 

individual (17%) (who mentioned diagnosis at 3+ vertebrae) was the only individual to explicitly 

mention “early DISH”. The grade rankings for DISH by the researcher group can be seen in Table 6.31. 
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Table 6.31. Ranking data for characteristics of diffuse idiopathic skeletal hyperostosis  divided by occupation. Specialist n=7, 

Academic  n=5, Researcher n=6. 

DISH Ranking 

Characteristic Ank RightSide Discpres ZygPres XtraSpin Candle All Other 

Specialist 
 

6 5 3 4 7 2 1 - 

1 3 3 - 4 1 - - 

1 1 1 1 1 1 1 - 

5 1 3 4 6 2 - - 

1 5 3 6 4 2 - - 

3 2 4 5 6 1 - - 

1 3 4 5 6 2 - - 

Mean Rank 2.6 2.9 3.0 4.2 4.9 1.6 1.0 - 

Academic - - - - - - 1 - 

3 1 1 1 2 1 - - 

- - - - - - 1 - 

3 1 4 5 6 2 - - 

- - - - - - - 1 

Mean Rank 3.0 1.0 2.5 3.0 4.0 1.5 1.0 1.0 

Researcher 1 2 3 3 2 4 - - 

1 2 3 5 6 4 8 7 

4 1 3 5 6 2 7 8 

4 2 5 6 1 3  - 

5 4 3 2 6 1 7 - 

- - - - - - 1 - 

Mean Rank 3.0 2.2 3.4 4.2 4.2 2.8 5.8 7.5 

 

Friedman tests to see if there were significant differences in characteristic rankings within groups 

showed significant differences in the specialist group (Table 6.32). Post hoc Wilcoxon signed-rank tests 

were undertaken on these data with Bonferroni correction. When applied no relationship was 

significant. Without the correction multiple relationships were significant. The most significantly 

different relationships were between extra spinal manifestations and ankylosis, and between candle 

wax appearance and preservation of disc space, p=0.026 for each. Full results can be seen in Appendix 

10.6.4, Table 10.12. 

Table 6.32. Significance of ranked data of DISH characteristics within  different occupational groups. Specialist n=7, Academic  

n=5, Researcher n=6. 

Group Chi Value Significance 

Specialist 14.029 0.015 

Academic 6.500 0.261 

Researcher 8.000 0.092 
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6.1.5.2.3 Occupation – ankylosing spondylitis 

 

The descriptions by the specialist group for AS were not as detailed as answers for the previous 

diseases. Of the seven answers three (43%) were very basic, saying simply “bamboo spine”, 

“ossification of the spinal ligaments” and “fused spine and sacrum to ilium”. The other four responses 

(57%)  were slightly more detailed, providing discussion of more than one or two traits. Overall, fusion 

or ankylosis were mentioned five times (71%), the bamboo like appearance of these lesions was 

mentioned three times (43%) and fusion occurring in the sacroiliac joint was mentioned four times 

(57%). Of the four more detailed answers, the most mentioned disease traits were the potential 

involvement of the costal facet joints and the loss of disc and joint space, each point being described 

twice (50%; n=2/4). Other traits that were mentioned only once throughout the responses included 

level of spinal involvement, stated as lumbar, the primary siding of lesions (“no unilaterality”) and that 

AS progresses up the spine from inferior to superior. The grade rankings for AS by the specialist group 

can be seen in Table 6.33. 

Of the answers provided by the academic group, only one of the five did not include detail (20%). This 

individual stated AS was “fused vertebrae with space between the vertebral bodies”. Only one other 

academic individual described loss of joint space during AS progression. All five academics (100%) 

described AS in terms of fusion and ankylosis, with the four (80%) more detailed answers mentioning 

involvement of the sacroiliac joint. Three of these individuals (75%; n=4) described how the disease 

progresses from superiorly from the lumbar level of the spine and leads to the involvement of the 

costal joints and fusion of the ribs to the spine. Two of these individuals (50%; n=2/4) went even 

further in detail discussing the ossification of the annulus fibrosus and ligaments of the spine and the 

production of syndesmophytes. One of these respondents also mentioned the production of 

destructive cysts within the vertebral body during the disease course. The grade rankings for AS by 

the academic group can be seen in Table 6.33. 

The researcher group provided a mix of detailed and simplistic descriptions of AS. One individual in 

this group was the discounted answer describing spondylolisthesis. Of the remaining five answers, 

three (60%) were more detailed and two (40%) less so. One respondent (17%) described AS simply as 

“vertebral fusion, ankylosis, porosity” while another stated it was “abnormal bone formation… and 

fusion of multiple vertebral bodies”. All the included responses for this group (100%; n=5) described 

the fusion or ankylosis involved in the disease. Two of the more detailed answers (66%; n=2/3) 

described the ossification of the ligaments in the spine, how these were “bamboo” like, and the 

disease began in the lower spine and sacroiliac joint before progressing superiorly and potentially 

involving the ribs. One of these individuals (33%; n=1/3) also described the radiographic signs of the 
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disease, such as squaring of the vertebral body and was the only individual in this group to mention 

the erosive nature of the disease. Two individuals in this group (66%; n=2/3) also described 

demographic features of AS, both stating the disease was more common in young males. They were 

the only two out of all 18 respondents to mention this. The grade rankings for AS by the researcher 

group can be seen in Table 6.33. 

Table 6.33. Ranking data for characteristics of ankylosing spondylitis divided by occupation. Specialist n=7, Academic  n=5, 

Researcher n=6. 

AS Ranking 

Characteristic OssIntSup SpinFus LackSkip SymmSI Bamboo All Other 

Specialist 5 3 4 2 6 1 - 

2 3 3 3 1 - - 

1 1 1 1 1 1 - 

4 2 5 1 3 - - 

3 2 5 4 1 - - 

1 2 5 3 4 - - 

4 1 5 2 3 - - 

Mean Rank 2.9 2.0 4.0 2.3 2.8 1.0 - 

Academic - - - - - 1 - 

2 1 2 2 1  - 

- - - - - 1 - 

- - - - - 1 - 

- 1 - 3 1  2 

Mean Rank 2.0 1.0 2.0 2.5 1.0 1.0 2.0 

Researcher 2 1 3 3 1 - - 

2 1 5 4 3 6 - 

2 3 5 1 4 6 7 

1 3 4 2 5 - - 

3 2 5 4 1 6 - 

- - - - - 1 - 

Mean Rank 2.0 2.0 4.4 2.8 2.8 4.8 7.0 

 

Friedman tests to see if there were significant differences in characteristic rankings within groups 

showed no significant differences. The academic group could not be tested due to the way participants 

had answered the question leaving missing data (Table 6.34). 

Table 6.34. Significance of ranked data of AS characteristics within different occupational groups. Specialist n=7, Academic  

n=5, Researcher n=6. 

Group Chi Value Significance 

Specialist 8.000 0.092 

Academic Can’t test due to low sample size 

Researcher 8.898 0.064 
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6.1.5.2.4 Occupation – degenerative disc disease 

 

The descriptions of DDD by the specialist group all mentioned porosity (100%; n=7), with five 

individuals (71%) describing this as being on the joint surface and two individuals (29%) providing no 

location. Following this, five respondents (71%) described or mentioned presence of osteophytes, two 

describing them as growths on the joint margin and surface, with the remaining three responses 

providing no location. Three individuals (43%) within this group also described the erosion and 

porosity of the joint margin associated with DDD. Overall, within this group only two respondents 

(29%) simply listed lesions relating to DDD without describing them or their locations. One individual 

(14%) mentioned eburnation of the joint. The grade rankings for DDD by the specialist group can be 

seen in Table 6.35. 

All five academic individuals (100%) listed porosity and osteophytes as characteristics of DDD. Four 

individuals (80%) described the location of the lesions, saying porosity occurred on the joint surface 

of the vertebral body and osteophytes occurred on the joint margin. Two individuals (40%) also 

described the sclerosis of the bone on the joint surface and the production of surface osteophytes, 

with one mentioning radiography of the joint. One individual (20%) also explicitly named Waldron’s 

criteria for the diagnosis of DDD. One respondent (20%) within this group provided a particularly 

detailed answer and described the process of disc degeneration itself and how this related to the bony 

lesions observed on skeletal remains. One individual (20%) mentioned eburnation of the joint. The 

grade rankings for DDD by the academic group can be seen in Table 6.35. 

Amongst the researcher group, the most common description was of abnormal bone growth. Four 

individuals (66%) described the development of marginal osteophytes, with a further individual 

describing marginal bone growth without explicitly naming them osteophytes, one of these individuals 

also mentioned potential fusion of the joint in the later stages of degeneration. Three of the six 

researchers (50%) mentioned joint porosity, all describing this as being on the joint surface. Two 

individuals (33%) mentioned eburnation of the joint surface. Two individuals (33%) also mentioned 

the presence of Schmorl’s nodes relating to the development of DDD. Like the academic group, one 

individual (17%) also described the disease process of DDD and how this causes joint changes. They 

went into more detail describing the location of osteophytes (“anterior and anteriorlateral”) than the 

academic respondent, but they provided less detail in terms of degeneration of the disc. Overall, two 

of the six individuals (33%) simply listed characteristics without describing the location of the lesions. 

The grade rankings for DDD by the researcher group can be seen in Table 6.35. 
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Table 6.35. Ranking data for characteristics of degenerative disc disease divided by occupation. Specialist n=7, Academic  n=5, 

Researcher n=6. 

DDD Ranking 

Characteristic Pit VO Schmorl EndDef All Other 

Specialist 4 2 5 3 1 6 

1 2 - - - - 

1 1 5 1 - - 

1 2 6 3 - - 

2 1 - - - - 

2 1 4 3 - - 

1 2 - - - - 

Mean Rank 1.7 1.6 5.0 2.5 1.0 6.0 

Academic 1 2 - 3 - - 

1 1 - - - - 

1 2 - 3 - - 

2 1 3 4 - - 

1 1 -  - - 

Mean Rank 1.2 1.4 3.0 3.3 - - 

Researcher 2 1 2 2 - - 

1 2  3 - - 

3 2 1 4 5 6 

1 4 2 3 - - 

3 2 1 4 5 - 

3 1 2 4 - - 

Mean Rank 2.2 2.0 1.6 3.3 5.0 6.0 

 

Friedman tests within groups showed only the specialist group had significant difference in their 

rankings, while the academic group could not be tested due to the way participants had answered the 

question leaving missing data (Table 6.36). Post hoc Wilcoxon signed-ranking tests on the specialist 

group revealed no significant differences in the relationships between the ranked data for each 

characteristic with or without Bonferroni correction . Full results can be seen in Appendix 10.6.4, Table 

10.13. 

Table 6.36. Significance of ranked data of DDD characteristics within different occupational groups. Specialist n=7, Academic  

n=5, Researcher n=6. 

Group Chi Value Significance 

Specialist 9.333 0.025 

Academic Can’t test due to low sample size 

Researcher 6.391 0.068 
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6.2 Intra and inter observer results 
 

6.2.1 Demographics 
 

6.2.1.1 Practitioner demographics 

 

Sixteen practitioners agreed to participate in the study, of whom only 10 completed the recording and 

returned their forms. Only one individual completed the intra observer portion of the study.  

Most practitioners (50%; n=5) considered themselves to be bioarchaeologists, with three individuals 

listing this as their primary discipline and two as their secondary discipline. After this, osteology and 

palaeopathology were the most common disciplines (40%: n=4 for both), although osteology was 

more likely to be listed as a primary discipline and palaeopathology as a secondary discipline (Figure 

6.30).  

 

Figure 6.30. The disciplines of practitioner inter observer participants. 

The main occupation of the participants was academic staff (40%; n=4), and over half of the 

participants had attained a PhD (60%; n=6) (Figure 6.31). 
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Figure 6.31. The occupation of practitioners and their level of education. 

 

Whilst most of the practitioners recorded human skeletal pathology on a weekly basis (50%; n=5), 

there was no clear distinction between the years of experience in their respective fields, although 

60% (n=6) of participants had 11-25 years of experience (Figure 6.32).  

 

Figure 6.32. Distribution of practitioners by years of experience and frequency recording skeletal pathology. 

 

There was some variation in how often vertebrae were present in the remains the participants were 

analysing. Three individuals (30%) stated there were vertebrae present in 41-100% of the remains 

they examined. Only one participant stated vertebrae were present in 21-40% of the remains, and no 

individuals found vertebrae present in less than 20%. There was a very high prevalence of individuals 

who had undertaken research on skeletal pathology (90%; n=9), with 70% of individuals (n=7) having 

also undertaken research specifically on vertebral pathology. 
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6.2.1.2 Student demographics 

 

The demographics of the students were more uniform than the practitioners. All respondents listed 

forensic anthropology as their primary discipline. Only two individuals listed a secondary discipline, 

one anatomy and one bioarchaeology. Two individuals were undergraduate students, whilst three 

were master’s students. Both undergraduates and one master’s student stated 0-5 years of experience 

working with skeletal remains, while the remaining two master’s students stated 6-10 years of 

experience. None of the student participants had undertaken research in recording general skeletal 

or vertebral pathology. The only difference lay in their experiences recording pathology and how often 

vertebrae were present when they undertook recording. Neither of the undergraduates undertook 

regular skeletal recording, while the three master’s students varied between weekly, bi-annually, and 

yearly. Overall, vertebrae were usually present 81-100% of the time in observed remains (60%; n=3). 

 

6.2.2 Intra observer error 
 

Only one practitioner and one student took part in the intra observer study. Both individuals were 

consistent in their method of completing all forms and made use of the notes section. These 

individuals were both thorough in completing methods 1 and 3. However, the student observer 

favoured a more descriptive approach to method 2 than the practitioner. Intra observer agreement 

was also calculated using Krippendorff’s Alpha, as it has the same capabilities as Cohen’s Kappa but 

with the addition of being able to compare data sets with missing elements. The overall intra observer 

for the two participants is seen in Table 6.37.  

Table 6.37. Intra observer agreement for all methods. 

  Student Observer Non-Student Observer 

 Parameter Alpha Agreement Alpha  Agreement 

Method 1 Traits 0.959 Near Perfect 0.977 Near Perfect 

Diagnosis 1 Perfect 0.807 Strong 

Method 2 Diagnosis 0.826 Strong 0.885 Strong 

OA 0.807 Strong 0.000 None 

DDD 0.839 Strong 1.000 Perfect 

Method 3 Total 0.748 Moderate 0.952 Near Perfect 

Vert. Bodies 0.942 Near Perfect 0.932 Near perfect 

Z. facets 0.502 Weak 0.962 Near Perfect 
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6.2.3 Inter observer results  
 

6.2.3.1 Results: Method 1 – Buikstra and Ubelaker (1994) 

 

6.2.3.1.1 Method 1 - practitioner responses 

  

The way individuals used the same recording form and guidelines varied, with some individuals filling 

in every trait, some only using the 1-4 scale and others only filling in traits they deemed present (Figure 

6.33). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 6.33. Examples of different practitioner answers for specimen 1 of method 1. 
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Participants were also provided a space at the end of the methods recording section to make any 

notes they felt were necessary. This was used variably by some participants. One individual clarified 

their diagnostic criteria for arthritis stating this referred to the presence of osteoarthritis in the facet 

joints and degenerative disc disease. Others used the space to provide additional diagnoses or critique 

the method itself. Two individuals used the space to discuss specimen 11, the fused vertebrae. One 

participant stated “This is not osteoarthritis and is more likely Ankylosing Spondylitis or DISH. Given 

the resorption and forming ankyloses on the inferior body of the lower vertebrae I would suspect AS, 

but it may not meet the diagnostic criteria.”, while the other said the vertebrae had “florid osteophytic 

lipping appearance of being like DISH”. In terms of critiques of the method, two individuals said they 

had difficulty in assessing the vertebrae for eburnation and periarticular resorptive foci, one directly 

saying this was because of the quality of the photographs and because of wear on the bones from 

handling. The third individual who provided a critique of the method questioned the terminology used 

(“I really do not like the term ‘lipping’ since it is not descriptive; what is wrong with saying ‘marginal 

osteophyte’, especially since you are using the term ‘surface osteophytes’?”) as well as saying the 

method would have been easier to implement had there been example images to help define changes 

and the extent of lesions. 

The overall Alpha value for method 1 was A=0.514 (weak agreement) for the scored traits, with a 

further value of A=0.180 (no agreement) for the diagnosis of osteoarthritis. The agreement for the 

traits and diagnosis were tested for each vertebra (Table 6.38). Only specimen 11 showed moderate 

agreement for its traits, while specimens 3 and 8 showed perfect agreement for their diagnosis.  

Table 6.38. Inter observer agreement of practitioners for each specimens’ traits and diagnosis. (S = superior, I = inferior, vert 
= vertebra) 

 

 

 

 

 

 

 

 

 

Specimen 
number 

Traits Diagnosis 

Alpha Agreement Alpha Agreement % 
Agreement 

1 0.506 Weak -0.090 None 55% (no) 

2 0.366 Minimal -0.090 None 82% (yes) 

3 0.005 None 1 Perfect 100% (no) 

4 0.5 Weak -0.090 None 55% (no) 

5 0.163 Minimal -0.090 None 55% (yes) 

6 0.512 Weak -0.090 None 55% (no) 

7 0.494 Weak -0.090 None 55% (no) 

8 0.386 Minimal 1 Perfect 100% (yes) 

9 0.533 Weak -0.090 None 82% (yes) 

10 0.326 Minimal -0.090 None 55% (no) 

11 – S. 
vert 

0.639 Moderate -0.090 None 73% (no) 

11 – I. 
vert 

0.642 Moderate 0 None 73% (no) 
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The agreement was then explored in each trait across all of the vertebrae combined. This entailed 30 

tests, one for each of the 10 traits on the superior and inferior surfaces and one for each trait with 

superior and inferior surfaces combined (Table 6.39).  

 

Table 6.39. The Alpha values for each trait (superior and inferior joints), and for traits with surfaces combined. 

 

 

Vertebral Body 

Trait Superior Inferior Overall 

Alpha Agreement Alpha Agreement Alpha Agreement 

Osteophytes 0.742 Moderate 0.700 Moderate 0.737 Moderate 

Zygapophyseal Facet Joints 

Trait Superior  Inferior Overall 

Alpha Agreement Alpha Agreement Alpha Agreement 

Lipping Density 
 

0.448 Weak 0.306 Minimal 0.379 Minimal 

Lipping Extent 
 

0.539 Weak 0.288 Minimal 0.431 Weak 

Surface Porosity 
Degree 

0.550 Weak 0.347 Minimal 0.442 Weak 

Surface Porosity 
Extent 
 

0.664 Moderate 0.549 Weak 0.609 Moderate 

Eburnation Degree 
 

0.321 Minimal 0.410 Weak 0.411 Weak 

Eburnation Extent 
 

0.227 Minimal 0.328 Minimal 0.270 Minimal 

Surface 
Osteophytes 
 

0.284 Minimal 0.113 None 0.252 Minimal 

Periarticular 
Resorptive Foci 

0.488 Weak 0.136 None 0.303 Minimal 

Periarticular 
Resorptive Foci 
Extent 

0.329 Minimal -0.088 None 0.105 None 
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6.2.3.1.2 Method 1 - student responses 

 

Students were more consistent in completing the recording form in method 1 than the practitioners 

(Figure 6.34). Students followed the guidelines using the given scale and stating “N/A” when they felt 

a trait was absent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6.34. Examples of student recording forms for method 1. 
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Some students used the notes space, one stated the methods guidelines had “no pictures”. Others 

discussed the changes of the fused specimen 11 stating that whilst there were signs of arthritis “this 

could easily be another degenerative disease of the vertebrae” and that ossification of ligaments 

appeared “to be indicative of ankylosing spondylitis or DISH”. The overall Alpha value for students 

using this method was A=0.432 (weak agreement) for the scored traits, with a further value of A=0.452 

(weak agreement) for the diagnosis of osteoarthritis. Specimens 9 and 11 showed moderate 

agreement for its traits, while specimens 3, 8, 9 and 11 showed perfect agreement for their diagnosis 

(Table 6.40). 

 

Table 6.40. Levels of agreement between students in method 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Specimen 
Number 

Traits Diagnosis 

Alpha Agreement Alphs Agreement % Agreement 

1 0.200 Minimal -0.160 None 65% (no) 

2 0.404 Weak -0.160 None 71% (yes) 

3 0.016 None 1 Perfect 100% (no) 

4 0.357 Minimal -0.160 None 53% (yes) 

5 0.305 Minimal -0.160 None 65% (yes) 

6 0.364 Minimal -0.160 None 53% (no) 

7 0.174 None -0.160 None 55% (no) 

8 0.196 None 1 Perfect 100% (yes) 

9 0.638 Moderate 1 Perfect 100% (yes) 

10 0.237 Minimal -0.160 None 83% (yes) 

11 – S. vert 0.647 Moderate 1 Perfect 100% (yes) 

11 – I. vert 0.626 Moderate 1 Perfect 100% (yes) 
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The student’s agreement for each of the traits was then tested (Table 6.41). 

 

Table 6.41. Levels of agreement between students for each trait in method 1. 

Vertebral Body 

Trait Superior Inferior Overall 

Alpha Agreement Alpha Agreement Alpha Agreement 

Osteophytes 
 

0.489 Weak 0.380 Minimal  0.430 Weak 

Zygapophyseal Facet Joints 

Trait Superior Inferior Overall 

Alpha Agreement Alpha  Alpha Agreement 

Lipping Density 
 

0.494 Weak 0.577 Weak 0.535 Weak 

Lipping Extent 
 

0.413 Weak 0.268 Minimal 0.429 Weak 

Surface Porosity 
Degree 

0.631 Moderate 0.616 Moderate 0.681 Moderate 

Surface Porosity 
Extent 
 

0.346 Minimal 0.403 Weak 0.389 Minimal 

Eburnation Degree 
 

0.433 Weak 0.608 Moderate 0.372 Minimal 

Eburnation Extent 
 

0.225 Minimal 0.213 Minimal 0.231 Minimal 

Surface Osteophytes 
 

0.445 Weak 0.083 None 0.305 Minimal 

Periarticular 
Resorptive Foci 

0.101 None -0.089 None -0.007 None 

Periarticular 
Resorptive Foci Extent 

0.320 Minimal 0.307 Minimal 0.303 Minimal 

 

6.2.3.1.3 Method 1 – overall reliability 

 

When responses from both groups were analysed together, method 1 showed agreement of A=0.483 

(weak) for the graded characteristics and A=0.210 (minimal) for diagnosis of OA. The agreement for 

traits and diagnosis of each specimen can be seen in Table 6.42. 
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 Table 6.42. Overall agreement for method 1. 

 

The agreement for each of the traits in this method were assessed (Table 6.43). 

Table 6.43. The overall agreement for each of the traits in method 1. Apart from vertebral body osteophytes, all traits were 
scored on the facet joints. 

Trait Alpha Agreement Trait Alpha Agreement 

Vertebral Body 
osteophytes 

0.635 Moderate Eburnation 
Degree 

 

0.385 Minimal 

Lipping Density 
 

0.394 Minimal Eburnation 
Extent 

 

0.229 Minimal 

Lipping Extent 
 

0.419 Weak Surface 
Osteophytes 

 

0.237 Minimal 

Surface Porosity 
Degree 

0.507 Weak 
 

Periarticular 
Resorptive 

Foci 

0.224 Minimal 

Surface Porosity 
Extent 
 

0.526 Weak Periarticular 
Resorptive 
Foci Extent 

0.257 Minimal 

 

6.2.3.2 Results: Method 2 – Rogers and Waldron (1995) 

 

6.2.3.2.1 Method 2 - practitioner responses 

 

As with method 1, participants varied in how they responded and appeared to have similar difficulties 

(“Same as above… hard to identify eburnation particularly around the margins of the facet”). Some 

individuals used the form as an opportunity to write more detailed descriptions for each specimen, 

while others simply marked the diseases as yes/no or just marked those they thought were present 

Specimen 
Number 

Traits Diagnosis 

Alpha Agreement Alpha Agreement % Agreement 

1 0.387 Minimal -0.055 None 83% (yes) 

2 0.332 Minimal -0.059 None 67% (yes) 

3 0.062 None 1 Perfect 100% (no) 

4 0.434 Weak -0.059 None 83% (yes) 

5 0.251 Minimal -0.059 None 67% (yes) 

6 0.473 Weak -0.059 None 83% (no) 

7 0.285 Minimal -0.0.59 None 65% (no) 

8 0.313 Minimal 1 Perfect 100% (yes) 

9 0.595 Weak -0.059 None 88% (yes) 

10 0.285 Minimal -0.059 None 59% (yes) 

11 – S. vert 0.583 Weak -0.059 None 53% (yes) 

11 – I. vert 0.633 Moderate 0 None 47% (yes) 
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(Figure 6.35). There were also respondents who used presence or absence to mark changes, and those 

who provided some descriptions to qualify some of their answers where they were unsure.  

 

 

 

 

 

 

Some participants who did not write descriptions in the form used the notes section to describe 

changes they had observed which were not described in the method. The most discussed specimens 

were the fused specimens (11 and 12). Descriptions provided for these were variable. Specimen 11 

was inconsistently described as being “secondary osteoarthritis”, “scoliosis”, and “probably DISH”. 

Whilst specimen 12 was described as “changes secondary to another condition”, “trauma (body 

collapse)”, and “probably also DISH”. Specimen 6 was also noted twice. One participant stated that 

the images did not provide enough of a view of the inferior facets to confirm a diagnosis of 

osteoarthritis. Another stated specimen 6 appeared “as though changes secondary to other process, 

possibly trauma and with lateral wedging of vertebral body and/or congenital with indication of 

scoliosis”. One individual also mentioned specimen 7, noting the vertebra “depressions on both the 

superior and inferior body. The inferior one almost resembles a Schmorl’s node”. The contrasting 

descriptions of specimens was reflected in the low levels of inter-observer agreement calculated 

overall, and for each specimen. 

As method 2 was diagnosed on a presence or absence basis, the test undertaken used the “nominal” 

condition of the kripp.alpha test. Initially, the overall agreement was calculated, giving an Alpha value 

of 0.158. Following this, tests were undertaken to see the overall diagnostic agreement for both 

osteoarthritis and degenerative disc disease on each specimen, with a further two tests to see the 

Figure 6.35. Examples of recording forms from practitioners in method 2 
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overall agreement for osteoarthritis and degenerative disc disease across all vertebrae (Table 6.44). 

The diagnoses with the highest agreement (82%) have been highlighted to indicate that, while the 

Alpha values are low, the percentage agreement in some instances was high.  

Table 6.44. Practitioner agreement for specimens using the Rogers and Waldron (1995) method, including percentage 
agreement. 

 

 

 

 

 

 

 

 

 

 

 

6.2.3.2.2 Method 2 - student responses 

 

The students were varied in how they completed the recording form for this method (Figure 6.36). 

However, four forms (n=3 participants) were highly descriptive when noting observations. 

 

 

 

 

 

Specimen Alpha Agreement % Agreement 
OA 

% Agreement 
DDD 

1 -0.001 None 82% (no) 55% (no) 

2 -0.063 None 73% (no) 73% (no) 

3 -0.011 None 73% (yes) 55% (no) 

4 -0.045 None 50% (yes) 55% (no) 

5 0.486 Weak 73% (yes) 91% (yes) 

6 0.234 Minimal 82% (yes) 73% (yes) 

7 0.025 None 73% (no) 55% (no) 

8 -0.049 None 64% (yes) 82% (yes) 

9 -0.086 None 55% (no) 55% (yes) 

10 0.364 Minimal 73% (yes) 91% (yes) 

11 -0.086 None 55% (no) 64% (yes) 

12 0.061 None 82% (no) 55% (yes) 

Overall OA 0.149 None  

Overall DDD 0.140 None 

Figure 6.36. Student recording forms for method 2. 
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The notes section was heavily used to discuss specimens 6, 11 and 12. Specimen 6 was described as 

“something is definitely wrong” but lack of “obvious” traits made diagnosis “difficult without more 

experience”, whilst specimens 11 and 12 were again highlighted to have potential ankylosing 

spondylitis or DISH. 

The overall student agreement for method 2 was A=0.400, showing weak agreement. The Alpha values 

and percent agreement for each specimen are presented in Table 6.45. Again, diagnoses which had 

the highest agreement (83%) have been highlighted. 

 Table 6.45. Student agreement for specimens in method 2. 

 

 

 

 

 

 

 

 

 

 

 

 

6.2.3.2.3 Method 2– overall reliability 

 

The level of agreement between respondents for method 2 was A=0.216, showing minimal 

agreement. The agreement for each specimen in method 2 can be seen in Table 6.46.  

 

 

 

 

 

Specimen Alpha Agreement % Agreement 
OA 

% Agreement 
DDD 

1 -0.146 None 67 % (no) 50% (yes) 

2 1 Perfect 100% (no) 100% (no) 

3 0.123 None 67% (no) 83% (yes) 

4 0.410 Weak 67% (yes) 100% (no) 

5 0.663 Moderate 83% (no) 100% (yes) 

6 0.663 Moderate 83% (yes) 100% (no) 

7 -0.073 None 83% (no) 100% (no) 

8 -0.136 None 67% (yes) 83% (yes) 

9 -0.136 None 83% (yes) 67% (yes) 

10 0.344 Minimal 83% (no) 83% (yes) 

11 -0.144 None 50% (yes) 67% (yes) 

12 0.213 Minimal 50% (yes) 100% (no) 

Overall OA 0.154 None   

Overall DDD 0.551 Weak   
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Table 6.46. Overall agreement for specimens in method 2. 

Specimen Alpha Agreement % 
Agreement 

OA 

% 
Agreement 

DDD 

1 0.004 None 76% (no) 53% (no) 

2 -0.036 None 82% (no) 82% (no) 

3 -0.061 None 59% (yes) 59% (yes) 

4 0.071 None 53% (no) 71% (no) 

5 0.567 Weak 76% (no) 94% (yes) 

6 0.383 Minimal 82% (yes) 82% (no) 

7 -0.016 None 76% (no) 71% (no) 

8 -0.018 None 65% (yes) 82% (yes) 

9 -0.060 None 59% (yes) 59% (yes) 

10 0.390 Minimal 76% (no) 88% (yes) 

11 -0.056 None 53% (yes) 65% (yes) 

12 0.213 Minimal 71% (no) 65% (no) 

Overall 
OA 

0.164 None   

Overall 
DDD 

0.255 Minimal   

 

 

6.2.3.3 Results: Method 3 – Sager (1969) 

 

6.2.3.3.1 Method 3 - practitioner responses 

 

This method required participants to provide an overall score for each surface using a combination of 

pathological changes. One participant recognised this method and stated their dislike of it saying 

“Sager’s method does not work since marginal osteophytes and porosity cannot be scored 

independently”. However, this method was the one that participants completed most consistently, 

with the only point of difference being how respondents filled out the form for the fused specimen. 

Five participants stated, “the inferior zygapophyseal facets of the superior vertebra and the superior 

zygapophyseal facets of the inferior vertebra are not ankylosed, but they are also not observable” and 

so recorded them as N/A. Four observers immediately recorded them as grade 4 (fused) along with 

the vertebral body, while one individual recorded them as grade 1. Two individuals made general 

observations within the form itself (e.g., “trauma?”), and four observers made notes below the form 

itself. Examples of how the recording forms were completed can be seen in Figure 6.37. 
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The overall level of reliability was A=0.665, showing moderate levels of agreement amongst 

practitioners. Some specimens showed strong levels of agreement between observers (Table 6.47). 

 

Table 6.47. Practitioner agreement for specimens in method 3. 

 

 

 

 

 

 

 

 

 

 

 

The total levels of agreement for each surface were explored. The overall agreement for the facet 

joints was A=0.488 (weak) and for the vertebral bodies was A=0.817 (strong) (Table 6.48). 

 

 

 

 

 

Specimen Alpha 
(total) 

Agreement Alpha 
(body) 

Agreement Alpha 
(facets) 

Agreement 

1 0.146 None 0.038 None 0.057 None 

2 0.353 Minimal 0.051 None -0.072 None 

3 0.617 Moderate -0.079 None 0.084 None 

4 -0.33 None 0.018 None -0.088 None 

5 0.678 Moderate -0.043 None 0.157 None 

6 0.681 Moderate -0.088 None 0.069 None 

7 0.124 None 0 None 0.072 None 

8 0.472 Weak 0.312 Minimal -0.031 None 

9 0.315 Minimal 0.319 Minimal 0.141 None 

10 0.832 Strong 0.819 Strong 0.826 Strong 

11 (sup) 0.880 Strong 0.890 Strong 0.851 Strong 

12 (inf) 0.791 Moderate 0.917 Almost 
perfect 

0.604 Moderate 

Figure 6.37. Examples of practitioner recording forms for method 3. 



280 
 

Table 6.48. Practitioner agreement on different surfaces in method 3. 

Zygapophyseal facets 

Cranial Surface Alpha Agreement Caudal Surface Alpha Agreement 

Facet Total 0.443 Weak Facet Total 0.472 Weak 

Left Facet Total 0.485 Weak Left Facet Total 0.502 Weak 

Right Facet Total 0.500 Weak Right Facet Total 0.461 Weak 

Vertebral bodies 

Surface Alpha Agreement Surface Alpha Agreement 

Cranial Body Total 0.836 Strong Caudal Body Total 0.798 Moderate 

 

 

6.2.3.3.2 Method 3 - student responses 

 

All students were consistent in filling out the form for method three (Figure 6.38). For Specimen 11 

the inferior zygapophyseal facets of the superior vertebra and the superior zygapophyseal facets of 

the inferior vertebra are not observable. The students all marked the zygapophyseal facets as “N/A”, 

with many commenting that they did not appear ankylosed but were “unobservable”. 

 

 
The overall agreement between students for method three was A=0.633, showing moderate 

agreement. There was moderate to strong agreement when grading specimens 9-11 (Table 6.49).  

Figure 6.38. Examples of student forms from method 3. 
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Table 6.49. Student interobserver agreement for specimens in method 3. 

 

 

 

 

 

 

 

 

 

The total levels of agreement for each surface were explored (Table 6.50). The overall agreement for 

the facet joints was A=0.468 (weak) and for the vertebral bodies was A=0.796 (moderate). 

 

Table 6.50. Interobserver agreement between students for different surfaces in method 3. 

 

6.2.3.3.3 Method 3 – overall reliability 

 

The reliability for method 3 was A=0.640, moderate agreement. The levels of agreement for each 

specimen are seen in Table 6.51. The overall agreement for the individual surfaces using method 3 

was A=0.450 for the zygapophyseal facets and A=0.809 for the vertebral bodies. 

Specimen Alpha 
(total) 

Agreement Alpha 
(body) 

Agreement Alpha 
(facets) 

Agreement 

1 0.193 None -0.014 None 0.365 Minimal 

2 -0.096 None -0.180 None 0.080 None 

3 0.722 Moderate -0.180 None 0.209 Minimal 

4 0.295 Minimal -0.136 None 0.425 Weak 

5 0.523 Weak -0.180 None 0.195 None 

6 0.677 Moderate -0.180 None -0.002 None 

7 0.084 None 0.410 Weak 0.066 None 

8 0.122 None 0.264 Minimal -0.021 None 

9 0.739 Moderate 0.625 Moderate 0.617 Moderate 

10 0.888 Strong 0.882 Strong 0.879 Strong 

11 (sup) 0.688 Moderate 0.880 Strong -0.099 None 

11 (inf) 0.829 Strong 0.844 Strong 0.057 None 

Zygapophyseal facets 

Cranial Surface Alpha Agreement Caudal Surface Alpha Agreement 

Facet Total 0.408 Weak Facet Total 0.526 Weak 

Left Facet Total 0.460 Weak Left Facet Total 0.560 Weak 

Right Facet Total 0.348 Minimal Right Facet Total 0.477 Weak 

Vertebral bodies 

Surface Alpha Agreement Surface Alpha Agreement 

Cranial Body Total 0.835 Strong Caudal Body Total 0.756 Moderate 
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Table 6.51. The overall agreement for specimens in method 3. 

 

 

 

 

 

 

 

 

 

 

 

6.3 Trend analysis results 
 

6.3.1 Results from archaeology reports 
 

6.3.1.1 Overview of archaeology reports  

 

From the 170 reports, 88 different osteologists were identified. The majority were only the author of 

one or two reports (n=71), with only 17 osteologists having authored three or more. The highest 

number of reports written by a single individual was 16 (Figure 6.39). 

 

Figure 6.39. The number of reports written by each osteologist. 
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Specimen Alpha 
(total) 

Agreement Alpha 
(body) 

Agreement Alpha 
(facets) 

Agreement 

1 0.125 None -0.297 None 0.171 None 

2 0.157 None -0.011 None -0.027 None 

3 0.661 Moderate -0.054 None 0.135 None 

4 0.071 None -0.005 None 0.040 None 

5 0.635 Moderate -0.054 None 0.149 None 

6 0.683 Moderate -0.058 None 0.052 None 

7 0.152 None 0.162 None 0.116 None 

8 0.317 Minimal 0.317 Minimal -0.026 None 

9 0.443 Weak 0.426 Weak 0.301 Minimal 

10 0.843 Strong 0.841 Strong 0.825 Strong 

11 (sup) 0.819 Strong 0.889 Strong 0.603 Moderate 

11 (inf) 0.751 Moderate 0.903 Near Perfect 0.482 Weak 
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Aims of the reports varied. The majority did not have an aim in the text (28%; n=47). Main aims were 

to “characterise” the site (25%; n=43) and “identify and record” features and deposits which would 

be disturbed during building works (22%; n=38) and to produce an osteological analysis of remains 

(16%; n=27). Aims also included to report results from monitoring building works (5%; n=8), to 

excavate remains (2%; n=3), to fulfil commissioned excavations (1%; n=2), and to act as a form of 

public engagement (1%; n=2). The number of skeletons ranged between 1 to 612, with 44% (n=75) 

including 10 or fewer skeletons (Figure 6.40). 

Prevalence of different diseases was then evaluated, examining AS, DDD, DISH, DJD, OA, SNS, and VO. 

The most identified spinal lesions were SNS (60%; n=102), followed by OA (54%; n=93) and DJD (49%; 

n=84). The least identified disease was AS (4%; n=6)(Figure 6.41). 

 

Figure 6.41. The prevalence of diseases in archaeological reports. SNS = Schmorl’s nodes, OA = osteoarthritis, DJD = 
degenerative joint disease, VO = vertebral osteophytosis, DISH = diffuse idiopathic skeletal hyperostosis, AS = ankylosing 
spondylitis 
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Figure 6.40. The number of skeletons analysed in unpublished archaeology reports. 
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Reporting of disease prevalence rates was also evaluated. Just under half (49%; n=84) did not report 

overall prevalence rate due to small sample sizes, usually under 20 sets of remains, although some 

reports with smaller sample sizes still reported crude prevalence rate. Reports with larger sample size 

that did not calculate prevalence (28%; n=47) usually provided an inventory listing the pathological 

changes for each skeleton instead. This was the case in preliminary reports which did not fully discuss 

the pathology. The use of prevalence rates in the reports analysed was comparatively low. The most 

common was crude prevalence rate (CPR) (10%; n=18), followed by use of crude and true prevalence 

rate (8%; n=13), with only 8 reports (5%) using just true prevalence rate (TPR). 

Given the number and length of the reports being analysed, parsing out trends in codes and themes 

within the texts was complex. Analyses are here presented by year and by author to make trends more 

apparent. 

 

6.3.1.2 Reports by year 

 

The distribution of reports by year was analysed. This showed a slight increase between 2000-2020 

(Figure 6.42). 

Most reports fell into the 2011-15 group (38%; n=64), followed by 2006-10 (27%; n=46), 2016-20 (18%; 

n=31) and 2000-05 (17%; n=29). 

The integration and presentation of osteological data changed between 2000-2020. There was a 

decline in the percentage of reports which simply listed the skeletal traits observed. Such reports 
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Figure 6.42. Distribution of archaeology reports by year. 
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usually provided data tables with no discussion or overall pathology counts. There was also an increase 

in the number of reports which integrated skeletal data, rather than presenting them separately or as 

appendices (Figure 6.43). These trends were not significant (Just listing data: χ2=5.09 p=0.17, 

Integrating data: χ2=6.34 p=0.10). 

 

Figure 6.43. Trends in reports listing diseases rather than integrating osteological data. 

 
Reporting of prevalence rates fluctuated (Figure 6.44). The fluctuations in the use of no prevalence 

rate (χ2=5.85 p=0.12), CPR (χ2=4.79 p=0.19), and both CPR/TPR (χ2=4.54 p=0.21) were not significant. 

The increase in reports with populations too small to warrant prevalence calculations was approaching 

significance (χ2=6.69 p=0.08). The fluctuation in use of TPR was significant (χ2=11 p=0.01). 

 

Figure 6.44. Types of prevalence reporting in archaeology reports. N/A = reports where the sample size was too small for 
osteologists to calculate prevalence, crude = crude prevalence, true = true prevalence, both = both crude and true 
prevalence reported 

24%

30%

23%
19%

45%

53%

28% 29%

0%

10%

20%

30%

40%

50%

60%

2000-05 2006-10 2011-15 2016-20

P
er

ce
n

ta
ge

Year Group

Just List No Integration Linear (Just List) Linear (No Integration)

48% 48%
45%

61%

10%
13% 11%

7%

0% 2%

9%

3%
0%

9% 8%
13%

0%

10%

20%

30%

40%

50%

60%

70%

2000-05 2006-10 2011-15 2016-20

P
er

ce
n

ta
ge

Year Group

N/A Crude  True Both



286 
 

Use of standards and general methods showed marked trends, with the number of reports stating the 

use of standards increasing (Figure 6.45). The use fluctuation in the use of general standards was not 

significant (χ2=4.60 p=0.20). The decrease in the number of reports using no standard was approaching 

significance (χ2=7.05 p=0.07). The increase in the use of pathology standards was significant (χ2=18.48 

p=0.0004). 

 

Figure 6.45. Trends in using standards in archaeology reports. 

 

Specific standards cited within reports were those by BABAO (2004), English Heritage (EH) (2002) 

and Buikstra and Ubelaker (1994). The increase in the use of BABAO (χ2=14.87 p=0.002) and EH 

(χ2=57.80 p=0.05) were significant (Figure 6.46). However, the decrease in Buikstra and Ubelaker was 

not significant (χ2=2.18 p=0.42). 

 

Figure 6.46. Trends in the main standards cited in archaeology reports over time. 
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Other sources cited included general texts. These texts, and where applicable their publication dates, 

are presented in Table 6.52. This shows older versions of texts and older publications are still highly 

cited. The authors Rogers and Waldron provide a unique trend as they have the greatest range of 

publications cited, often with multiple publications in one report. Their publications are listed as the 

number of reports which cite them, followed by the primary version as percentage of the number of 

publications cited. Reports also cited multiple archaeology reports. However, there was no single 

report which was cited as often as published literature. 

Table 6.52. Publications in archaeology reports. 

Publication Year Cited In Primary Version Cited 

Roberts and Manchester 
“The Archaeology of 
Disease” 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

31% (9/29) 
52% (24/46) 
50% (32/64) 
55% (17/29) 

1995 (6/9) 
1995 (12/24) 
2005 (11/32) 
2005 (10/17) 

Rogers and Waldron  
Various Publications 
Combined 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

34% (10/29) 
33% (15/46) 
34% (22/64) 
52% (16/29) 

1995 (4/13) 
1995 (5/19) 
1995 (19/32) 
2000 (8/23) 

Roberts and Cox 
“Health and Disease in 
Britain” 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

10% (3/29) 
43% (20/46) 
44% (28/64) 
48% (15/29) 

 
2003 

Ortner 
“Identification of 
Pathological Conditions in 
Human Skeletal Remains” 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

21% (6/29) 
26% (12/46) 
28% (18/64) 
58% (18/31) 

1981 (5/6) 
2003 (8/12) 
2003 (12/18) 
2003 (13/18) 

Aufderheide and 
Rodriguez 
“The Cambridge 
Encyclopaedia of Human 
Palaeopathology” 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

10% (3/29) 
22% (10/46) 
25% (16/64) 
39% (12/31) 

 
1998 

Brothwell 
“Digging Up Bones” 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

28% (8/29) 
13% (6/46) 
20% (13/64) 
26% (8/31) 

 
1981 

Ubelaker 
“Human Skeletal Remains” 

2000-2005 
2006-2010 
2011-2015 
2016-2020 

21% (6/29) 
13% (6/46) 
11% (7/64) 
19% (6/31) 

 
1989 

 

How often diseases were reported fluctuated (Figure 6.47). The changes in reporting AS (χ2=0.67 

p=0.88), DISH (χ2=6.04 p=0.11), DJD (χ2=7.52 p=0.06), IVD (χ2=5.71 p=0.13), and VO (χ2=1.64 p=0.65) 

were not significant. However, the overall increase in reporting OA (χ2=16.26 p=0.001) and SNS 

(χ2=10.78 p=0.01) were significant. 
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Figure 6.47. How often different diseases were reported between the years 2000 to 2020. DJD = degenerative joint disease, 
VO = vertebral osteophytosis, OA = osteoarthritis, DDD = degenerative disc disease, SNS = Schmorl’s nodes, DISH = diffuse 
idiopathic skeletal hyperostosis, AS = ankylosing spondylitis. 

 

Descriptions and diagnostic criteria for diseases also fluctuated. Initially reports were analysed to see 

whether they provided descriptions or simply stated the disease was present. The percentage of 

reports providing descriptions of lesions generally increased between 2000-2020, with the trend of 

practitioners providing more descriptive information (Figure 6.48).  

 

 

Figure 6.48. The percentage of reports over time providing descriptions of pathological lesions seen. DJD = degenerative 
joint disease, VO = vertebral osteophytosis, OA = osteoarthritis, DDD = degenerative disc disease, SNS = Schmorl’s nodes, 
DISH = diffuse idiopathic skeletal hyperostosis, AS = ankylosing spondylitis. 
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Where described the terminology for diagnosing VO and DDD remained constant, with VO being 

described as lipping or growth of marginal osteophytes and DDD being described as a combination of 

osteophytes and pitting on the vertebral body. The descriptions for other diseases changed over time. 

Early reports simply described DISH as “fusion” of the vertebrae, but there was a change over time to 

100% reports after 2011 describing fusion as “candlewax” in appearance. Descriptions also increased 

mention of fusion of the ALL and lack of involvement of the intervertebral disc space. The inclusion of 

extra spinal manifestations was variable and included different markers in each report. AS was the 

rarest disease in all time periods and descriptions were sparse. Two early reports simply described 

“ankylosis” and “fusion” of vertebrae, whilst later reports provided more details, including “bamboo 

spine” appearance and loss of intervertebral disc space. While AS was only diagnosed in one report 

post 2016, it was described in a second report as part of a differential diagnosis with DISH. For SNS, 

early reports tended to describe the lesions as traumatic in origin (n=7/9 descriptions 2000-05), whilst 

later reports tended to describe them as being degenerative in origin (n=12/22 descriptions 2011-15, 

6/14 descriptions 2016-20). In all instances, SNS were consistently described as herniations of the 

intervertebral disc through the endplate into the vertebral body. 

The diagnostic criteria for DJD and OA were more complex and often interconnected. DJD was often 

used as an umbrella term, before proceeding to list conditions such as OA and DDD. However, DJD 

and OA were frequently conflated, with changes on the vertebral bodies being described as OA. This 

decreased over time, being found in 79% (n=11) of reports from 2000-05 and in 19% (n=4) of reports 

2016-20. This change was nearly significant, p=0.06. In later reports, OA was more likely to be 

discussed as pertaining to the facet joints and the term DJD was used for changes to the vertebral 

bodies, although sometimes it was still used as an umbrella term. For DJD in all time periods the 

presence of osteophytes and porosity or pitting were the criteria necessary for diagnosis, with some 

inclusion of eburnation and fusion. For OA, the criteria usually involved a combination of eburnation, 

osteophytes, and porosity, with some mentions of cyst formation and sclerosis. Only three of 62 

reports which listed diagnostic criteria for OA used eburnation as the sole criteria for identification. 

The remaining reports used eburnation only or a combination osteophytes and porosity, as per criteria 

laid out by Rogers and Waldron (Rogers and Waldron 1995, Waldron 2009). Osteophytes were the 

most recognised and described lesion in all eras, being recorded in 64% (n=104) of all reports. The 

highest frequency for recording these lesions was seen in 2016-20, where 77% (n=24) of reports 

mentioned osteophytes. 
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6.3.1.3 Reports by author 

 

A further study was undertaken on the reports authored by the 17 osteologists who wrote three or 

more reports included in the study  in order to examine if the variation in descriptions within and 

between osteologists. Of the 17 osteologists analysed, six individuals were freelance and 11 worked 

for commercial companies. Those who worked for companies had on average written fewer reports 

included in the analysis, while those who were freelance had had a higher number of reports. In total, 

41 reports were analysed. 

Comparing reports by author it became clear that individuals had set text which they inserted into 

their osteological analyses. Often these were simple one sentence descriptions or phrases, but in the 

case of the most prolific authors, extended to the repetition of entire paragraphs which were used as 

a pro forma into which data were inserted. These individuals therefore had highly uniform writing 

styles and were consistent in their description and reporting of diseases. However, between authors 

there was variation in the way diseases were diagnosed, presented, and discussed. For example, whilst 

all authors used similar methods of analysis and reporting disease by presence or absence, three 

consistently used grading methods for OA and two primarily used “rapid scanning” for analysis.  

Freelance practitioners tended to be involved in smaller projects, with only one osteologist having 

examined over 100 sets of remains for a single report, with the other five having all examined fewer 

than 50 skeletons per report. Comparatively, those who worked for companies examined larger 

numbers of remains for reports, with five having written reports for with over 100 remains analysed, 

and only two having examined fewer than 50 skeletons per report. However, this difference was not 

significant (p=0.38). The number of skeletons analysed was closely linked to prevalence rate reporting. 

Freelance osteologists often analysed populations fewer than 20 skeletons and so did not provide 

overall CPR or TPR (68%; n=28), instead opting to describe skeletons or provide tables of information, 

this variation was not significant (p=0.24). Those who worked for companies were more likely to use 

CPR or both CPR and TPR (12%; n=12 for both). However, when analysing larger collections of remains, 

individuals working for companies tended not to state any prevalence rate (27%; n=11), and just 

provide osteological tables of information. As such, there was no significant difference in the use of 

CPR and TPR between groups (p=0.52 and 0.78 respectively). 

The level of detail and integration of reports varied. Freelance osteologists were more likely to have 

their work presented as a separate report or an appendix although this was not significant (p=0.86), 

with only 37% (n=15) integrated with other information. Freelance reports were detailed, with 85% 

(n=35) providing details of diagnostic criteria and varying levels of discussion of the results, dependent 
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on the population size being analysed. In comparison, osteological data from archaeology companies 

was fully integrated in 64% (n=26) of reports, with detailed diagnostic criteria and discussion in only 

44% (n=18) of reports. The variation in detail between groups was not significant (p=0.26). 

Both freelance and company based practitioners consistently used the same literature throughout the 

period of this study. Only three individuals updated the references they used between reports, and 

this was matched in changing the way they described pathologies. For example, one author described 

SNS resulting from trauma in three (2008, 2008, 2012) out of four of their reports, but in their most 

recent description (2019) they acknowledge the debate surrounding SNS aetiology and included that 

they can also be caused by degenerative changes and other diseases, citing work by Dar et al (2010). 

Another author consistently uses Rogers and Waldron’s (1995) diagnostic criteria for diagnosing OA in 

their reports between 2000-2014, but changes this to an eburnation only style of diagnosis in reports 

from 2018 onwards, citing Craps (2015). The remaining individuals rely very heavily on the same older 

editions of core texts. Two individuals cite literature published nearly exclusively before 2000. For one 

osteologist their most recent text was Roberts and Cox (2003), with all three of their included reports 

being published after 2009. The only exception for the other osteologist was BABAO (2004), despite 

seven of eight of their included reports being published after 2005. Additionally, the most prolific 

practitioners tend to cite their own archaeological reports when making comparisons to other 

populations and discussing findings. Most reference lists lack diversity and the inclusion of published 

literature across both freelance and company based reports. 

As with the overall analysis, the most common conditions were DJD (65%; 53), SNS (61%; n=50), and 

OA (60%; n=49). SNS were more frequently described as “degenerative” (36%; n=18) followed by 

“traumatic” (22%; n=11) in origin. Osteophytes, related to the diagnosis of DDD, DJD, OA and VO, were 

the most described lesions by all authors. One individual used the term DJD as an umbrella term to 

describe changes relating to the bodies and facets joints (“The term joint disease encompasses a large 

number of conditions with different causes”), with only three authors conflating OA and DJD. 

Individuals were consistent in their descriptions of lesions, relating to their repetitive use of certain 

phrases. Across all authors who provided descriptions of OA, the most common phrasing was to 

describe eburnation as being the “most apparent” and “pathognomonic” characteristic, but that OA 

was “recorded as present when at least two of the features associated with OA were present (e.g., 

osteophytes and porosity)”. Authors were also consistent in the level of detail they provided in 

describing diagnostic criteria, again due to repeated phrasing. One individual lessened the level of 

detail provided in their analysis reports over time. Potentially due to a pencil comment in the margin 

of their analysis stating, “Most of this detail is unnecessary”. 
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6.3.2 Results from Theses 
 

Due to the small number of theses identified on EThOS and the variety of the research undertaken 

statistical comparisons could not be undertaken. However, qualitative analysis did identify some 

themes and trends within the research.  

The first elements of the theses analysed were the aims and methods. Methods were more easily 

compared, with 70% of theses (n=19) looking at full sets of skeletal material, followed by 22% (n=6) 

focusing on vertebral joints and 8% (n=2) on all joints. Within this 78% (n=21) recorded disease on a 

presence or absence basis, and 37% (n=10) used severity. Forty one percent of theses (n=11) created 

full biological profiles for remains, while 30% (n=8) were developing new methods. Additional 

methods, such as isotope analysis, were used in 11% of theses (n=3) while 11% of theses (n=3) used 

data collected by other researchers as the basis for their work. Thesis aims were much more diverse 

and complex but could be divided into population studies and those with a more methodological focus 

(Figure 6.49). Several factors were often researched within a single thesis, particularly within 

populations studies which often utilised historical accounts to examine various factors surrounding 

personal and population identity. 

 

Figure 6.49. The range and complexity of topics explored within bioarchaeological theses. 
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The most common themes were comparing populations (81%; n=22) and exploring the factors which 

affected the development of disease (70%; n=19). These theses often explored the effect of diet, 

health, and activity on individuals through skeletal analysis and how this related to social status and 

identity. Comparatively, methodological studies were divided into those that aimed to improve 

current methods of disease recording and those which used novel techniques such as geometric 

morphometrics and shape analysis to explore disease development. The latter style of thesis was more 

closely linked to the population study style of thesis but involved more discussion of biometrics and 

clinical literature. Indeed, one thesis on the development of SNS even utilised clinical data for their 

research. 

Disease frequency was analysed. The most researched condition was OA (85%; n=23), whilst the least 

common diseases were VO and AS (11%; n=3 for both) (Figure 6.50). In comparison to the archaeology 

reports, there was a greater focus on OA, although SNS and DJD were also highly researched.  

 

 

Figure 6.50. Disease frequency across the theses. OA = osteoarthritis, DJD = degenerative joint disease,  SNS = Schmorl’s 
nodes, DISH = diffuse idiopathic skeletal hyperostosis, DDD = degenerative disc disease, VO = vertebral osteophytosis, AS = 
ankylosing spondylitis. 

 

Only four theses did not state an overall standard and two created their own unique standards based 

on a review of the literature. The most used standards were those by Buikstra and Ubelaker (1994) 

(30%; n=8). Additionally, one thesis attempted to use this standard but deemed it too “bulky” and not 

appropriate for British skeletal collections, given that the standard was developed in the USA and 

opted to use alternative standards. Also cited as standards were Rogers and Waldron (1995) (22%; 

n=6), Waldron (2009) or Sager (1969)/Brothwell (1981) (19%; n=5) and Brickley and McKinley (2004) 
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(15%; n=4). A high percentage of theses presented either true prevalence rates (30%; n=8) or both 

crude and true prevalence rates (26%; n=7), while 33% (n=9) presented only crude prevalence. Two 

of the theses did not present prevalence of disease due to the fact they were developing new 

methods. One thesis provided a unique joint disease index with a novel form of presenting the average 

joint scores for the population. 

The overall reference lists for the theses were variable depending on the nature of the research being 

undertaken. In comparison to archaeological reports there was greater usage of published literature, 

including a greater number of publications from clinical journals to provide background on the 

development of pathology. There was also less reference to unpublished archaeology reports, 

although theses undertaking comparisons with British skeletal collections did cite some reports. 

Similar core texts were used throughout, with a bias towards the publications of certain authors. The 

most cited publications were Roberts and Manchester (1995, 2005, 2007, 2010) (67%; n=18), Rogers 

and Waldron (1995) (59%: n=16), and Ortner (2003) (56%: n=15). The number of citations of authors 

who have more than one publication referenced in theses is seen in Figure 6.51, while the top 

individual publications are listed in Table 6.53. 

 

Figure 6.51. The number of citations within theses of authors who have more than one publication referenced within 
palaeopathology theses. 
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Table 6.53.  The top publications cited in theses between 2000-2020. 

 

There were commonalities in the terminology used to describe lesions. VO was always described as 

“marginal osteophytes” and “lipping” of the vertebral bodies. DDD, described in 8 theses, was also 

diagnosed primarily in terms of osteophytes (75%; n=6) and porosity (50%; n=4). SNS, seen in 15 

theses, were most often explained as “herniations of the intervertebral disc” (66%; n=10). In 33% (n=5) 

they were primarily degenerative in origin, or of a mixed aetiology, with 20% of theses describing them 

as originating due to trauma.  

The diseases DISH and AS were seen in nine and three theses respectively. While they were primarily 

seen incidentally within skeletal analyses, there were three theses which were specifically dedicated 

to researching DISH. The main lesions described in the development of DISH was the “flowing” 

“candlewax” (56%; n=5) ossification of the ALL (56%; n=5) in the thoracic region (56%; n=5) with extra 

spinal manifestations. Sites of entheseal change were variable but mainly noted on the patella and 

calcaneus. The next most important diagnostic trait was lesions being confined to the right hand side 

of the spine (44%: n=4) anterolaterally (33%; n=3). Three theses (33%) used the fusion of four 

vertebrae as the standard for diagnosis, with only one thesis stating three vertebrae must be fused 

(11%). There were only two mentions of early DISH (22%). One thesis (11%) also mentioned the 

importance of preservation of the intervertebral disc spaces and lack of degeneration in the spine. All 

theses describing the diagnosis of DISH mentioned its potential metabolic origins and cited Rogers and 

Authors Year Title % of theses n= 

Roberts and 
Manchester 

1995 
2005 
2007 
2010 

The Archaeology of Disease 67% 5 
10 
2 
1 

Rogers and Waldron 1995 Field Guide to Joint Disease in 
Archaeology 

59% 16 

Ortner (and Putschar) 1985 
1991 
2003 

Identification of Pathological Conditions 
in Human Skeletal Remains 

56% 2 
1 

15 

Buikstra and 
Ubelaker 

1994 Standards for Data Collection from 
Human Skeletal Remains 

52% 14 

Aufderheide and 
Rodriguez 

1998 
2011 

The Cambridge Encyclopaedia of Human 
Palaeopathology” 

44% 11 
1 

Waldron 2009 Palaeopathology 44% 12 

Rogers et al 1987 Arthropathies in Palaeopathology: The 
Basis of Classification According to Most 

Probable Cause 

33% 9 

Rogers and Waldron 2001 DISH and the Monastic Way of Life 33% 9 

Brickley and 
McKinley 

2004 
2008 

Guidelines to the Standards for 
Recording Human Remains 

33% 8 
1 

Brothwell (and Sager) 1981 
(1969) 

Digging Up Bones 30% (44%) 8 (4) 
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Waldron’s (2001) paper on monastic populations and DISH. There was much less agreement in 

descriptions of AS. The only trait mentioned in more than one thesis was “loss of joint space” between 

vertebral bodies (66%; n=2) and involvement of the pelvis (66%; n=2 (only one specified the sacroiliac 

joint)). Other traits mentioned in passing were ossification of the inter and supraspinous ligaments, 

loss of joint space between the facet joints and that the disease was predominantly found in the 

lumbar region (33%; n=1).  

Definitions and diagnosis of OA within theses were uniform. Of the 23 theses looking at OA 78% (n=18) 

described it as a condition of the synovial joints only, or as occurring separately to the degeneration 

of the intervertebral disc. The main lesions described as indicative of OA were osteophytes (87%; 

n=20), porosity or pitting (78%; n=18) and eburnation (78%; n=18). Also described were changes to 

joint contour (35%; n=8), sclerosis (22%; n=5), cysts (17%; n=4) and surface osteophytes (13%; n=3). 

Characteristics of DJD were also well defined, with 64% (n=6) of 11 theses stating that osteophytic 

lesions and pitting or porosity were diagnostic. Eburnation was mentioned as a diagnostic lesion in 

55% (n=6) of theses. Changes to joint contour, sclerosis and joint space narrowing were only 

mentioned in one thesis (9%). The descriptions of DJD varied, however, with 45% (n=5) using the term 

as its own disease process and 55% (n=6) using it as an umbrella term which covered diseases such as 

VO, DDD and OA.  

 

6.3.3 Results from published literature 
 

6.3.3.1 Overview  of published literature 

 

Unlike the archaeology reports and theses, published literature showed consistent aims, often stated 

the aim was to present and discuss findings from an analysis or excavation. Due to publications having 

such similar aims, the key words, outputs, and approach of the literature were analysed to establish a 

study “type”. There were 24 study areas identified. The main types of study seen were population 

analysis (53%; n=87), activity analysis (30%; n=49), and population comparison (25%; n=41). Studies 

often fell into multiple groups, for example studies performing “population analysis” may then 

proceed to compare their data with other studies (“population comparison”) and assess differences 

in “health” and “activity”. Other commonly grouped types were studies exploring “statistics” (n=5) 

and “biomechanics” (n=4) which were subtypes of “methodological” studies (Figure 6.52). 
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The primary methods seen in the literature were macroscopic analysis (74%; n=120) and recording 

diseases by presence or absence (72%; n=118). This was followed by the creation of a full biological 

profile for remains, described in 42 studies (26%). Vertebrae only research was described in 31 studies 

(19%), while 31 studies used a unique method for their analysis. These unique studies were those 

whose aims were classified as emphasising method development, biomechanical research, and a more 

experimental approach. Disease severity was recorded in 17% of publications (n=27), and CT and 

radiographic imaging were in 7% (n=11) and 4% (n=7) of studies respectively. As with the archaeology 

reports, disease prevalence reporting most frequently fell into the “N/A” category (30%; n=49) due to 

small sample sizes, or in this case due to study type (review, method development). Crude prevalence 

was reported in 28% (n=46) of studies, whilst true prevalence was reported in 20% (n=32). Several 

studies (18%; n=29) presented both crude and true prevalence rates.  

OA was the most discussed disease within the literature, mentioned in 57% (n=93) studies, followed 

by DJD (37%; n=61) and SNS (26%; n=43). In contrast to theses and archaeology reports, DDD was the 

least explored condition (3%; n=5)(Figure 6.53). Of the 163 publications, 30% (n 49) were labelled as 

“N/A” with regards to prevalence due to small sample sizes or the nature of the publications (e.g., 

reviews, textbooks, or methodological design).  
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Figure 6.52. The number of studies falling into different study type categories. Those in dark green represent primary study 
types, those in pink represent secondary study types. 
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To make trends more apparent, results from the published literature have been separated by year and 

geographical region. 

 

6.3.3.2 Publications by year 

 

Initially the distribution of papers by year was analysed (Figure 6.54).  

The publications were divided into the same year groups as the archaeology reports. The number of 

publications in each time period increased, with the 2016+ year group having the greatest number of 

publications (46%; n=75). The period 2011-2015 included 36 papers (22%), 2006-2010 included 30 

(18%) and 2000-2005 included 22 (13%). 
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Figure 6.53. The frequency of diseases reported in the published literature. OA = osteoarthritis, DJD = degenerative joint 
disease, SNS = Schmorl’s nodes, DISH = diffuse idiopathic skeletal hyperostosis, VO = vertebral osteophytosis, AS = 
ankylosing spondylitis, DDD = degenerative disc disease. 

Figure 6.54. Distribution of publications over time. 
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 There were chronological fluctuations in the focus of the literature (Figure 6.55).  

 

The fluctuations in the number of population comparisons (χ2=5.4 p=0.14) and the interest in stress 

(χ2=2.5 p=0.48) were not significant. The overall decrease in the interest in activity (χ2=13.28 p=0.004), 

and population analyses (χ2=8.49 p=0.03) were significant. The overall increased interest in lifestyle 

(χ2=22 p=6.5E-05) and methodological analyses (χ2=15.82 p=0.001) were significant, as was the 

fluctuation in  case studies (χ2=9.20 p=0.03),  

Methods used also varied between time periods (Figure 6.56).  

The fluctuation in vertebrae only methods (χ2=3.14 p=0.37), and the increased use of Radiography 

(χ2=7.00 p=0.07) and creation of skeletal profiles (χ2=4.44 p=0.22) was not significant. The increase in 

CT (χ2=8.43 p=0.03), and unique methods (χ2=24.09 p=2.4E-05) were significant, as were the overall 
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Figure 6.55. Changes in the number of different primary study types over time. 

Figure 6.56. Changes in methods used within published literature over time. Macroscopic An = macroscopic analysis, P/A = 
presence or absence, CT = computerised tomography, Severity = use of severity scales, Others data = use of second party 
data, Unique = use of novel methods 
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decreases in the use of macroscopic analysis (χ2=12.88 p=0.005), presence or absence (χ2=16.79 

p=0.0008), and severity scales (χ2=8.67 p=0.04), and fluctuation in the use of others data (χ2=8.60  

p=0.04). 

The reporting of prevalence rates fluctuated (Figure 6.57). There were increases in the use of CPR and 

TPR when the number of “N/A” publications (case studies or those with small sample sizes) decreased. 

Reporting both prevalence rates has remained consistent, whilst the number of publications utilising 

unique methods (e.g., health indexes) increased. The trends in the use of TPR (χ2=2.68 p=0.44), and 

both CPR and TPR (χ2=6.72 p=0.08) were not significant. However, the fluctuations in “N/A” 

publications (χ2=22.17 p=6E-05), the decrease in CPR (χ2=7.74 p=0.05) and the increase in other 

reporting methods (χ2=8.42 p=0.04) were significant. 

There was an increase literature stating the use of standards, rising from 82% (n=18) of papers 

between 2000-05 to 92% (n=69) of papers from 2016 onwards. The use of standards created solely by 

the authors decreased, from 36% (n=8) between 2000-05 to 8% (n=13) from 2016. The standards cited 

by publications varied greatly between time periods, negating the analysis of trends in specifc 

standards. For example, Buikstra and Ubelaker (1994) featured highly in literature between 2006-10 

(20%; n=6) and from 2016 onwards (21%; n=16). It is only in publications from 2016 that a consistency 

in standards was seen, with papers citing Rogers and Waldron (1995) (12%, n=9) and Waldron (2009) 

(8%; n=6). Before 2016 standards (apart from Buikstra and Ubelaker (1994)) were never cited in more 

than two papers. 
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Literature used as general references appeared to show some trends over time (Table 6.54). Between 

2000-05, the most cited reference was Ortner’s textbook (59%; n=13), followed by Bridges (1994) and 

Lovell (1994) (23%; n=5). Ortners textbook was still the most cited between 2006-10 (47%; n=14),  

receiving the same level of citation as Buikstra and Ubelaker (1994). A similar pattern was repeated 

between 2011-15 and 2016+. However, whilst literature by Lovell (predominantly 1994) and Bridges 

(predominantly 1991) were cited mainly up to 2010, after this there was an increase in citing 

Aufderheide (1998) and Waldron (2009). Post 2016 Rogers and Waldron are the most cited authors in 

literature pertaining to degenerative joint diseases, whilst Ortner (2003) is the most cited single text. 

Table 6.54. Primary references used for joint pathology in the published literature over time. 

Publication Year Cited In Primary Version Cited 

Ortner 
“Identification of 
Pathological Conditions in 
Human Skeletal Remains” 

00-05 
06-10 
11-15 
16+ 

59% (13/22) 
47% (14/30) 
53% (19/36) 
49% (37/75) 

1981 (9/13) 
2003 (8/16) 
2003 (16/23) 
2003 (33/42) 

Rogers and Waldron  
Various Publications 
Combined 

00-05 
06-10 
11-15 
16+ 

41% (9/22) 
57% (17/30) 
61% (22/36) 
71% (53/75) 

1995 (5/17) 
1995 (7/43) 
1995 (9/52) 
2009 (28/144) 

Buikstra and Ubelaker 
“Standards” 

00-05 
06-10 
11-15 
16+ 

18% (4/22) 
47% (14/30) 
50% (18/36) 
49% (37/75) 

 
1994 

Jurmain 
Various Publications 
Combined 
 

00-05 
06-10 
11-15 
16+ 

32% (7/22) 
33% (10/30) 
31% (11/36) 
37% (28/75) 

1990 (4/10) 
1977/1999 (7/29) 
2007 (10/33) 
2007 (21/81) 

Bridges 
Various Publications 
Combined 

00-05 
06-10 
11-15 
16+ 

27% (6/22) 
33% (10/30) 
19% (7/36) 
25% (19/75) 

1984 (5/10) 
1992 (8/19) 
1991 (3/7) 
1991 (13/30) 

Aufderheide and Rodriguez 
“The Cambridge 
Encyclopaedia of Human 
Palaeopathology” 

00-05 
06-10 
11-15 
16+ 

14% (3/22) 
27% (8/30) 
36% (13/36) 
35% (26/75) 

1998 (3/4) 
1998 (7/8) 
1998 (12/13) 
1998 (26/27) 

Lovell 
Various Publications 
Combined 

00-05 
06-10 
11-15 
16+ 

23% (5/22) 
1% (3/30) 
14% (5/36) 
8% (6/75) 

1994 (5/7) 
1994 (3/3) 
1994 (5/5) 
1994 (6/6) 
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How commonly papers examined specific diseases varied between time periods (Figure 8.23). The 

fluctuation in reporting DDD (χ2=2.20 p=0.53)  and VO (χ2=5.74 p=0.12) were not significant. However, 

the fluctuations in DJD (χ2=11.87 p=0.007)  and OA (χ2=27.72 p=04.1E-06), and the increase in SNS 

(χ2=22.18 p=6E-05)  were significant. The trends in DISH and AS could not be tested due to the small 

number of publications exploring these diseases.  

 

 

 

 

 

 

 

 

 

 

Descriptions of diseases changed over time. For OA and DJD the most mentioned diagnostic features 

were osteophytes, eburnation, and porosity, although their importance varied. In both conditions, 

osteophytes were the main diagnostic feature, with decreasing importance in porosity. Whilst 

eburnation was consistently mentioned in DJD (between 32-54% of studies), it was increasingly seen 

as important in OA, being mentioned in 40% (n=6) of studies between 2000-05 to 60% (n=27) of 

studies post 2016, peaking between 2011-15 with 80% of studies listing it as a criterion. In descriptions 

of the diseases, several studies conflated DJD and OA, using the terms interchangeably. This generally 

decreased, occurring in 33% (n=5) studies between 2000-05 to 13% (n=6) of studies after 2016, 

peaking between 2011-15 (40%; n=8). This overall decrease in conflating the two conditions occurred 

alongside an increase in the number of studies mentioning OA only occurred in synovial or 

diarthrodial, something mentioned in 0% of studies between 2000-05 rising to 22% (n=10) of studies 

post 2016. There was also an increase in the mention of joint contour change as a feature of OA, 

mentioned in 0% of studies between 2000-15, rising to 16% (n=7) of publications post 2016. Another 

trend noted was that a small number of studies (between 6-11%) persistently defined “lipping” as 

being separate from “osteophyte” formation without clarifying what the difference was, whilst the 

remaining studies used the terms interchangeably to describe osseous formations developing on the 

joint margins.  
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Figure 6.58. Changes in the reporting of spinal degenerative diseases over time. DJD = degenerative joint 
disease, VO = vertebral osteophytosis. OA = osteoarthritis, DDD = degenerative disc disease, SNS = 
Schmorl’s nodes, DISH = diffuse idiopathic skeletal hyperostosis, AS = ankylosing spondylitis. 
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VO and DDD were consistently related to the presence of osteophytes, with a minimal number of 

studies linking them to OA, or more generally to porosity of the joint. Descriptions of DISH and AS 

were the most variable. For DISH, right sided spinal lesions, “flowing” or “candlewax” appearance, ALL 

involvement, preservation of disc space and some extra spinal manifestations were the only traits 

mentioned across all time periods. However, earlier studies only described DISH as “flowing”, with 

“candlewax” appearance only being described from 2011 onwards. The description of DISH as a 

disorder of “ossification” only occurred after 2006 onwards, as did mentions of the number of fused 

vertebrae for diagnosis and the discussion of early DISH. The primary number of fused vertebrae 

mentioned was “at least four”, but this varied from 63% (n=5) between 2006-10, 11% (n=1) 2011-15 

and 21% (n=4) post 2016. The criteria of “early” or “probable” DISH peaked between 2011-15 featuring 

in 22% (n=2) of studies, decreasing to 11% (n=2) post 2016. Descriptions of AS were equally variable, 

although some trends were noted. Overall, there was an increase in the discussion of AS and an 

increase in the number of diagnostic traits discussed. Between 2000-2005 a single publication 

mentioned AS and listed symmetrical involvement of the SI joint and enthesophyte formation. 

Between 2006-10 fusion of the SI joint and the vertebrae were discussed, but from 2011 onwards 

discussions expanded to include traits such as bamboo spine appearance, costovertebral fusion, 

syndesmophyte formation, the progressive nature of the condition and lack of skip lesions. Between 

2011-15 the primary diagnostic trait of AS was described as bamboo spine appearance (83%; n=5), 

which decreased post 2016 (55%; n=6) in favour of syndesmophyte formation (64%; n=7). 

SNS descriptions also varied over time. As discussion of these lesions increased, so did the level of 

detail used to describe them. They were predominantly defined as herniations of the intervertebral 

disc which appeared as indentations of various sizes on the vertebral endplates. However, there was 

variation in discussing their aetiology. Between 2000-05 the lesions were only mentioned in three 

studies, with one study describing them as being dues to stress and trauma. Between 2006-10, 43% 

(n=3) of studies described them as being due to congenital weakness of the vertebrae, whilst between 

2011-15 the favoured aetiology was trauma and loading (44%; n=4 for both). In the most recent 

studies, SNS were stated as lesions relating to repeated stress (16%; n=4), trauma, or natural 

degeneration of the disc (12%; n=3 for both). The number of studies acknowledging the debate in the 

lesions aetiology generally increased, from 0% between 2000-05 to 8% (n=2) post 2016. However, this 

peaked between 2006-10 (29%; n=2). 
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6.3.3.3 UK vs international publications 

 

Geographical distribution of publications was assessed using the affiliated institutions of the authors. 

The majority of publications were of European origin (40%; n=66), followed by international 

collaborations (27%; n=27%) (Figure 6.59). These were publications which included authors affiliated 

with institutions from multiple geographical regions. The top five individual countries involved in 

palaeopathological publications were the United States of America (n=55), the United Kingdon (n=34), 

Italy (n=18) and Germany (n=13). Of the European publications, 18 were collaborations between 

multiple European countries. Authors from the United Kingom only published 15 papers without 

European or international collaboration. 

For further analysis in publication trends a geographical region was deemed to need a minimum of 

three publications, therefore South America, Africa and Australasia were excluded. Publications from 

Europe (n=66) were then divided into single country studies (51%; n=34), collaborative studies (EUC) 

(27%; n=18), and UK only studies (22%; n=15) to elucidate if there were different trends within these 

groups.  

Globally, the most common type of study is population analysis, usually followed by studies exploring 

one or more of activity, lifestyle, or population comparison (Figure 6.60). The fluctuations in the 

interest in population analysis (χ2=9.31 p=0.03)  and comparison (χ2=9.12 p=0.03) were significant. In 

the UK methodological studies were much more prominent (53%; n=8), although this variation was 

not significant (χ2=3.5, p=0.32). In North Asia case studies were most prevalent (67%; n=6), this was 

Figure 6.59. Distribution of palaeopathology publications by global region. (Image by author) 
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approaching significance (χ2=7.33, p=0.06). Fluctuations in the interest in lifestyle (χ2=4.29 p=0.23) and 

stress (χ2=2.40 p=0.49) were not significant. 

Macroscopic analysis and recording disease by presence and absence were predominant across all 

geographical regions (Figure 6.61). However, these methods showed significant variation (χ2=11.11 

p=0.01 and χ2=12.43 p=0.006 respectively). The variation in the use of skeletal profiles (χ2=2.13 

p=0.55) and unique (χ2=4.17 p=0.25) or vertebrae only methods (χ2=6.58 p=0.09)  was not significant, 

nor were the use of other methods (χ2=3.19 p=0.36). The use of CT, radiography, severity scales and 

other studies data were grouped together for analysis due to the low number of studies utilising these 

methods.   

0%

10%

20%

30%

40%

50%

60%

70%

80%

EU EUC UK INT NAM NAS SEA

P
er

ce
n

ta
ge

 o
f 

st
u

d
ie

s

Population Analysis Population Comparison Case Study Activity Lifestyle Methods Stress

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

EU EUC UK INT NAM NAS SEA

P
er

ce
n

ta
ge

 o
f 

St
u

d
ie

s

Macroscopic An P/A CT Radiograph Severity

Skeletal Profile Vertebrae Only Others Data Unique

Figure 6.61. Distribution of methods used by geographical region. EU = Europe, EUC = European collaboration, UK = United Kingdom, INT = 
International, NAM = North America, NAS = North Asia, SEA = Southeast Asia. Macroscopic An = macroscopic analysis, P/A = presence or 
absence, CT = computerised tomography, Severity = use of severity scales, Others data = use of second party data, Unique = use of novel 
methods 

 

Figure 6.60. Distribution of study types per geographical region. EU = Europe, EUC = European collaboration, UK = United 
Kingdom, INT = International, NAM = North America, NAS = North Asia, SEA = Southeast Asia. 
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Reporting of disease prevalence varied by region (Figure 6.62). The UK was highest in the “N/A” 

category (53%; n=8), relating to the use of unique methods and undertaking methodological studies. 

This trend was significant (χ2=25.99 p=9.58E-06). Single country European literature was the highest 

for using CPR (38%; n=12), whilst collaborative European work was the most likely to use TPR (29%; 

n=5). Southeast Asian literature had the highest use of both CPR and TPR (43%; n=3). The variation in 

the use of both reporting methods (χ2=6.82 p=0.08), other reporting methods (χ2=6.68 p=0.08)  and 

the use of TPR (χ2=2.33 p=0.51) and CPR (χ2=5.97 p=0.11) were not significant.  

 

 

 

 

 

 

 

 

 

 

 

In single country European studies there was an equal number of publications citing Buikstra and 

Ubelaker (1994), no standards, or standards of their own design (19%; n=6). In collaborative European 

work there was high use of general methods, but no overall standard for pathology recording (39%; 

n=7). In the UK, most publications used their own standards (40%; n=6). This was also seen in 

internationally collaborative research (30%; n=13). However, this research also used Buikstra and 

Ubelaker (1994) (20%; n=9), general methods (14%; n=6), and general pathology publications (Ortner 

(2003), Waldron (2009), and Rogers and Waldron (1995) (9%; n=4)) as sources for standards. North 

American research predominantly used Buikstra and Ubelaker (1994) (24%; n=8), followed by no 

standards or use of Rogers and Waldron (1995) (17%; n=4). North Asia often used general methods 

only (33%; n=3), whilst Southeast Asian research was often based on Wada (1975) (29%; n=2). 

Across all regions, the authors Rogers and Waldron showed the highest number of different 

publications cited (predominantly Rogers and Waldron (1995)), followed Jurmain (predominantly 
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Figure 6.62. Distribution of prevalence reporting in different geographical regions. EU = Europe, EUC = European 
collaboration, UK = United Kingdom, INT = International, NAM = North America, NAS = North Asia, SEA = Southeast Asia.  
True P = true prevalence rate, Crude P = crude prevalence rate, Both = both crude and true prevalence rate, N/A = case 
study or publication with a small sample size, Other = unique reporting method 
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Jurmain (1999)). Internationally, Ortner’s textbook, Buikstra and Ubelaker (1994) and Rogers and 

Waldron (1995) were the most cited references. While these were prevalent in different regions, the 

overall number of citations varied. The top citations for each region can be seen in Figure 6.63. UK 

literature showed a strong reliance on work by Rogers and Waldron, with 18 of their publications cited 

in 13 studies (86%). This was also seen in International and North American publications, where 22 

publications were cited in 21 studies (48%) and 17 publications in 21 studies (62%) respectively. North 

America showed the highest usage of work by Jurmain, citing 13 publications across 15 studies (44%). 

North and Southeast Asian showed the greatest variability beyond the top citations. The primary 

clinical source seen was publications by Resnick and Niwayama, such as Resnick’s textbook “Diagnosis 

of Bone and Joint Diseases” (1995). 

 

OA was the most researched disease in all regions, with DDD being lowest (Figure 6.64). DJD was the 

second most reported condition in all regions except single country European publications. The term 

DJD was most often used in collaborative European research (50%; n=9). In single country European 

papers, the second most common condition was SNS (44%; n=14), which were discussed the least 

within UK publications (7%; n=1). DISH and AS were most often reported in literature from North Asia 

(43%; n=3 for both) and least reported in Southeast Asia (14%; n=1) and North America (DISH 15%; 

n=5, AS 12%; n=4). Due to low numbers of publications reporting the diseases, DISH, AS, VO, and DDD 

were grouped together. When analysed, the geographic variation in these conditions was significant 

(χ2=11.67 p=0.008). The geographic variation in publications interested in OA (χ2=5.36 p=0.15), DJD 

(χ2=4.17 p=0.24), and SNS (χ2=4.06 p=0.25) were not significant.  

Figure 6.63. Main references cited in different global regions. (Image by author) 
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Across all geographical regions the prime diagnostic criterion for DJD was osteophytes (EU 58% (n=7), 

EUC 44% (n=4), UK 75% (n=3), International 76% (n=13), North American 60% (n=6) North Asian 100% 

(n=4), Southeast Asian 50% (n=1). For EU, International and North American studies eburnation was 

the second most mentioned characteristic, 42% (n=5), 59% (n=10), and 40% (n=4) respectively, 

followed by porosity, 33% (n=4), 53% (n=9), and 30% (n=3) respectively. In collaborative EU studies 

porosity was the second most mentioned trait (22%; n=2), followed by eburnation (11%; n=1). UK and 

Southeast Asian literature mentioned all three traits equally. North Asian studies listed porosity and 

osteophytes equally, followed by eburnation. International and single country EU studies listed the 

trait “lipping” as separate to that of osteophytes in 18% (n=6) and 25% (n=7) of studies respectively, 

while studies from all other regions either used terms interchangeably or preferred osteophytes.  

When describing OA, the UK was the only geographical region to list eburnation as the primary trait 

(75%; n=6), with porosity and osteophytes mentioned equally after this (63%; n=5). North American 

and North Asian studies listed eburnation equally with osteophytes, 59% (n=13) and 75% (n=3) 

respectively, followed by porosity. Southeast Asian literature primarily described OA in terms of 

osteophytes and porosity (60%; n=3), followed by eburnation (40%; n=2). International and EU single 

country and collaborative work all listed osteophytes as the main diagnostic trait of OA, 79% (n=16), 

60% (n=10), and 50% (n=5) respectively. However, single country EU and international studies listed 

eburnation second to osteophytes, whilst collaborative EU work listed porosity more commonly than 

eburnation.  
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Figure 6.64. Distribution of publication types in different global regions. EU = Europe, EUC = European collaboration, UK = United 
Kingdom, INT = International, NAM = North America, NAS = North Asia, SEA = Southeast Asia. OA = osteoarthritis, DJD = degenerative 
joint disease, SNS = Schmorls’ nodes, DISH = diffuse idiopathic skeletal hyperostosis, VO = vertebral osteophytosis, AS = ankylosing 
spondylitis, DDD = degenerative disc disease. 
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The diagnosis of VO was found in literature from all regions except collaborative EU work. Whilst DDD 

was only found in UK, international or collaborative European literature. In all cases where these 

conditions were described the primary diagnostic feature was the presence of osteophytic growth on 

the border of the vertebral body. In the UK lesions such as porosity and eburnation were listed in one 

study (100%) as signs of DDD, whilst internationally these were listed in one study (39%) as signs of 

VO.  

The most consistent terminology used to describe SNS was the “herniation of the intervertebral disc 

through the vertebral endplate” which was mentioned in all regions where SNS were diagnosed. 

Where they were described, the nodes were “depressions” in the bone of “variable” size. Differences 

were seen in how studies classified the aetiology of the lesions. International (36%; n=4) and North 

American studies (67%; n=4) favoured trauma as the cause of the lesions, whilst EU collaborative 

studies primarily described the lesions as being caused by repeated loading (29%; n=2). Single country 

EU studies acknowledged the debate in the lesion’s aetiology (36%; n=5), describing the lesions as 

either due to repeated loading or traumatic in origin.  North Asian studies were divided in describing 

the aetiology of the lesions. One study debated SNS aetiology, with the other stated SNS were caused 

by repeated stress on the endplate. In all regions, the relationship of SNS to congenital weakness and 

ageing and degeneration were mentioned, but much less than trauma or loading. SNS were diagnosed 

in one UK study, but not discussed. The lesion was not diagnosed in any Southeast Asian studies.  

Across the EU (single, collaborative, UK) and in international research on DISH, the most common trait 

described was ossification of the spine. In single country EU studies this ossification was as diagnostic 

as right sided lesions and involvement of the ALL (70%; n=7). In EU collaborative work ossification was 

key in 83% (n=5) of studies, followed by preservation of disc space (66%; n=4) and candlewax 

appearance, enthesophyte formation and extra spinal involvement (50%; n=3). In UK publications 

ossification was equal to thoracic involvement and right sided lesions (100%; n=4). This was then 

followed by flowing appearance of lesions, enthesophytes, fusion of at least 3 vertebrae, and extra 

spinal manifestations (75%; n=3). Internationally, ossification and ALL involvement were equal (89%; 

n=8), followed by fusion of at least four vertebrae (67%; n=6), preservation of intervertebral disc space 

(67%; n=6) and zygapophyseal joint space (56%; n=5). In North American literature candlewax 

appearance was the main diagnostic trait (80%; n=4), followed by ossification and extra spinal 

manifestation (60%; n=3). North Asian literature focused on preservation of zygapophyseal (100%; 

n=3) and costovertebral (67%; n=2) joint space, with candlewax appearance of lesions (67%; n=2). 

DISH was only diagnosed and described in one South East Asian study, which described the flowing 

ossification of the ALL in at least four vertebrae with preservation of intervertebral and zygapophyseal 

joint space.  



310 
 

For AS, symmetrical involvement of the SI joint and ankylosis or fusion of the vertebrae were the most 

consistently mentioned traits across all regions (European 57% n=4, European collaborative 100% n=2, 

UK 50% n=1, International collaborative 100% n=2, North American 100% n=4 (fusion) 75% n=3 (SI 

Joint), Northeast Asian 100% n=3, Southeast Asian 100% n=1). For single EU research, syndesmophyte 

formation, fusion of facet joints and bamboo spine appearance were also mentioned as diagnostic 

criteria (43%; n=3). Similarly, EU collaborative literature described syndesmophyte formation, but also 

the erosive nature of the disease (100%; n=2). UK studies also described the importance of 

syndesmophytes (50%; n=1). North American studies used costovertebral fusion (75%; n=3), bamboo 

spine appearance, and lack of skip lesions (50%; n=2) as diagnostic criteria for AS. North Asian studies 

used a combination of syndesmophytes, costovertebral fusion and lack of skip lesions (100%; n=3) for 

diagnosis, whilst the single Southeast Asian study described erosion and enthesophyte formation. 

Internationally, the most important criteria alongside SI joint involvement and fusion were erosive 

lesions and syndesmophyte formation (100%; n=2). The full disparity between the diagnostic criteria 

for each disease can be seen in Table 6.55. 

 

 



311 
 

Table 6.55. Different diagnostic criteria used for degenerative spinal joint diseases in different geographical regions. Traits are listed by importance, calculated by the number of studies for 
each region using that trait for disease identification. 

 

Disease Region 

EU EUC UK INT NAM NAS SEA 
DJD 1. Osteophytes 

2. Porosity 
3. Eburnation 
4. Lipping 

1. Osteophytes 
2. Porosity 
3. Eburnation 
4. Sclerosis/Joint 

contour/Cyst 
formation 
 

1. Osteophytes 
2. Porosity 
3. Eburnation 

1. Osteophytes 
2. Eburnation  
3. Porosity 
4. Joint surface 
5. Lipping 

1. Osteophytes 
2. Eburnation 
3. Porosity 
 

1. Osteophytes/ 
Porosity 

2. Eburnation 
 

1. Osteophytes/ 
Porosity/ 
Eburnation/ 
Joint surface 

OA 1. Osteophytes 
2. Eburnation 
3. Porosity 
4. Lipping 
5. Sclerosis 

1. Osteophytes 
2. Porosity 
3. Eburnation 

1. Eburnation 
2. Porosity/ 

Osteophytes 
3. Synovial joints 

only/ 
Joint contour 
 

1. Osteophytes 
2. Eburnation 
3. Porosity 
4. Joint contour 
5. Joint surface 

1. Osteophytes/ 
Eburnation 

2. Porosity 
3. Joint surface 
 

1. Osteophytes/  
Eburnation 

2. Porosity 

1. Osteophytes/ 
Porosity 

2. Eburnation 
 

VO 1. Osteophytes 
 

N/A 1. Osteophytes 1. Osteophytes 1. Osteophytes 1. Osteophytes 1. Osteophytes 

DDD No description 1. Osteophytes 1. Osteophytes 
2. Porosity 
3. Eburnation 

 

1. Osteophytes No Description N/A N/A 

SNS 1. Herniation 
2. Debated 

 (trauma or 
loading) 

1. Herniation 
2. Loading 

1. Herniation 1. Trauma 
2. Loading/Congenital 

defect/ 
Degeneration 

3. Debated 
4. Herniation 

 

1. Trauma 
2. Herniation/ 

Debated/ 
Congenital 
defect 

1. Herniation/ 
Trauma/ 
Congenital 
defect/ Stress/ 
Debate 

N/A 
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Table 6.54. Different diagnostic criteria used for degenerative spinal joint diseases in different geographical regions. Traits are listed by importance, calculated by the number of studies for 
each region using that trait for disease identification (continued). 

 

DISH 1. Ossification 
2. Right sided/ 

ALL involvement 
3. Disc space 

preserved/ 
Enthesophytes 

1. Ossification 
2. Disc space 

preserved 
3. ALL 

involvement/ 
Enthesophytes/ 
Candle wax 
lesion/ 
Extra spinal 
manifestation 

1. Thoracic level/ 
Ossification/Right 
sided 

2. Enthesophytes/ 
Flowing/At least 
3 vertebrae/Extra 
spinal 
manifestation 

1. Ossification/ALL 
involvement 

2. Disc space 
preserved/At least 
4 vertebrae 

3. Facet joints 
preserved 

4. Extra spinal 
manifestation 

5. Flowing 
enthesophytes 
 

1. Candlewax 
lesion 

2. Ossification/ 
Right sided/ 
Extra spinal 
manifestation 

1. Facet joints 
preserved 

2. Costovertebral 
joints 
preserved/ 
Candlewax 
lesions 

1. Flowing/ 
Ossification/ ALL 
involved/ At 
least 4 
vertebrae/ Disc 
and facet joint 
spaces 
preserved/ Extra 
spinal 
manifestation 

AS 1. SI involvement/ 
Ankylosis 

2. Syndesmophyte/ 
Bamboo spine/ 
Facet joints fuse 

1. SI involvement/ 
Ankylosis/ 
Erosion/ 
Syndesmophyte 

1. SI involvement/ 
Ankylosis/ 
Syndesmophyte 

1. SI involvement/ 
Ossification/ 
Ankylosis/ 
Syndesmophyte 

 1. SI involvement/ 
Syndesmophyte/ 
Ankylosis/ No 
skip lesions/ 
Costovertebral 
fusion 

2. Bamboo spine/ 
Squared 
vertebrae 

1. SI involvement/ 
Ankylosis/ 
Erosions/ 
Enthesophytes 
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7. Discussion 
 

7.1 Discussion of questionnaire results 
 

When individuals described the ways in which they examined human vertebral remains there were 

clear themes within answers, reflecting similar processes of observation, recording, and disease 

identification. The need for detailed descriptions was also seen as important by many respondents 

and was repeated in answers throughout the survey. Such trends are positive as they suggest that 

individuals working in both academic and commercial sectors are undertaking the same analytical 

approaches. Detailed recording using appropriate terminology has been stated as being a necessity in 

palaeopathology to facilitate comparisons between research and to aid in understanding the 

diagnostic criteria being used (Roberts and Cox 2003, Buikstra 2017, Klaus 2017). This potentially 

shows that practitioners are keen to enable collaboration, as their workflow represents attempts at a 

standardised and thorough approach to disease analysis. 

Literature respondents used showed a high reliance on general palaeopathology textbooks which may 

be positive, as it shows individuals lean towards the same standardised texts, predominantly older 

editions. Older texts may provide descriptions that allow for reliable identification of diseases. 

However, some descriptions have changed in later editions. For example, in the most recent edition 

of Ortner (2019) edited by Buikstra, Waldron wrote the chapter pertaining to degenerative joint 

diseases. This brought the diagnosis of OA in Ortner (2019) in line with previous criteria set out by 

Waldron (2009) and cites more recent clinical literature. This may impact those relying on the older 

editions of the Ortner textbook published in the 1980’s which do not have input from the latest clinical 

literature. Similarly, very few individuals stated going onto “more specific literature” and only one 

individual stated they used clinical literature. This implies that while terminology and diagnostic 

criteria is standardised when describing some diseases, these standards are not necessarily in line with 

the latest clinical research. For example, with DISH there have been studies looking at criteria for the 

diagnosis of early DISH (Beyeler et al. 1990, Paja et al. 2010, Holton et al. 2011). Yet in palaeopathology 

the only change in diagnostic standards has been to say that three fused vertebrae may represent 

early DISH (Waldron 2009, Castells Navarro and Buckberry 2020).   

As pointed out in clinical research, it has been found that simple descriptions such as “four fused 

vertebrae” can lead to confusion and that descriptions should actually state “four contiguous vertebral 

bodies” or “three contiguous intervertebral spaces” (Oudkerk et al. 2017). This is something that is 

stated in palaeopathology sources (Ortner 2019) but is not something that was commonly mentioned 
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by participants in their answers to the questionnaire. However, participants did often state that they 

would consult with texts before attempting diagnosis, therefore, it is likely that whilst this was not 

part of their answers it is something they would encounter in their work. The terminology describing 

DISH in many palaeopathological texts comes from Resnick and Niwayama (1975). Additionally, when 

diagnosing AS many respondents stated “bamboo spine” was a common characteristic. It was ranked 

as joint second in importance as a diagnostic feature. In clinical literature, this term is used to refer to 

the scaffolding like appearance of dense ankylosing ossifications in comparison to the radiolucent 

areas of the vertebral body which have been eroded by the disease. Very few individuals within the 

questionnaire stated the use of radiography. However, the term can be used in palaeopathology in 

reference to the areas of vertical fusion, which would appear as radio-dense should the remains be x-

rayed. The use of clinical terminology in the skeletal diagnosis of DISH and AS suggests a possible 

avenue of collaborative research between clinicians and palaeopathologists. Further to this, 

palaeopathological diagnosis of AS may be simplified by using the broader categories of axial and 

peripheral spondyloarthopathy, as has been suggested in clinical literature (Rudwaleit, Landewé, et 

al. 2009, Rudwaleit et al. 2011). This method negates the need to provide differential diagnosis of the 

different spondyloarthropathies. This may make the identification of spondyloarthopathies in 

incomplete remains easier, as not all criteria for individual diagnosis may be present.  

The methods cited by participants determined answers generated for the later questions.  

Respondents who stated they used Rogers and Waldron’s methods for recording spinal joint disease 

were more likely to refer to the terminology and descriptions of joint diseases provided by Waldron 

in the later questions relating to how participants describe and identify the commonly observed 

diseases of osteoarthritis (OA), degenerative disc disease (DDD), Ankylosing spondylitis (AS), and 

diffuse idiopathic skeletal hyperostosis (DISH).  For example, joint contour changes in OA and  the 

manifestation of  “early DISH”  (Waldron,2009). Consequently, participants who cite similar references 

are more likely to use the same diagnostic criteria and terminology. Divisions mentioned within 

methodological questions, such as observing the vertebral body and facet joints separately, were also 

reflected in descriptions of disease processes. Those who described getting an overview of each 

vertebra and the spine went on to define disease features which affected the whole spine e.g., 

kyphosis in DISH. 

There was a certain repetition of terminology used by respondents. The use of “major” texts “easily 

found in osteo bibliographies” for recording and reporting spine pathology also reflects the way 

participants were more likely to talk about recording lesions in terms of presence or absence, before 

writing more details in “free text”. Respondents appeared keen to identify specific lesions (e.g., 
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osteophytes and pitting) before moving on to describe overall patterns and severity of changes. 

Commonalities in answers could also reflect how common certain diseases are, with diseases that are 

more readily encountered being easier to remember and define. OA the “dull commonplace” disease 

(Kellgren 1961) was uniformly described, as was DDD. Conditions such as DISH and AS are more 

complex and difficult to describe and the responses provided tended to rely on stand out terms such 

as “candle wax” and “bamboo spine”, without talking about further changes. Whilst this may be due 

to the question asking about “characteristic” of the disease, it shows quite a narrow focus on what 

lesions are “characteristic”. For example, there was comparatively less mention of the right sidedness 

of DISH and the involvement of the SI joint in AS which are highly indicative of these conditions in both 

palaeopathological and clinical literature (Waldron 2009, 2019, Sieper and Poddubnyy 2017, Ventades 

et al. 2018, Wojcik and Szulc 2018, Zacharia and Roy 2019). 

 

7.1.1 Discussion of analysis by experience 
 

The least experienced ERC group often highlighted a need for detail and often provided longer answers 

describing how they analysed vertebrae. The ESC and WEC groups provided shorter answers, often 

bullet pointing the specific traits they were look for in each disease. This trend was also seen when 

analysing by research experience, those with no research background stated the importance of detail, 

compared to the Vertebral Research (VR) group which focused on specific changes or diseases. It is 

theorised that, due to their backgrounds, the VR group have more knowledge of pathological lesions 

which could be indicative of different diseases and so focused on these. While the No Research (NR) 

group would be more likely to look for “abnormalities” and provide detailed description of these to 

help with identifying diseases. Those with less experience may feel the need to describe lesions more 

fully to make their observations more understandable or reproducible. Those with more experience 

may feel confident in their ability to succinctly describe lesions or are maybe more discerning in the 

types of lesions which they record.  

There were differences in the sources of methods participants were using based on experience. ERC 

respondents were more likely to use guidelines from employers, whilst the WEC group used methods 

based on published sources or of their own design. Sources methods were based on featured various 

publications by Rogers and Waldron across groups. Not every response included details as to which 

publications however, but the ESC and WEC groups mentioned Rogers and Waldron (1995). General 

texts, such as Waldron (2009), were the most mentioned sources in the ERC group. The textbook by 

Ortner (various editions, or no date stated) and BABAO (2004) were only mentioned in the ERC and 
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ESC group. These results suggest that those with more experience use a variety of sources, varying 

from general textbooks to more specific literature and professional standards. In contrast those with 

less experience solely rely on general texts and do not include more specific publications. 

Those with more experience were most likely to make changes to original sources. When analysed by 

career, this was only mentioned by WEC participants. One respondent in this group described how 

they had developed their methods “over the years”, which is something that ERC participants may 

simply not have had to the opportunity to do. However, the two ERC participants who fell into the 

vertebral research (VR) group did state having designed their own methods. The primary source of 

literature in the VR group was Rogers and Waldron (1995), with only one mention of general works 

(Waldron 2009, Ortner various publication dates or no date given). Experience in recording spinal 

conditions means the VR group potentially also have more experience with literature relating to these 

conditions. This leads them to cite more specialist works like Rogers and Waldron (1995) and specific 

publications relating to diseases such as DISH or OA (Waldron 1992, Rogers and Waldron 2001). 

Comparatively those with general or no research experience relied on textbooks such as Waldron 

(2009) or Ortner (multiple publication dates or no date given). 

When describing the surfaces respondents would observe on vertebra it was ESC and WEC groups 

who were more likely to examine areas “beyond the joints”. This trend was also seen when analysing 

by research experience. This would suggest that those with more practice have a broader range of 

surfaces they consider when identifying pathological lesions, whilst those with less experience focus 

on the more obvious joint surfaces. This is potentially because experienced practitioners have more 

knowledge of lesions outside of the main joint surfaces and how they may be able to help identify any 

disease or trauma present.  

The WEC and VR groups were the most stringent in their grading of the characteristics in ranking 

questions. There are some omissions in the responses to ranking questions, preventing a trait by trait 

analysis and some statistical testing within these groups. The WEC group were more likely to rank “all 

changes equally” for each disease. For OA, one individual also used the “other” category to state that 

after eburnation all traits are equal, re-emphasising the operational definition laid out by Waldron 

(2009). For DDD, only two WEC individuals provided grades for characteristics other than pitting and 

osteophytes. This could be a sign those with more experience are more selective in the lesions they 

consider diagnostic of DDD, potentially due to having more experience in observing this condition in 

skeletal remains. This suggests those with more experience did not believe certain traits to be of any 

diagnostic value. Given that all the traits listed in the questionnaire were chosen due to their being 

clinically relevant and found within methods identified in Chapter 4.6 (p168), this could be a 
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potentially worrying trend. Additionally, the traits listed are also those which can be found in “major” 

palaeopathology texts, such as those by Rogers and Waldron which experienced respondents stated 

they used to diagnose diseases. This might indicate that, despite using the same source materials and 

terminology, individuals are still diagnosing conditions based on their own experience.  

Those with less experience showed more statistical differences in the ranking of disease characteristics 

within their group. This is potentially due to the size of the ERC group, and that they ranked every 

trait, leaving no omissions. The ERC group consistently ranked “all changes equally” last and 

considered certain lesions statistically more indicative of disease than others. For example, the ERC 

participants ranked right sidedness of lesions in DISH first, which was statistically significant from the 

lesion ranked second, candlewax appearance. However, when analysed together the three groups 

showed no statistical difference in ranks applied to characteristics of DISH. There was also no 

difference when analysed by research experience. This suggests respondents generally agreed on the 

rankings of each trait, and there was no trait that was deemed significantly more characteristic of the 

condition.  

Ranks applied to the diseases reflected participants written answers. Those who stated an eburnation 

only diagnosis of OA ranked only that characteristic. For DDD, all groups ranked osteophytes and 

porosity as the most important in line with the use of Rogers and Waldron (1995) and Waldron (2009). 

Only the ERC group ranked SNS as important, and they were the only group who mentioned SNS in 

their descriptions of DDD. Those with more research experience in the VR group ranked pitting first. 

Comparatively those with less experience ranked osteophytes first, and their disease descriptions also 

emphasised these lesions. This is potentially important as the ranking of pitting before osteophytes 

matches the order in which these characteristics arise throughout the disease process. It is theorised 

that mechanical loading on the endplate may lead to damage and disruption of nutrients to the 

intervertebral disc, triggering disc degeneration (Kuisma et al. 2008, Fields et al. 2018). While 

osteophytes form later in the disease process to stabilise the intervertebral joint after loss of disc 

height (Adams 2009, Kasai et al. 2009, Hartley et al. 2021). This would show, that when thinking about 

diagnostic criteria for more commonly encountered diseases, those with more experience are 

potentially thinking about the clinical implications of lesions and their relation to disease processes. 

Written and ranked responses to questions on AS were more complex to analyse. The disease was 

variably described by all groups. This could be due to the individuals lacking experience with observing 

this disease in skeletal remains, as it is a rare condition within British skeletal remains (Roberts and 

Cox 2003). However, in the DISH answers, one respondent stated, “This isn’t a condition I have come 

across … but I’ll have a go!” and while their description spoke in general terms, it was still in line with 
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other answers. Therefore, it could be that AS is a disease which is less understood in British 

palaeopathology due its rarity. The lack of consensus when describing AS reflected the ranks applied 

to lesions. No inter-group differences were seen, but intra group analysis showed those with different 

experience levels considered different traits as the most diagnostic of AS. The ERC group were most 

likely to describe ligament ossification and ossification of the inter and supraspinous ligaments as the 

most important characteristic of AS. They also ranked bamboo spine a significantly less important and 

both ranked and described the importance of the lack of skip lesions. Those with experience 

considered bamboo spine to be the most important trait of AS and  lack of skip lesions as significantly 

less important. Ignoring these lesions may be a result of experience examining skeletal remains, those 

who have worked in palaeopathology longer may have found such lesions are not useful in their work. 

However, it could also represent the fact that individuals are relying too much on their own experience 

and not regularly incorporating new clinical information into their work.  This could also potentially 

relate to those with more experience relying on older texts for diagnostic criteria. Therefore, the 

inclusion of modern clinical literature pertaining to AS in palaeopathological work would help to create 

more uniform diagnostic criteria within the field. Lack of skip lesions in AS is a clinically significant 

feature of the disease relating to its progressive nature (Yu et al. 2021). This feature also helps to 

differentiate it from other spondyloarthropathies and has been described within published 

palaeopathological literature (Banton 2014, Duyar 2019, Tesi et al. 2019).  

 

7.1.2 Discussion of analysis by occupation 
 

Differences were seen in the observation and recording process based on occupation. The specialists 

and researchers were more likely to focus on the recording aspect of their work, whilst academics 

focused equally on observation and recording. Specialists and researchers may focus more on 

recording as it relates to their daily work in cataloguing remains and gathering data. In contrast, 

academics who teach palaeopathology would be equally interested in observation and recording as 

stages in the process of assessing remains. The specialist group mentioned their use of recording forms 

more than other respondents, again showing a focus on cataloguing remains. Imaging techniques 

were not highly mentioned, although across groups specialists only stated use of photography, whilst 

researchers and academics mentioned use of microscopy, radiography, and CT. Those in the specialist 

group potentially have less access to imaging machines for radiography and CT due to funding, but 

also may not have time for such examinations when trying to produce reports to a deadline.  
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The specialist group were more likely to state using their employer’s guidelines. This could also relate 

to the mindset of those in the specialist group who potentially work with forms more regularly and 

must complete work to a specified company standard. Researchers and academics stated using their 

own methods or those based on published literature. This flexibility in developing methods possibly 

links to the more exploratory approach to pathology by these individuals. For example, one researcher 

described the method they developed for identifying and classifying DISH. The method was based on 

published literature but was highly geared towards answering their research questions.  

Sources of the methods also matched these trends, the most mentioned source of a method for the 

specialist group were the BABAO guidelines (2004), followed by publications from Roberts and Rogers 

and Waldron (1995, 2001). The researcher group mentioned the generic textbook by Ortner most 

frequently, followed by the BABAO guidelines and more specific literature such as work by Jurmain, 

and further generic texts such as Waldron’s (2009) textbook. The academics were most variable in 

method sources, no publication being mentioned more than once. They were also the group with the 

most variation in literature they would cite for report writing, followed by the researcher group. The 

specialist group showed the least variation in sources of literature mainly listing different editions of 

generic palaeopathology texts by Ortner (2003), Roberts and Manchester (1995), Waldron (2009), and 

Aufderheide and Rodriguez (1998). Challenges with sourcing references within the specialist group 

may explain reliance on older or core texts in referencing. Individuals working commercially do not 

have academic affiliation and so may not be able to access more recent texts. However, the specialist 

group were the only ones to say they used “too many” references to list and one specialist did explicitly 

mention using the most recent 2019 version of Ortner’s textbook. Only one other respondent, an 

academic, mentioned using this version of the text. Overall, the most cited version of this text was the 

2003 edition, with one researcher citing the 1985 version.  

One interesting trend noted was the specialist group were the only ones to continually show 

significant differences in intra group rankings of diagnostic disease characteristics. This means these 

respondents showed greater agreement on what traits to look for to diagnose different diseases and 

saw certain traits as significantly more important. For example, eburnation was significantly the most 

important trait in diagnosing OA and candlewax appearance was the most diagnostic criteria in DISH. 

Also, in DISH extra spinal manifestations were significantly ranked as the least important diagnostic 

trait, which potentially links to their variable inclusion in participant responses to the open ended 

question, as well as their variable inclusion in palaeopathological diagnostic standards (Castells 

Navarro and Buckberry 2020). The only disease in which the specialist group did not show any 
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significant difference is with AS, which reflects the overall lack of consensus in the diagnostic features 

of this disease.  

 

7.1.3 Questionnaire limitations 
 

The main limiting factor to the statistical analyses for the questionnaire was the small sample size of 

the respondents. This was especially the case when analysing the answers of different groups, 

particularly those with more experience who did not rate every trait consistently making it hard to 

compare their ranked data. The small sample size was also a limitation in the qualitative analysis of 

responses. However, despite the sample size there were overall trends within the data, shown 

statistically and qualitatively, that potentially warrant further analysis through other, larger studies. 

 

7.2 Inter observer discussion 
 

The highest levels of agreement between observers were seen in the Sager (1969) criteria (method 3), 

followed by the grading criteria of Buikstra and Ubelaker (1994) (method 1), with the lowest levels of 

agreement seen using the diagnostic criteria for Buikstra and Ubelaker (1994) and Rogers and Waldron 

(1995) (method 2). The low level of agreement for this method is in line with the Rogers and Waldron’s 

own study on the interrater reliability of their method. Rogers and Waldron (1991) ascribe the low 

level of agreement to participants not knowing which joint surface they were observing. In the present 

study, all photos were labelled with the joint surface being shown and the guidelines had labelled 

diagrams of vertebrae to ensure all participants were familiar with vertebral anatomy and 

terminology. The consistently low levels of agreement when clear guidance was given on the 

anatomical features to be observed indicates that the low levels of agreement derive from another 

reason, not confusion regarding the joint surface to be recorded. An alternative explanation for the 

low levels of agreement may be that individuals have genuine difficulties assessing degeneration of 

the spine. It could be argued that this is due to diagnosis being done online via photographs, as the 

images do not provide the same level of detail and depth as analysis of the remains directly. Gillett 

(1991) tested the inter observer error of pelvic age estimation methods and found applying the upper 

phase levels based on photographic methods was unreliable. This suggests individuals have difficulty 

interpreting changes from images of remains. However, photos can be of use in assisting in diagnosis, 
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and high quality photos can be used to reconstruct remains using photogrammetry (Brickley 2018, 

Waltenberger et al. 2021).  

A limitation of the study was that, due to it being completed online, there was no control over the 

way in which participants recorded traits. This led to forms being completed in a variety of ways, with 

some individuals focusing on more readily observable traits such as osteophytes. This is illustrated by 

participant responses to specimen 5 (seen in Figure 7.16) where 94% of responses stated that DDD 

was present but only 76% said that OA was present on the facet joints.  

 
Low levels of agreement were also seen diagnosing osteoarthritis using method 1. However, there 

was perfect agreement when diagnosing specimens 3 and 8 (Figure 7.17). Specimen 3 was 

unanimously diagnosed as not having OA, whilst all participants diagnosed specimen 8 with OA. This 

level of agreement supports the idea that individuals found it easier to diagnose specimens with 

Figure 7.2. Left: postero-superior view of specimen 3, method 1. Right: postero-superior view of specimen 8, method. 
(Image by author) 1. 

Figure 7.1. Left: superior view of specimen 5, method 2. Right: postero-superior view of specimen 5, method 2. 
(Image by author) 
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obvious degenerative changes, as seen in specimen 8, and can also agree when a vertebra shows no 

degenerative changes, as in specimen 3.  

This was also seen in method 3. Five specimens (3, 5, 6, 10 and 11) showed Alpha agreement levels 

over 0.6, and two showed this agreement level when diagnosing the individual surfaces. For example, 

in specimen 10 (Figure 7.18), there were strong levels of agreement that the superior body and inferior 

facets had higher grades of degeneration, whilst the superior facets and inferior body had lower 

grades of degeneration.   

Low levels of agreement in methods 1 and 2 may also be due to difficulties visualising eburnation on 

the remains in the photos. One practitioner pointed out that due to handling, some of the vertebra 

showed areas of polishing, which mimicked eburnation. Some individuals may have confused these 

areas as eburnation and therefore graded changes as being higher. When looking at the overall 

agreement for characteristics, eburnation had weak levels of agreement, with eburnation extent 

having the lowest agreement of any trait. Both practitioners and students generally had good intra-

group agreement when they felt eburnation clearly was not present, with most individuals putting 

N/A where appropriate. There were instances where one group thought a vertebra had eburnation 

when the other did not. For example, the students rated specimen 1 as having eburnation. However, 

when groups rated a vertebra as having eburnation there were disagreements in the severity of the 

lesions. For example, the practitioners did not show agreement in grading specimens 8 and 9. In both 

these specimens eburnation density was graded as between N/A and grade 2 severity, while 

eburnation extent was graded between N/A and 3 in specimen 8 and N/A and 1 in specimen 9. 

Examples of the photos for these vertebrae are shown in Figure 7.19.  

Figure 7.3. Left: superior view of specimen 10, method 3. Right: inferior view of specimen 10, method 3. (Image by author) 
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These images illustrate that it is potentially difficult to identify and grade low levels of eburnation on 

joints. This would also have affected the diagnoses of OA in method 2, as it is a key diagnostic criterion. 

Where eburnation is not present, participants would have relied on the presence of other 

degenerative characteristics such as osteophytes and porosity. In method 1, these traits showed 

moderate and weak agreement respectively. This means diagnosis using method 2 criteria would have 

been potentially difficult, which was reflected in the Alpha values for OA and DDD, which showed no 

agreement for OA and minimal agreement for DDD. Indeed, when diagnosing OA only two specimens 

showed over 80% agreement, whilst the rest showed between 50-80%.  

It has been seen in previous research that analysis of pathology via photos affects the agreement 

amongst practitioners (Biehler-Gomez et al 2020). Biehler-Gomes et al. (2020) used Fleiss’ Kappa, a 

less stringent measure of interrater agreement. The study found rates of agreement between 

anthropologists describing lesions increased from 0.5488 to 0.6061 when observing skeletal remains, 

which they describe as an increase from “moderate” agreement to “substantial” agreement. However, 

agreement between forensic pathologists only increased from 0.2625 and 0.3353, which was 

consistently “fair” agreement. According to terminology use within this thesis, the levels of agreement 

would only be moderate for anthropologists and minimal for the pathologists. Also, the increase in 

agreement levels was not substantial in all areas. A greater change was seen in describing the 

character of the lesions, but descriptions of joint margins and new bone formation remained relatively 

constant (Biehler-Gomez 2020). This suggests that while computer assessment may have a negative 

effect on the levels of agreement between observers, it is still a valid method for assessing agreement 

in the first instance where in person analysis cannot be undertaken. This has implications for the 

Figure 7.4. Left: Posterior view of the left facet in specimen 8. Right: posterior view of the facets in specimen 9. 
(Image by author) 
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current study as it means that the agreement levels seen are potentially not much lower than they 

would if an in person visual assessment were conducted.  

Other intra and inter observer research has been carried out in bioarchaeology. Henson et al. (2020) 

investigated error rates between four observers on three skeletons when recording remains according 

to Buikstra and Ubelaker (1994). The study used observer who were all at undergraduate level with 

different “class, rank, and major”. All observers had undergone advanced osteology and forensic 

biology but only the primary observer had undertaken osteological research and human anatomy. As 

with the current thesis, Henson et al. (2020) found no significant inter observer error, however, the 

Kappa values for inter observer error varied between -0.34 to 0.23 showing low agreement. When 

considered in line with the terminology of this thesis the agreement is deemed minimal. The study not 

only found discrepancies when recording sex, age, and stature, but also difficulties in identifying 

pathology. Only the primary observer noted the presence of osteoarthritis, whilst other observers 

noted scoliosis. All observers failed to note metabolic bone disease and trauma present in the remains. 

This was deemed to be due to the inexperience of  the observers. This is similar to the present research 

where less experienced individuals were comfortable identifying conditions and lesions they had seen 

before (e.g., OA) but showed less inclination to describe observed lesions in terms of trauma or less 

familiar conditions (e.g., AS and DISH).  

A study  by Lynnerup et al. (2008) measuring the observer error of the Greulich and Pyle Atlas methods 

of age estimation found high levels of agreement between users of different experience levels. They 

ascribed this result to the use of explicit standards and images. This supports the idea that the Sager 

(1969) method was found to be the most reliable due to its straightforward descriptions and very clear 

images. Another study, which investigated the reliability of osteometric data, by Langley et al. (2018) 

found low agreement levels which were thought to result from the way observers interpreted 

definitions of joint landmarks. This study also found that levels of experience was not the key factor 

in observer agreement. Instead, it was found that the level of technical training in taking 

measurements was the most important factor. Similarly, research into entheseal changes by Davis et 

al. (2012) and Jorgensen  et al. (2020) theorised that difficulty understanding the criteria for grading 

changes impacted the observer agreement in their respective studies.  

The studies into entheseal changes by Davis et al. (2012) and Jorgensen et al. (2020) are relevant as, 

while they are not related to vertebral changes, entheses are observed and graded on a scale based 

on morphological changes. This is similar to methods used to identify and record OA in Sager (1969) 

and Buikstra and Ubelaker (1994). Both Davis et al. (2012) and Jorgensen (2020) found that entheses 

with the smoothest surface and clearest margins were the easiest to score, whilst those with more 
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robust morphology were the hardest to grade and showed the lowest observer agreement. This is 

similar to the current research, where joints without pathological changes showed the highest 

observer agreement when compared to those with more complex changes. It was also seen in the 

current study that clearly observable lesions such as osteophytes also showed higher agreement 

compared to lesions such as porosity and eburnation which are more diffuse across the joint surface. 

A key factor of the study by Jorgensen et al. (2020) was that they strived for observations to be taken 

under “optimal conditions” with the correct lighting and having both observers attend a workshop to 

ensure they were familiar with the method. Despite this, the study still found low agreement when 

analysing more complex features. This suggests that simple training to ensure familiarity with a 

method may not suffice. Further technical training and the development of methods with more 

explicit guidelines may be key in increasing observer reliability in future research.  

Across these studies the intra observer error was always higher than the inter observer error 

(Lynnerup et al. 2008, Davis et al. 2012, Langley et al. 2018, Henson et al. 2020, Jorgensen et al. 2020). 

This agrees with the current research, where all methods showed near perfect intra observer 

reliability. High intra observer reliability would suggest that observers are consistent in the way that 

they implement methods. However, when compared to inter observer error it does indicate that there 

is a systematic difference in the way observers are carrying out their analyses of skeletal remains. 

Across the literature analysed, and from the data generated in the present study, the significant 

variation in the way observers record skeletal lesions is a serious issue which may severely impact 

datasets compiled from the analyses of multiple researchers. This has ramifications not only for the 

comparison of data between studies, but also for data used within studies if multiple researchers are 

undertaking skeletal analysis.  

 

7.2.1 Limitations of the inter observer study 
 

This study did not address the differential diagnoses of diseases other than OA and DDD, nor did it 

address how individuals would define osteophytes, syndesmophytes, and enthesophytes. These 

definitions vary within clinical literature (van der Kraan and van der Berg 2007, Kasai 2009, Brower 

and Fleming 2012, Larner et al. 2021). Research into specific definitions for these terms is needed in 

both clinical and archaeological settings, to ensure accurate description and diagnosis of pathological 

lesions. Despite the current study not asking participants to differentiate between lesions, there was 

discussion of ankylosed specimens across all three methods. Participants discussed differential 

diagnosis of AS and DISH. This shows individuals were using their own judgement and experience 
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beyond the guidelines. However, this is potentially a limitation of the study as these specimens may 

have confused some respondents, making them unsure on how to grade traits given they were 

showing signs of diseases not being ranked on the recording forms. Further inter observer testing 

should encourage individuals to describe the lesions they observe, alongside the required diagnosis 

or severity grade. This would potentially allow for exploration of how individuals define lesions, 

alongside the inter observer testing of the methods being used.  

Fused specimens were included to explore how participants recorded ankylosed specimens in each 

method. For both method 1 and 3, there were strong levels of agreement in rankings for fused 

vertebral bodies, with lower levels of agreement for the facets ranging from N/A to 4 in both methods. 

This variability may be due to respondents assuming the facet joints must be fused if fusion is present 

along the margins of the vertebral bodies. However, some respondents put N/A for these surfaces as 

they could not establish traits from the images. When describing ankylosed specimens in method 2, 

the practitioners provided highly variable additional descriptions, not just stating the presence of AS 

or DISH, but also that there could be the presence of trauma, scoliosis, and Schmorl’s nodes. The 

students provided less detailed descriptions and focused on AS and DISH. Whilst the lack of all 

individuals stating that such lesions were present does not necessarily indicate that they did not 

observe such changes, it would suggest that some individuals were using their own experience beyond 

the guidelines. Interestingly, this also contradicts the questionnaire results, which found those with 

less experience were more likely to use detailed descriptions of lesions. In this study, lack of detail 

provided by the students could be due to not having knowledge of terminology to describe more 

complex lesions. In contrast, the practitioners with greater experience may feel more confident in 

identifying such detailed lesions.  

Low levels of agreement within methods could also be due in part to recording forms. The forms for 

methods 1 and 2 were created specifically for the study, as the Buikstra and Ubelaker (1994) forms 

were not the correct format for use in this context and the Rogers and Waldron (1995) method does 

not have an associated form. The form for the Sager (1969) method was the same as the one published 

in the thesis, but many individuals cited the use of Brothwell (1981) as their source for the Sager 

grading system and therefore may not be familiar with the form. This may mean the forms had an 

unfamiliar layout and participants were not sure how to complete them. It is also possible that the 

archaic use of “cranial” and “caudal” for the joint surfaces in method 3 could have impeded some 

respondents, although given that this method showed the highest level of agreement this is unlikely. 

What is potentially a more important contributing factor is the guidelines. The standards for Buikstra 

and Ubelaker (1994) do not have images of degenerative vertebral changes, so none were included 
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for this method. This could have exacerbated the difficulties participants had trying to grade traits as 

they had no comparisons. Rogers and Waldron (1995) contain some images of OA in the facet joints 

and DDD on the vertebral bodies, which were included in the guidelines. However, they are in black 

and white and not very clear in showing disease traits, especially eburnation. In contrast, Sager (1969) 

provides highly detailed descriptions for each grade, paired with schematic and photographic images 

for grades 0-3, with grade 4 (ankylosis) deemed easier to assess and so not including images. All visual 

aids and descriptions for Sager (1969) were included in the guidelines and may explain why 

participants had higher agreement for this method. The lack of guidance for grade 4 could also explain 

why participants had difficulties assessing the ankylosed specimens.  

Some individual specimens had high or perfect diagnostic agreement amongst the practitioners. 

However, there was no overall agreement when diagnosing lesions using method 1 and 2 (A=<0.2). 

The students had perfect agreement when diagnosing six specimens, whilst the practitioners only had 

perfect agreement on two specimens. This led the students to have weak diagnostic agreement 

(A=~0.4) and the practitioners to have no diagnostic agreement (A=~0.1). The student group may have 

relied more heavily on the guidelines and therefore followed them more closely, while the 

practitioners may have let their previous experience influence their opinions on diagnosis. Such 

experience may have led them to put weight on certain disease traits, which meant their opinion 

differed from other respondents. Only taking time to note specific changes could have led to low levels 

of agreement, particularly for method 2 where respondents only provided a “yes” or “no” answer and 

did not have to pay particular attention to grading the severity of individual joint changes. 

 

7.2.1.1 Negative Alpha values 

 

A limiting feature of this study was the small sample size. While there was enthusiasm from 

practitioners and academics for this research to be carried out, a low number of individuals agreed to 

take part in the study due to the time constraints of their occupation, as they stated in their response 

emails. The study itself did have awkward timing, being undertaken over a time normally reserved for 

exam marking. Initial emails were sent in mid-April 2021, with data collection on-going until June 2021. 

Low interest in the inter observer study could have been due to the length of time it would have taken 

to analyse the images accurately. However, it was stated in the recruitment email that the recording 

would “take no more than two hours and can be completed in several shorter sessions”. 

Accommodations were made for participants with busy schedules and follow up emails were sent 

where participants had requested them. Given the number of publications and guidelines calling for 
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greater standardisation of methods and testing of interrater reliability of methods across 

palaeopathology (Roberts and Cox 2003, Mariotti et al. 2004, Falys and Lewis 2011, Swales and 

Nystrom 2015, Grauer 2018, Yorke-Edwards 2019), it was disappointing to see such low numbers 

taking part. Clearly, in the future more work needs to be done to encourage the active participation 

of experienced individuals from academia and commercial archaeology in research  

The low sample size of the study means that skewness within the data is more readily apparent, 

particularly when one variable is being analysed. This led to the generation of negative Alpha values, 

primarily in the analysis of nominal “yes” or “no” diagnostic criteria in the Buikstra and Ubelaker (1994) 

and Rogers and Waldron (1995) methods. Krippendorff’s Alpha is a highly stringent chance adjusted 

index of categorical agreement. Consequently, the test measures the level of observed agreement and 

then adjusts the measure with how much agreement would be expected by chance or guessing. For 

the analysis of diagnosis answers of “yes” and “no” were binarized into “1” and “2” to enable 

calculation in RStudio (v1.3.1093). In calculations for the single nominal variable of diagnosis for 

individual specimens, the categories were so skewed, either towards 1 or 2 depending on the 

specimen, that the calculation assumed the chance of guessing the correct category was very high and 

adjusted the Alpha value to be negative. This is known as the “paradoxes of Alpha” and has been 

mathematically explored (Feng, 2015, Yarnold, 2016). A prime example is seen in the results for 

method 2 in the student inter observer study. Specimens 5, 6, and 7 in this group all had 83% and 

100% agreement for OA and DDD respectively but varied in whether it was percent agreement of “yes” 

(1) or “no” (2). Students agreed specimen 5 had no OA, but had DDD, and that specimen 6 had OA but 

no DDD. These specimens both had a moderate calculated agreement, A=0.663. Conversely, students 

agreed specimen 7 had no OA and no DDD, this signifies there is a gross skew towards “no” (2) in 

specimen 7. Given the binary nature of the nominal test, Krippendorff’s Alpha assumes agreement by 

chance or guessing is very high and punishes the level of agreement. Therefore, the Alpha value for 

specimen 7 was -0.073. Other specimens which had low or negative Alpha values did have genuinely 

low agreements even when looking at percent agreement. For example, in method 2, specimen 3 in 

the overall analysis, specimen 9 in the practitioners and specimen 4 in the student all showed 

approximately 50% agreement, which is no better than chance agreement. This again emphasises why 

Krippendorff’s Alpha was so harsh in its calculation.  

The phenomenon of negative Alpha values also occurred within some of the results analysing the 

individual categories within the Sager (1969) method. Generally, when the overall Alpha values were 

calculated for each specimen using the non-student and student data combined, the distribution of 

values throughout the observer’s answers allowed more reliable Alpha values to be generated. 
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However, due to the small sample size, skewness affected the calculation for some of the individual 

traits and specimens within the groups, and some of the traits in the combined data. Lower and 

negative Alpha values tended to occur for the Sager (1969) data when many answers were within one 

grade of each other. For example, specimen 4 was graded as either stage 0 or stage 1 for all traits by 

all observers and consistently had low or negative Alpha values across each of the inter observer 

conditions. Krippendorff’s Alpha clearly calculated that the agreement due to chance or guessing was 

high in this specimen and lowered the level of agreement. Interestingly, specimens which were rated 

as having higher levels of degeneration (grade 2 or above), such as in specimens 3, 5, and 11 generally 

had much higher levels of agreement – although they did have some negative Alpha values for 

individual traits. In addition, specimens which showed varying levels of degeneration on individual 

surfaces also had high levels of agreement. This was reflected in calculations testing agreement levels 

for grading cranial, caudal, and all facets and vertebral body surfaces where Alpha values where 

consistently above 0.4 and were moderate to strong (A=0.7-0.84) when grading the vertebral body.  

 

7.3 Discussion of trends 
 

The themes of research within theses and published literature were similar and could be grouped into 

those undertaking skeletal analysis for case studies or population comparisons and those whose 

analysis aimed at the development of new methods. These categories concur with those previously 

identified by Mays (1997, 2010) in studies categorising osteoarchaeology in the UK during the periods 

of 1991-1995 and 2000-2007 respectively. Mays (2010) found that the number of palaeopathological 

case studies decreased towards 2007. This agrees with the trend noted in the current research where 

the number of case studies dropped between 2006-2010 when compared to 2000-05. However, this 

study showed the number of case studies increased again from 2011. Another trend which is apparent 

in the current research and the studies by Mays (1997, 2010) is the discrepancy in study types between 

the UK and North America (although Mays (1997, 2010) only analysed papers from the USA). Both 

Mays (1997, 2010) and the current research found the UK published more instances of case studies 

and methodological research, compared to North America which predominantly published case 

studies.  

The current research differs from the work by Mays (1997, 2010) in that it focuses solely on 

palaeopathological work analysing the spine. The current research also analyses the trends in the 

literature by geographical regions, whilst Mays (1997, 2010) focused on the UK, USA, Japan, and 
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Germany, with further countries grouped as “other”. Whilst the current thesis and the research by 

Mays (1997, 2010) do differ in methodologies, it is interesting to see there is corroboration of broad 

categories and trends. Mays (2010) emphasises the need to move away from case study based 

publications towards greater levels of population analysis. Whilst Mays (2010) was hopeful that this 

would continue given the trends observed between 2000-07, the current research has shown that the 

number of population analyses have decreased between from 2011, as has the comparison between 

populations. The current inter observer study has highlighted the fact that methods utilised by 

practitioners may be reliable. It could be that if bioarchaeology as a field needs to move towards 

population analysis, that more research needs to be undertaken to ensure the reliability of methods 

so that the integrity of datasets recorded by multiple individuals is not compromised. As such as period 

where the number of population analyses decreases, and the number of case studies and 

methodological studies increases is required.  

When analysing literature across platforms, this thesis found primary method used within research 

across archaeological reports, theses, and published literature was full skeletal analysis and recording 

of pathological skeletal lesion on a presence or absence basis. Use of such methodology agrees with 

those described by respondents in answers to the questionnaire. This consistency across platforms 

suggests there should be easy comparability between data in these areas. However, the aims, data 

presentation, and disease identification and diagnosis showed variation within and between 

platforms. 

 

7.3.1 Changes in the use of standards 
 

There was an increase between 2000 to 2021 in the number of archaeological reports and published 

literature stating the use of standards. Across both platforms reference lists became more uniform 

and the primary citations were consistent with those referenced in theses. However, whilst the same 

standards are often cited within the literature analysed, it was common to state they were “adapted 

from” or “based on” other publications. This was also seen in archaeological reports and theses. This 

means that whilst there may be commonalities within methods, they are not explicitly following the 

same diagnostic criteria and therefore, results are not entirely comparable. Indeed, the theses 

analysed highlighted a need for better and more standardised approaches in recording joint diseases. 

There was a noted decrease in the use of Buikstra and Ubelaker (1994) in reports, whilst the use 

increased in published literature. Theses also did not favour the use of these standards. In their thesis, 
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Curtis-Summers (2015) found this recording system to be “time consuming and cumbersome” and that 

“many of the codes are not applicable to British skeletons given its design for use in America”. The 

BABAO guidelines also state “Buikstra and Ubelaker’s (1994) extensive and detailed recording system… 

is far too cumbersome and restrictive to be of practical use” (Brickley and McKinley 2004). However, 

these guidelines are contradictory as they proceed to state “Severity of changes of osteophytes, 

porosity and eburnation should focus on Buikstra and Ubelaker (1994)” (Brickley and McKinley 2004). 

Similarly, the original guidelines also state “For joint disease in vertebral bodies and apophyseal facets 

(porosity, osteophytes, and eburnation) the grading scheme of Sager (1969) should be used”, before 

stating that joint changes should not be “lumped” together. Such contradictions are not present in the 

latest guidance, as it now suggests focusing on methods and terminology proposed by Rogers and 

Waldron (1995) (Roberts 2018). However, the current study has shown there may be high levels of 

disagreement in the application of Rogers and Waldon (1995), with low interrater reliability and 

percentage agreement often approximately 50%. Similarly, there is no recommendation to use Sager 

(1969) in the latest BABAO guidelines, and the current research found Sager (1969) to have the highest 

levels of observer agreement.  

Disparities in the application of Buikstra and Ubelaker (1995) within archaeological reports, theses, 

and published literature could be due to the origin of the texts. Reports and theses were solely from 

the UK whilst published literature had a global scope. Given that one of the main aims of 

palaeopathology is to create a global timeline of diseases, having standards which are internationally 

accepted and used is key to this goal. As the original BABAO (2004) guidelines recommend the use of 

Buikstra and Ubelaker (1995) for severity of joint changes it is possible that comparisons may be drawn 

between studies and reports citing these methods. Whilst the summarised data (e.g., number of 

individuals with OA in population) of texts using these methods may not be entirely comparable, if 

raw recording data were available there could be scope for comparisons between individual traits. 

This could also be of importance if diagnostic criteria change over time, as studies could make 

comparisons between traits specific to their own research.  

Approaches applying different stratum to the diagnosis of joint diseases were seen within the 

literature. For example, Austin (2017) diagnosed OA by the presence of one or more characteristic 

lesions, whilst recording eburnation rates separately. Michael et al. (2017) recorded the presence and 

severity of all characteristic traits of OA before using Rogers and Waldron (1995) for diagnosis. 

Similarly, Watkins (2012) and Schrader (2012) also recorded the presence and severity of all 

characteristics before diagnosis of OA through only the presence of high severity lesions and 

eburnation respectively. Theses by Groves (2006) and Yorke Edwards (2019) recorded all traits of OA 
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so that the condition could be diagnosed by all diagnostic criteria or eburnation alone. Such methods 

demonstrate it is possible to apply different diagnostic criteria to the same data set. If in future 

research the recording of lesions was standardised, then these approaches could be taken to test not 

only how different diagnostic methods affect the prevalence rates of disease within populations, but 

also to allow comparisons with past studies and data sets. 

 

7.3.2 Changes in reporting of prevalence rates 
 

Within theses it has become standard to report TPR or both TPR and CPR of diseases. There was only 

one thesis after 2011 which reported disease solely based on CPR. This showed the active 

improvement of disease recording within academia by postgraduate researchers. Some significant 

variation was found when comparing reported prevalence rates in published literature by region. The 

UK was significantly more likely to fall into the N/A category due to the significant predominance of 

studies developing unique methodologies. However, it was found that there were no significant 

temporal variations in the reporting of disease prevalence rates in archaeology reports or published 

literature. This means there was no increase in reporting TPR and CPR despite this being highlighted 

as a problem within the literature (Roberts and Cox 2003). The BABAO (2018) guidelines also 

emphasise that data can only be presented in terms of individuals affected if the frequency according 

to the number of bones present is also presented. Failing to present the TPR may give false 

impressions of the frequency of the disease within a population. The level of preservation affects the 

sample size of the joint surfaces being analysed. This in turn has implications for how practitioners 

may compare their data to others, including considerations about sample bias and drawing 

conclusions from data sets which are too small.  

In archaeological reports, an increase was seen in the number not providing prevalence rates due to 

small sample sizes and preferring to provide detailed descriptions of individual skeleton. When 

considering lack of prevalence reporting, it is often due to the nature of excavations, with not all sites 

recovering large enough populations to warrant calculation of different rates. For example, smaller 

sites (usually analysed by freelance osteologists) often included burial contexts with single 

inhumations, or co-mingled remains with a low MNI. In comparison larger excavations (usually 

undertaken by archaeological companies) recovered remains from multiple burial contexts, or co-

mingled remains from large skeletal deposits with a high MNI. Such excavations were usually related 

to the excavation of cemeteries and church yards. However, it was noted the number of archaeological 

reports not stating any prevalence rate, even when MNI/n was high, declined from 2000 to present. 
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This coincided with an increase in reporting both CPR and TPR. Whilst this was not a significant 

increase, it is an important one which may be linked to the high levels of individuals using Roberts and 

Cox (2003). This text includes both CPR and TPR and encourages the use of both rates within 

archaeology to facilitate comparisons.  

In terms of prevalence rates, the production of a CPR should be the bare minimum. As noted by 

Roberts and Cox (2003), these values tell us very little about the levels of disease seen within 

populations. There needs to be a more evident shift towards presenting the TPR of diseases within a 

population. This would allow for more accurate comparisons between populations and potentially 

elucidate new trends in disease. There is also a potential precedent to be set for not just reporting 

prevalence by the number of elements (TPR) but also reporting by the number of joint surfaces 

analysed. Such an approach has been taken in academic research (Marquez-Grant 2006). Presenting 

data in this way would mean prevalence of disease in populations with poorly preserved remains 

would be more appropriately presented and would also potentially allow for more information to be 

gleaned from smaller populations, which are normally not epidemiologically relevant sample sizes. 

Work by Roberts and Cox (2003) has shown that by combining data from small samples, similar sites 

they can be made more comparable and statistically relevant. However, this then feeds back to 

challenges with incomplete data, and unstated standards and methods.  

 

7.3.3 Trends in data presentation 
 

Within archaeology reports there was a change in how data were presented. Earlier reports (2000-10) 

were more likely to list pathological conditions, either in a table or within the text (48%; n=48%). Later 

reports (2011-2020) were more likely to provide detailed descriptions of diseases, often making 

comparisons with other archaeological populations, citing Roberts and Cox (2003) or unpublished 

archaeological reports. However, reports from after 2016 had lower levels of pathology discussion 

(52%; n=13) than those from 2011-15 (69%; n=44). The nature of the reports may be influenced by 

external factors, particularly as the work is primarily developer funded  (Trow 2018, Aitchison 2019, 

Aitchison and Rocks-Macqueen 2020). This may impact on the remit of the analysis and the resources 

available for osteologists in archaeology companies, as well as those who freelance. 

As seen within the initial literature review of this thesis, the data presentation of theses and published 

literature was highly variable and related to the research approach. To date there has been no 

consistent work to develop an overarching publication format or move for the publication of detailed 
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osteological data (Roberts and Cox 2003). Recording data in similar formats is essential for 

comparisons to be made because if basic information is not recorded consistently then any inferences 

based on the data will be invalid (White 2007). It is also key that data be made available alongside 

reports and publications, as is increasingly becoming the norm for other areas of science. Within the 

UK, the ADS has been working to encourage archaeologists to upload databases for preservation. 

However, this is currently not the standard for all for all reports included on the site (Archaeology Data 

Service 2022). The Museum of London has the Wellcome Osteological Research Database, which 

includes multiple data sets and an extensive method statement and database manual (WORD 

database 2022). This states the database was designed to ensure users were prompted only for data 

that is relevant to record and ensure the structure remains comprehensible to system users and how 

individuals will interact with the data generated (Connell and Rauxlaugh 2022). Across the EU there 

has been the creation of ARIADNE by The European Association for Digital Humanities and 

SYNTHESYS+ which is more focused on virtual access to natural history and botanic gardens but is 

developing anthropological databases (Botanischer Garten und Botanisches Museum et al. 2022, 

European Associatation for Digital Humanities 2022). 

The development of databases for osteological data should not be used for the storage of just skeletal 

inventory data (White 2007). Databases should also include contextual information for the remains, 

methods used for collection, and information on data processing so that the inventory information 

can be fully understood. The absence of associated para-data within reports and collections has been 

addressed within the literature (Wylie 2017). The databases mentioned previously are working 

towards this. However, for reliable comparisons with past research it may mean that work needs to 

be carried out on older skeletal collections using updated standards. However, this may not be 

possible with all archaeological populations, as many remains are reburied after excavation. Adequate 

analysis in these circumstances is therefore of great importance but may be hindered by funding and 

lack time to carry out full skeletal analysis, as was noted in some skeletal reports where there was no 

time to clean remains and therefore some pathological lesions will have been missed. Based on the 

analysis in the current thesis, work should be attempted using databases of older osteological data 

(paired with associated information) to try and transform data, so they are comparable to modern 

data. Further to this, there is a current need for the implementation of standard recording procedures 

to facilitate ongoing comparisons between osteological data.  
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7.3.4 Development of novel methods 
 

There was development of novel methods to assess skeletal pathology within theses and published 

literature. The creation of methods using geometric morphometrics to assess bone changes has 

helped to quantify lesions such as SNS and how measuring the severity of lesions aids the 

understanding of individual variation (Plomp 2013). This contradicts Roberts (2018) who stated that 

“greater severity of bone changes does not correlate with worse symptoms” and that “presence or 

absence is a safer route to follow”. Additionally, methods designed to measure the stature, 

robustness, and disease levels within skeletal remains have provided new insights in how to compare 

complex concepts such as obesity and social status (Yorke-Edwards 2019). Such information when 

combined provides a new approach to comparing diseases when analysing the lifestyles of past 

populations. Work on specific pathological lesions has led to deeper understanding of conditions such 

as DISH, SNS, and the differentiation of the spondyloarthropathies within skeletal remains (McNaught 

2006a, 2006b, Craps 2015, Banton 2017, Castells Navarro 2018). An increase in the number of studies 

exploring new avenues of research was seen from 2000 to the present, which may be due to better 

availability of clinical data, different technologies for scanning bones, and greater recognition in the 

requirement for more robust methods to diagnose pathological lesions. 

 

7.3.5 Variations in references 
 

There was a greater proportion of published research, including clinical literature, being cited in 

published literature and theses when compared to archaeological reports. This is possibly because 

inclusion of clinical literature is more achievable in an academic setting, compared to a commercial 

one, due to university affiliations and access to inter-library loan systems. The inclusion of clinical 

papers was more apparent in research on AS and DISH. These papers and theses had the most similar 

references, often including Resnick and Niwayama (1976), Rogers et al. (1987, 1997), Rogers and 

Waldron (2001), Ortner (2003), and Jankauskas et al. (2003). The reliance on a small number of 

published papers and general literature would suggest a paucity of published population or case 

studies regarding DISH and AS within palaeopathology, which could mean this is an area open to study. 

Indeed, the thesis and publication by Castells-Navarro (Castells Navarro 2018, Castells Navarro and 

Buckberry 2020) highlighted issues with diagnostic criteria within the literature, further supporting 

the need for more research in this area within palaeopathology.   
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The inclusion of clinical literature into palaeopathological work, particularly with descriptive 

terminology, has been recommended in the latest BABAO guidelines and in previous palaeopathology 

texts (Roberts and Manchester 2005, Roberts 2018). The inclusion of clinical literature in 

palaeopathology is of importance as it provides a greater understanding of disease process and can 

inform the inferences made about lesions. As seen in the initial literature review of this thesis (Chapter 

3, p45-130), there is some scope for comparisons between scoring methods for degenerative spinal 

joint diseases in clinical and archaeological settings. Indeed, clinical literature can influence the 

research focus within archaeology. For example, in terms of citations for SNS, published 

palaeopathology papers post 2011 always referenced Faccia and Williams (2008), and Dar et al. (2009, 

2010) when discussing the lesions. These reviews provide a bioarchaeological perspective of SNS 

aetiology, but also incorporate modern clinical literature. Their increasing inclusion of these reviews 

in publications reflected the increasing discussion of SNS within the published literature. It could be 

that these reviews have sparked an interest in the lesions, as they provide an easy to follow discussion 

of aetiology and diagnostic criteria, with input from clinical sources. Further review papers, general 

texts, and those comparing diseases (i.e., Rogers et al (1987)) are the prevalent citations across 

published literature and archaeology reports. These texts provide information on a variety of 

disorders, integrating clinical and archaeological perspectives. Interest in SNS also extends into theses 

and methodological studies which have explored their aetiology and relation to back pain. Again, these 

primarily occurred after the publication of Faccia and Williams (2008). This is an area of research which 

could bridge academia and commercial archaeology, given that archaeological reports saw the highest 

discussion of SNS.  

Incorporation of clinical methods and terminology in archaeological work is not necessarily 

straightforward. Over reliance on clinical literature within palaeopathology has been cautioned 

against (Mays 2012). As highlighted within Chapter 3, diagnosis within clinical literature relies on 

communication with patients, and physical and serological examinations. Further to this, when 

diagnosing different spinal joint diseases, characteristics such as soft tissue inflammation, joint space 

narrowing, and cyst formation are also utilised in a clinical setting. Such lesions are not visible via 

macroscopic skeletal analysis. Additionally, subtle bone changes seen in skeletal analysis are not used 

in clinical diagnosis as they cannot be seen in imaging. Limitations to the inclusion of clinical literature 

in palaeopathology also relate to terminology. There have been noted disparities between 

terminology used in palaeopathology and clinical literature, as well as within the clinical literature 

itself (Lawan 2020, Kjellstrom 2021). Such differences have been particularly noted in definitions of 

endplate changes and the nomenclature for ossifications within the spine. Therefore, while 
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terminology in palaeopathology may be increasingly similar, it needs to be ensured that definitions of 

terms are consistent and have a more clinical basis. In some instances, this will require more clinical 

research to be undertaken to better define pathological lesions.  

There was a disparity in the number of unpublished archaeology reports being citied with published 

literature and theses. The theses analysed variably incorporated work by archaeologists into their 

studies, particularly those more traditional research projects looking at demographics of skeletal 

populations. The inclusion of archaeological work in theses and literature is important, as it provides 

context for the remains being assessed and the basis for bioarchaeological comparisons which draw 

on the history of an area or population. Additionally, there were geographic differences in the use of 

unpublished theses as references within published literature. The inclusion of theses was primarily 

seen in literature from the UK (n=2) or international research with authors from the UK (n=2), which 

also used unpublished archaeology reports. Only one report with no authors affiliated with UK 

institutions used unpublished archaeology reports. This publication was a collaboration between 

researchers from the USA and Canada. This may suggest differences in the way information transfers 

from commercial work to academia. This is possibly an area where collaboration and access to data 

could be improved. Within the UK, the ADS allows for open access to unpublished archaeological work, 

whilst The European Association for Digital Humanities created ARIADNE for open access to European 

archaeological work (Archaeology Data Service 2022, European Associatation for Digital Humanities 

2022). Academics conducting research could (and should) be encouraged to use reports and data from 

these sites to build larger collections of data for study. However, there could still be challenges when 

amalgamating data due to the variable nature of archaeology reports and the level of detail provided 

on pathological lesions. This could be an area for collaboration where methods are developed across 

commercial and academic fields maximise the applicability of methods and the data they generate. 

 

7.3.5.1 Time for new editions 

 

From analysing references within the archaeological reports, there is evidence it takes time for newer 

editions of commonly cited textbooks to enter circulation. For example, the publications by Roberts 

and Manchester (2005) and Ortner (2003) both took four years from the date of publication to receive 

their first citation within the analysed reports, whilst Waldron (2009) took three years and only 

appears in reports from 2011 onwards. In contrast, the book “Health and Disease in Britain” by Roberts 

and Cox (2003) was cited one year after publication and from 2006 onwards was consistently amongst 

the most cited works in archaeological reports. The BABAO (2004) standards were cited from their 
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date of publication onwards, quickly becoming amongst the most cited texts. The fact these standards 

were found in 68% of all reports published after 2016 would suggest that archaeology as a field has 

worked to develop and implement generalised standards which can be used in a range of 

archaeological contexts. It also suggests there are financial reasons for the uptake and inclusion of 

new references within commercial archaeology. Roberts and Cox (2003) was a relatively cheap text 

even when first published, and widely available from book stores (Swales, Pers. Comms.), while BABAO 

(2004) was free online and easily downloadable.  

Roberts and Cox (2003) was a unique text when released in that it not only provided diagnostic 

descriptions for practitioners (as in other texts), but it also included detailed tables of diseases 

throughout the UK from the palaeolithic to modern day. The book represents the amalgamation of 

data from multiple archaeological sites and provides clearly presented data for practitioners to make 

comparisons against in their own work. In contrast, new editions of texts by Roberts and Manchester 

(2010) and Ortner (2019) do not offer the same provision of accessible comparative data and have a 

lower cost to benefits ratio making practitioners disinclined to purchase newer additions. Indeed, the 

earliest versions of the texts (Roberts and Manchester 1995, Ortner and Putschar 1981) are still in use 

in reports. Similarly, texts which are no longer in print such as Brothwell (1981) and Rogers and 

Waldron (1995) are still cited in reports up to 2020.  

When comparing the emergence of new references in archaeology reports to those in published 

literature a similar time frame in the uptake of new editions was seen. For example, Ortner (2003) was 

first cited within the literature after three years and then proceeds to be the most cited version of the 

text. However, unlike archaeology reports it only took one year for Waldron (2009) to be cited within 

the literature. The textbook then became the most cited publication by Waldron, compared to 

archaeology reports where Waldron’s most cited text was still Rogers and Waldron (1995). This trend 

may be  related to published literatures continued reliance on the texts by Rogers and Waldron 

(Rogers et al. 1981, 1987, Waldron 1991a, 2009, Rogers and Waldron 1995, 2001). These authors are 

cited in 41-71% of papers compared to between 34-52% of archaeology reports depending on the 

time frame analysed. However, it could also be due to the greater availability of texts in academic 

settings. Although, this may not be the case as, like archaeological reports, the older versions of 

generic texts such as Ortner (1981) are still cited in recent literature. 
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7.3.6 Descriptive terminology of diseases 
 

The terminology used to describe degenerative spinal joint diseases varied between archaeology 

reports, theses, and published literature. For example, whilst osteophytes, porosity, and eburnation 

were the most common traits related to OA, thesis authors were more likely to describe as a condition 

of the synovial joints only. Additionally, they included other diagnostic criteria such as joint contour 

alterations and cyst formation. Comparatively, archaeology reports and published literature used 

Waldron’s (2009) operational definition of OA to diagnose its presence. Only a small number of 

individuals across platforms only diagnosed OA by the presence of eburnation. It was noted in the 

questionnaire and three archaeology reports (2015, 2018, 2019) where eburnation is identified as the 

only pathognomonic feature of OA that the source for the recording method is from the thesis by 

Craps (2015), with one report based on personal communication. This method was also seen in two 

publications, but these did not reference the thesis (Plomp and Boylston 2016, Khudaverdyan et al. 

2019). This would suggest some uptake of academic research in commercial work, and potentially 

published literature. 

The inclusion of information and methods from theses, such as Craps (2015)  is important, as they 

bring up to date clinical perspectives into bioarchaeological diagnosis. Indeed, previous clinical 

research by Sager (1969) was published in Brothwell (1981) and remains a key contribution to methods 

for identifying and recording OA and DDD in skeletal remains. Whilst the clinical information from 

Sager (1969) is possibly outdated, its continued use does show how academic research can have a 

lasting effect. In a wider archaeological context, the review of age estimation techniques in Buckberry 

and Chamberlain (2009) was based on Master’s research by the primary author. This further supports 

the idea that academic research provides a key contribution when developing methods for skeletal 

analysis. However, as was seen from the implementation of diagnostic criteria from Craps (2015), 

methods and suggestions from research are not always readily applied. This may relate to difficulties 

accessing publications associated with research due to pay walls, and that PhD theses represent large 

bodies of work which may not necessarily be accessible given the density of information. 

Differences were noted in terminology relating to osteophytes. Some studies used this term 

interchangeably with lipping, whilst others saw lipping as a separate diagnostic criterion for OA or DJD. 

Possibly, those who view the terminology as interchangeable are referring explicitly to marginal 

osteophytes in both instances. Such osteophytes grow horizontally from the joint margin and may 

appear as a “lip” on the joint (Lovell 1994, Hunt and Albanese 2005, Novak and Šlaus 2011, Inskip 

2013, Williamson 2015, Eng 2016, Khudaverdyan and Babayan 2018). Literature which views them as 
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independent terms may refer to osteophytes as individual growths on the margin or joint surface, 

whilst considering “lipping” as something akin to joint contour (Rojas-Sepúlveda et al. 2008, Eshed et 

al. 2010, Becker 2016, Tesi et al. 2019, Alves-Cardoso and Assis 2021, De Cataldo et al. 2021). Such an 

approach possibly corresponds to use of Buikstra and Ubelaker (1994), which differentiates surface 

osteophytes from marginal lipping. However, as one respondent in the inter observer study pointed 

out, this wording is inconsistent, and the terms surface osteophytes and marginal osteophytes should 

be used to ensure clear distinction.  

Another trend noted was a recent increase in the use of the term “degenerative joint disease” within 

the archaeological literature to describe changes whilst the use of VO (or “marginal osteophytes”) 

decreased. This possibly relates to the move towards describing and discussing lesions, where 

osteophytes are now mentioned in conjunction with other changes as part of a disease process. 

However, DJD has also been used consistently by some individuals as an umbrella term for 

degenerative changes in the vertebrae. The marked change has been that degeneration of the 

vertebral bodies is now increasingly described separately from changes to the facet joints. This is 

important as it shows practitioners are recognising the difference in the disease process of facet joint 

OA and the degeneration of the IVD. Within the published literature the use of DJD and VO remained 

constant. However, there was usually distinction between facet changes and changes to the vertebral 

body. Interestingly, the UK was the only region in which OA and DJD were not terms used 

interchangeably to describe spinal joint changes. This may be due to the UK being the only region 

consistently describing OA as a disease of the synovial joints. This in turn possibly relates to the use of 

Rogers and Waldron (1995) which stated, “OA affects only synovial joints” and divides degeneration 

clearly into that of the vertebrae into OA of the facet joints and DDD of the vertebral body.  

The interchangeable use of osteophytes and lipping, as well as the variable inclusion of joint surface 

and joint contour changes for diagnosis of OA and DJD seen within the published literature suggests 

work needs to be undertaken at an international level to standardise terminology. This is supported 

by the conclusions of Biehler-Gomez (2020) who found that when comparing analysis of the same 

bones (in person and through photos) practitioners used different terminology to describe lesions. 

The use of visual recording methods, such as 2D images, may be able to overcome problems with 

terminology. Photographs provide a useful method of capturing pathological lesions and  the latest 

BABAO guidelines state that use of imaging provides an important non-contact and non-destructive 

mechanism for recording human remains (Smith et al. 2019). It could be argued that because the level 

of inter observer agreement seen when analysing remains via photographs in the current study and 

Biehler-Gomez (2020) was relatively low, images do not provide a sufficient substitute for macroscopic 
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analysis. However, these studies suggest that 2D images may be a viable option for analysis of human 

remains, provided they are of high enough quality. Photographs have already been highlighted as 

being important aids to researchers when reconsidering the identification and diagnosis of lesions 

(Roberts 2018). Additionally, 2D images can be used to create robust 3D models of remains using 

photogrammetry (Fau et al. 2016, Novotny 2019). Therefore, the use of photography is possibly of 

great importance in circumstances where remains are scheduled for reburial as they provide the 

possibility of 3D recreation for analysis later. Such images could provide excellent research 

opportunities if included in osteological databases. 

The diagnosis of DISH and AS were more variable across the three platforms analysed. Theses showed 

the most consistent diagnostic criteria in DISH. However, descriptions of AS within this group were 

sparse and inconsistent. In archaeology reports and published literature, the descriptions and 

diagnostic criteria for both DISH and AS varied temporally. Research linking clinical literature to 

palaeopathological research has been undertaken for DISH (Merwe et al. 2012, Smith et al. 2013, 

Castells Navarro and Buckberry 2020). Such research has coincided with an increase in detailed 

descriptions of DISH and a convergence in the main diagnostic criteria, as seen in the current study 

across archaeology reports and published studies. However, across all forms of literature there were 

differences in the number of vertebrae which needed to be fused to diagnose DISH, varying from two 

to four. The terminology used to describe this fusion within the literature was also potentially 

problematic. As found in the clinical research by Oudkerk et al. (2017) the description of what 

constituted “four contiguous vertebrae” was found to be confusing and lessened inter observer 

agreement. Their solution of describing fusion of DISH as “at least four contiguous vertebrae, or 

alternatively, three contiguous disc levels are bridged” would potentially solve any misunderstandings 

and allow individuals to apply methods more consistently. The level of agreement in descriptions of 

AS have also improved over time. However, not to the same extent as descriptions of DISH and there 

are still discrepancies in the way individuals identify and diagnose the conditions. This could relate to 

the lack of research on AS in palaeopathology and correlates with the diverse descriptions given for 

AS in questionnaire. The lack of research may be due to the low number of skeletons in the skeletal 

record exhibiting this condition (Roberts and Cox 2003), although given the conditions potential to 

occur concomitantly with DISH and as a differential diagnosis for DISH there should be more research 

into the skeletal manifestations of this condition (Sarzi-Puttini and Atzeni 2004, Jordana et al. 2009, 

Olivieri et al. 2009, Cawley and Paine 2015, Mader et al. 2020). 
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7.3.7 Limitations in the literature trend analysis 
 

Within the current research, there was a bias towards the inclusion of journals such as The 

International Journal of Palaeopathology, The American Journal of Physical Anthropology and The 

International Journal of Osteoarchaeology. This was due to accessibility within the institution of the 

University of Dundee. Journals such as HOMO were not available as full texts and so were excluded 

from this study. The paywall barrier has been a consistent theme in this research, being highlighted 

by questionnaire respondents as a hindrance. Similarly, when comparing literature from SEA to the 

initial literature review, it was noted there was a lack of research and reporting of spinal fusion relating 

to the ossification of the posterior longitudinal ligaments. Within clinical literature from Japan this is 

seen as a highly prevalent condition within the modern population, with some genetic links having 

been identified (Ikegawa 2014, Hirai et al. 2018, 2020, Xiao et al. 2018, Fujimori 2020, Katsumi et al. 

2021). However, archaeological studies explored here focus on OA, with only one study exploring OPLL 

fusion in past SEA populations (Hukuda et al. 2000). High prevalence in modern populations, with 

some evidence in past populations would suggest this is a potential gap for further research in the 

palaeopathology of SEA. Such a gap may not be readily apparent to practitioners who do not have full 

access to clinical literature. 

Access to literature may be seen as limiting factor in the use of published literature in all settings, with 

particular emphasis on difficulties for commercial specialists without academic affiliations. This barrier 

limits the spread of new information within the field, as evidenced by the older references prevalent 

within archaeology reports and a reliance on more general texts as primary sources. This is especially 

true for the inclusion of clinical literature, as changes in diagnostic criteria only seem to be updated 

through review articles published in palaeopathological journals, doctoral research, and word of 

mouth. There is a need for better accessibility of information within all areas of science, and 

archaeology is no exception. Whilst commercial reports are freely available through the ADS, there is 

still a divide between academia and commercial work within archaeology. This will need to be bridged 

for the field to move forward, strengthening the knowledge exchange from academia to the 

commercial sector.  
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7.4 Final discussion 
 

The aims of the three studies within this thesis are re-stated in Table 9.1. 

 

Table 7.1. The aims of the studies in this thesis. 

Study Aims 

Questionnaire • To establish the methods that practitioners are using to record 

degenerative spinal diseases 

• To establish the current diagnostic criteria for degenerative spinal 

diseases used by practitioners 

• To see if there were any differences in the methods employed by those 

with different levels of experience 

 
Inter observer • To establish the inter and intra observer error rates of the three most 

common methods for identifying and recording degenerative spinal 

diseases  

• To assess if there are differences in interobserver concordance related 
to levels of experience when using the three methods.  

Trend analysis • To establish which diseases were commonly encountered and researched 

• To establish the terminology used to describe lesions  

• To see if methods and terminology used to identify and describe lesions 

varied temporally or geographically 

 
 

In each of the three studies the aims were met, and the null hypotheses could be rejected. The 

questionnaire found differences in the methods practitioners used to record and identify degenerative 

spinal joint diseases and trends in the terminology used to describe conditions. Variations were found 

in the criteria individuals used to diagnose diseases, particularly in the conditions DISH and AS, and 

those with less experience tended to be more detailed in their responses. Differences were mainly 

seen when analysing responses by occupation, with commercial archaeologists showing greater 

agreement in their responses than academics and researchers. The inter observer study found 

disparities in the reliability of three commonly used methods between practitioners and students. 

There was low agreement seen in all three methods, with the Sager (1969) method showing the 

highest level of reliability. Conversely to the questionnaire, the practitioners provided more detailed 
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qualification of their diagnoses when using the method proposed by Rogers and Waldron (1995). 

Potentially a result of using their experience in diagnosing diseases outside of those covered in the 

study. Finally, the analysis of archaeological and academic sources found variations in methods and 

terminology employed by individuals of different backgrounds and how these varied temporally and 

geographically. Whilst it was seen temporally that there was a convergence in the sources that 

individuals were using across archaeological reports and published literature, it was noted that the 

methods used within the UK were at odds with those utilised globally. This divide has important 

implications for the comparability of UK research with international studies and should be addressed 

in future research. 

A key source of diagnostic criteria was Rogers and Waldron (1995). This was cited numerous times by 

questionnaire respondents and was prevalent in theses, archaeological reports, and published 

literature, alongside other publications by these authors. It was anticipated that diagnosis according 

to Rogers and Waldron (1995) would be quite high. However, reliability testing showed low levels of 

agreement. This reflects trends observed in the variable inclusion of the diagnostic criteria from 

Rogers and Waldron (1995) and Waldron (2009) when describing OA and DDD across all literature 

platforms. These results may suggest diagnosis on a presence or absence basis may be just as 

subjective as methods which use ordinal scales. It also suggests that whilst individuals may be utilising 

the same standards, it does not mean they are applying the criteria in the same way. This was reflected 

in the disease descriptions and ranking of disease characteristics in both the questionnaire and 

literature trend analysis. Discrepancies may suggest that individuals rely more on their own experience 

than provided guidelines, which could hinder the implementation of standardised recording methods. 

The inter observer study found students were more likely to write descriptive answers of osteophytic 

and porotic lesions for the Rogers and Waldron (1995) method. This is in line with the methods more 

descriptive approach to diagnosis. This can be linked with results from the questionnaire, where 

individuals with less experience were more likely to emphasise a need for detail in describing lesions. 

However, practitioners were more likely include additional diseases for differential diagnosis when 

describing ankylosed specimens across all methods. Which suggests the level of detail  used to 

describe lesions does vary with experience level, and that those with more knowledge in 

palaeopathology  may be able to draw additional conclusions when analysing remains. 

Agreement levels for the traits of Buikstra and Ubelaker (1994) were variable. The highest levels of 

agreement were for diagnosing the presence of osteophytes on the vertebral body and porosity of the 

facet joints. This result reflects responses to the questionnaire and the disease criteria identified in 

the literature trend analysis. These studies both saw a reliance on osteophytes and porosity to 
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diagnose OA and DDD. It could be that practitioners have found, through experience, that these traits 

are the easiest and most reliable to identify, as compared to others listed in the method. For example, 

peri-articular resorptive foci showed the lowest levels of agreement and are not something that was 

mentioned at all in questionnaire responses. This terminology is specific to Buikstra and Ubelaker 

(1994). The literature analysis found a drop in the usage of Buikstra and Ubelaker (1994) in the 

archaeological literature between 2000 and present, which could also explain why archaeological 

practitioners showed less reliability implementing this method. However, Buikstra and Ubelaker 

(1994) were still referenced in the questionnaire and within theses and international research. This 

may mean going forward there are challenges when comparing results between theses, published 

literature, and archaeological reports due to diverging use of standard methodologies. 

The student group showed much more consistent agreement using the Buikstra and Ubelaker (1994) 

method. Their grading of the traits was slightly lower, but they did show a marked increase in their 

diagnostic agreement. This difference could be due to the trend in decreased use of this method by 

archaeological practitioners noted in the literature trend analysis. Students at the University of 

Dundee, whilst not explicitly taught this method, are referred to it during their studies (Dr Helen 

Langstaff, Pers. Comm.). However, the reduced variability in responses could also be due to their lower 

experience level meaning they are less likely to consider other possibilities. The agreement for Buikstra 

and Ubelaker (1994) was highest in students and practitioners when there were no signs of 

degeneration, or highly obvious lesions. Whilst this trend could be due to the use of photographs, it 

could also be down to hesitancy when applying grades to more transitional lesions. This would suggest 

any future methods developed to grade severity of joint diseases require grades which are defined 

clearly as possible. 

The grading of degeneration using Sager (1969) were found to be above the acceptability level of K=0.6 

for both students and practitioners. This is potentially due to the level of detail in the guidelines, which 

define each grade and present clear photographs and schematics throughout. However, the literature 

trend analysis showed that when applied, there may be a miscommunication or misunderstanding 

about the specifics of the Sager (1969) method. For example, in Watkins (2012), when comparing data 

from osteologists using different methods to score OA (Sager (1969) quoted from Brothwell (1981) 

and Rogers and Waldron (1995), the author discounted any joints scored grade II or below in the Sager 

(1969) method as osteophytes alone do not constitute OA according to the Rogers and Waldron (1995) 

method. While this is true in terms of the operational definition developed by Rogers and Waldron 

(1995), this shows a misunderstanding of the Sager (1969)/Brothwell (1981) method which uses the 

level of osteophytes and porosity in grades I and II, before including eburnation at grade III.  
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Sager (1969) outlines different aspects of OA and DDD which seem to be forgotten in modern usage. 

Given that there are only five copies of the thesis in the UK it is highly unlikely many individuals have 

read the original text. This includes grading the uncovertebral joints of the cervical vertebrae to 

measure degeneration. In the clinical literature this has recently been examined (Mun et al. 2019) but 

is not mentioned in the archaeological and palaeopathological literature. This could be an important 

area of future research, as the clinical literature suggests degeneration at these joints is highly 

correlated with cervical neural foraminal stenosis, leading to pain, numbness, and motor issues with 

the upper limbs (Shedid and Benzel 2007, Yarbrough et al. 2012). This has implications for research 

into the bioarchaeology of care and disability and could provide greater information about the 

difficulties individuals in past populations faced. Another issue with the use of Sager (1969) in 

palaeopathology is that it was developed by researching OA and DDD of the cervical vertebrae only. 

This means it may not be accurate when applied to other levels of the spine due to biomechanical 

considerations in these areas which may alter degeneration rates. Research is needed to see if Sager 

(1969) is applicable to all levels of the spine.  

Analysis of references in the literature trend analysis has shown a standardisation in the bibliographies 

of reports, with a greater reliance on core texts. References cited after 2016 show much higher levels 

of uniformity. An increase was seen in the use of general texts (Ortner 2003, Rogers 2009). This could 

represent individuals seeking common texts to ensure the use of appropriate terminology, as some of 

the questionnaire respondents stated doing before recording pathological lesions. It could also be 

those individuals, as they progress through their career, are influencing younger practitioners and 

shaping the field to use methods and texts they believe to be the “gold standard”. However, it has 

been stated previously that in forensic anthropology, practitioners often only use methods they 

learned during academic training, or their own methods, thus exhibiting a lack of ongoing training that 

provides updated concepts (Buckberry 2015). This may also be the case here, Chapter 4.6 (p168) 

showed that many archaeology reports used their own methods, and in questionnaire responses 

those with the longest experience were most likely to say they used their own methods. When 

comparing citations in archaeology reports, individuals were consistent in citing the same texts, 

regardless of how old the texts were. Very few individuals updated the citations in their reports to 

include the latest versions of texts or include new methods or updated clinical information. This is a 

key point to understand when making comparisons between studies and when trying to include 

clinical literature into bioarchaeological reports. 

Descriptions for diseases which were seen less prevalently in populations were highly variable in the 

questionnaire and the literature trend analysis. However, the descriptions of DISH within published 
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literature and archaeology reports did became more detailed over time, possibly due to better 

understanding of this condition within palaeopathology. This may be in part due to the number of 

theses published between 2000-2020 looking at this disease in skeletal remains. The least described 

disease within the archaeological reports was AS, matching its rarity within archaeological remains 

(Roberts and Cox 2003). Questionnaire descriptions of AS tended to lack detail, with inconsistent 

inclusion of diagnostic criteria. However, the literature trend analysis found slight improvements in 

consistency of diagnostic criteria and descriptions between 2000 and present. It could be that the lack 

of palaeopathological research in this area means practitioners rely more on clinical research. As seen 

in section 3.4.1.1.2 (p111), clinical diagnosis of AS relies on symmetrical ankylosis of the SI joint. This 

factor was seen as the most important osteological change in AS across geographical regions. 

Similarities in the diagnosis of AS and DISH within clinical and palaeopathological research could be an 

avenue for future collaboration. It would also be of use to undertake more research analysing AS in 

skeletal remains, to expand understanding of this condition in an archaeological context. 

There were also discrepancies seen not only in the methods being used in different geographical 

regions, but different wats to describe vertebral degeneration and variation in the level of importance 

given to diagnostic criteria. A prime example of this was seen when comparing OA diagnosis between 

UK based studies with global research. The UK relied more heavily on the presence of eburnation, 

whilst globally the presence of osteophytes was more integral. Such methodological disparities mean 

that comparisons of research between the UK and the rest of the world may create misleading results. 

For example, eburnation is representative of the most severe stages of OA and is potentially the only 

diagnostic feature of note (Craps 2015). Therefore, when compared internationally, UK skeletal 

populations may appear to have lower levels of OA, whilst international skeletal samples may have 

overestimated levels of the disease.  

The analysis of methodological reliability and which methods are most used by practitioners is part of 

the overarching question about what is required of the methods being applied. The literature review 

discussed reasons why researchers may choose to use certain methods to answer their research 

questions. Furthermore, it was seen in the trend analysis study that despite discrepancies in 

methodological approaches, individuals often rely on the same references. It was seen that the 

implementation of information from these sources differed, with some studies placing weight on 

certain diagnostic criteria over others. This linked to results of the inter observer study which showed 

even when presented with the same information, observers varied in their analysis and recording. 

What is needed is not only for standardised terminology, but the identification of a minimum standard 

for recording vertebral pathology. Commercial practitioners will always have a need for concise 
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methods which enable speedy skeletal analysis and recording. In contrast, academics and researchers 

may have more scope to develop more complex methods and have more allowance when modifying 

established methods. However, a standardised baseline, with proven observer reliability, would 

provide a comparable baseline from which datasets could be analysed. 

When considering the recording of vertebral pathology, and pathological conditions in general, there 

needs to be consideration on whether recording presence or absence of lesions, or lesion severity is 

more important. Questionnaire indicated that participants favoured presence or absence methods. 

Using the example of OA, presence or absence was often denoted in terms of the appearance of 

eburnation or two other diagnostic criteria. A solution could be to record the presence of the disease 

in three categories: none, presence of two changes, presence of eburnation. A similar approach was 

taken in research by Plomp et al. (2015). This method would make future research more comparable, 

facilitating the evaluation of research which focused more on the presence of osteophytes and other 

joint changes, as well as that which focused on eburnation. It would also potentially act as a means of 

comparing clinical data to osteological data, as eburnation results from bone on bone contact which 

is something that can be observed in clinical imaging. 

.  
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8. Conclusion 
 

8.1 Recommendations for future work 
 

The current thesis shows more work needs to be undertaken to create a robust and easy to use 

method that is applicable for different populations, reiterating recent statements from published 

literature (Baker and Agarwal 2017). Current methods were seen to be more reliable when individuals 

were identifying readily obvious lesions with clear written descriptions (e.g., osteophytes), but were 

unreliable when no clear definitions are provided (e.g., peri-articular resorptive foci). Methods were 

also more reliable when photographic and schematic representations of lesions were provided. When 

considering which lesions are important for different degenerative conditions, it was seen that there 

was disagreement between practitioners within the UK and globally. Consequently, work should be 

done with an international panel to create clear definitions for pathological lesions associated with 

different degenerative spinal joint diseases. Such an approach has been undertaken within 

palaeopathology previously to define entheseal changes (Villotte et al. 2016).  

Research by Steckel et al. (2005) has been ongoing to create globally applicable methods with clear 

definitions and imagery. However, this method has not yet been implemented consistently across 

palaeopathology. This may be due to limitations regarding which diseases the method includes, as it 

only covers scoring for DJD of the vertebral body and DISH, ignoring the facet joints and other 

conditions like SNS and AS (Steckel et al. 2005). Work should also be undertaken to develop a more 

robust standard recording method that includes the full scope of diseases that can affect the vertebral 

column, whilst clearly differentiating between changes to the facets and body. Therefore, this method 

should use DJD as an umbrella term for changes, and not a diagnosis. Instead, OA and DDD should be 

used, as these refer to the separate degenerative processes of the body and facets. The term vertebral 

osteophytosis is acceptable when referring solely on marginal osteophytes on the vertebral body. 

Additionally, when recording OA and DDD all traits (e.g., osteophytes, porosity, and eburnation) 

should be recorded separately to allow comparisons between studies.  

Developing a standardised method also requires input across academia and commercial archaeology, 

to ensure practical applicability. It may be required for standards to align with “rapid scanning” 

techniques (Connell and Rauxlaugh 2022) so they are not too cumbersome for application in 

commercial archaeology.  Therefore, a minimum standard of recording should be created to ensure 

all studies have the same basic level of information for comparison. Such a method should be concise 

and straightforward with clear images and diagrams as examples. The method would also need to be 
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made freely available to practitioners, as pay barriers have been shown to actively limit the 

distribution of new information. 

This current work confirms the desperate need for more inter and intra observer testing of the 

methods currently used in palaeopathology to identify and record pathological lesions of the spine. 

This research showed the lowest agreement when using Rogers and Waldron (1995), which was found 

to be amongst the most cited methods. This result suggests that comparisons of research using this 

method may not be feasible due to the variability in how individuals use the information within the 

Rogers and Waldron (1995) text. A further study with a larger sample size is warranted to see if this 

method truly lacks reliability or if the low agreement was due to the constraints of the present study. 

Given that this study was undertaken utilising photographs, the next step would necessitate analyses 

to be undertaken in person. However, as there has been increasing interest in preservation of remains 

through photography and 3D scanning, it is important that inter and intra observer reliability is high 

when methods are applied physically and digitally. This research goes some way to contribute to 

understanding reliability of methods when applied digitally. Future research should ensure use of 

larger sample sizes to ensure better statistical comparisons. 

In addition to testing reliability of current methods, it is also necessary to test the validity of methods. 

This primarily means that studies need to be done comparing the diagnosis of different joint diseases 

between palaeopathologists and clinicians. A study could be designed utilising cadaveric material  in 

which radiographic or CT scans are taken for assessment by clinicians before skeletal elements are 

dissected and cleaned for analysis by palaeopathologists. Such a study would test the reliability of 

methods within archaeology, but also provide the basis for a more in depth and practical comparison 

of the methods in clinical and palaeopathological research.  

Further analysis of trends in the methods and standards cited in published and unpublished literature 

could also prove beneficial. The current analysis of trends within the literature has shown the value of 

this approach and with adjustments it could be used as a format for further research. Future directions 

could include a comparison of core texts, such as those by Ortner (1981, 2003, 2019) and Roberts and 

Manchester (2005, 2010), to establish how they have changed overtime. Such a study could assess 

the impact of using older texts on palaeopathological studies. The current research also has 

implications for the education of future archaeologists and palaeopathologists. Given the prevalence 

of certain texts in these fields, going forward it is important students are familiar with standard 

diagnostic criteria and the variety of methods that may be applied to identify and record joint diseases. 

There are positive signs seen within this research. Early career questionnaire respondents were most 

likely to highlight the need for detail and use of standard terminology. This was reflected in the analysis 
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of theses, where the need for standardisation of methods and greater inclusion of clinical literature 

was also seen. It is expected that this temporal trend will continue, leading to improvements in 

standardising terminology and encourage a more considered approach to data presentation. 

 

8.2 Overall Conclusions 
 

There have been many calls for standardisation of the methods used to identify and record 

pathological lesions in human skeletal remains (Buikstra et al. 2017, Lawler 2017, Biehler-Gomez et al. 

2020, Snoddy et al. 2020). The present analysis of vertebral skeletal pathology has shown that there 

have been improvements within commercial archaeology and academic research to try and 

implement the use of standards and develop improved methods. It has shown that the terminology, 

standards cited, and methods of analysis currently used in commercial and archaeological settings 

have become more standardised over time, with an emphasis particularly on the identification of 

osteophytes, porosity, and eburnation. However, the current thesis has also highlighted challenges in 

the application and understanding of terminology and methods being used, particularly within the 

published literature when analysed globally. This work has shown that amongst three of the most 

cited methods currently implemented in identifying and recording degenerative spinal joint diseases, 

only one reached moderate levels of inter observer agreement between practitioner and student 

observers. Thus, the implementation of such methods to identify pathological vertebral lesions in 

skeletal remains may be questionable. Additionally, this thesis has shown there are divisions between 

academic and commercial archaeology, and that paywalls surrounding research (both 

palaeopathological and clinical) are potentially hindering the furthering of understanding of the 

history of disease within past British and international populations.   

Within the inter observer study it was seen that respondents were variable in how they recorded 

pathology, despite having the same guidelines to follow. If even basic data cannot be recorded in a 

standard manner, this has negative implications for the ability to make valid comparisons between 

different populations. Whilst this study is limited due to the small sample size, the low levels of 

agreement show there is a need for more work into the interrater reliability of commonly used 

methods in palaeopathology. This requires individuals in both academic and commercial spheres to 

take more of an active interest in this work and engage in improving methods. Guidelines suggesting 

methods for practitioners to use are helpful and have influenced the ways individuals record and 

diagnose lesions (e.g., BABAO 2004, 2018). However, it is of importance to note that before the work 

undertaken in this thesis, the methods that are suggested have not undergone statistical analysis of 
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their interrater reliability since their publication (Sager 1969, Buikstra and Ubelaker 1994) nor have 

undergone stringent statistical analysis of agreement (Rogers and Waldron 1995). It is crucial that 

testing of interrater reliability needs to be undertaken before any further methods can be 

recommended, and any new methods should be tested before use.  

Standardisation, or at least more developed guidelines, also need to be created for the presentation 

of data within palaeopathology. Practitioners from all backgrounds need to think more deeply of the 

longevity of the data they are producing, and its future applications. This requires not only a clear 

statement of diagnostic criteria, but also the ways in which data were recorded and processed. 

Currently, data comes in many forms and while publications are improving data presentation, going 

forward inclusion of raw data will be more useful and aid in the preservation of data. It is 

understandable that the sharing of data may be limited in certain ways, for example in commercial 

work it may be limited by the ownership of the data or by ethical considerations due the nature of the 

population being analysed, but this should not be the case in all instances. Recording of individual 

disease characteristics and sharing of raw data would allow for wider population analyses and help to 

ensure data could be used more effectively in the future should weighting of different diagnostic 

criteria for diseases change. More transparency is needed on how pathological joint lesions are 

recorded and how the data are processed. However, it has been acknowledged that such work is 

currently ongoing (Archaeology Data Service 2022, European Associatation for Digital Humanities 

2022, WORD database 2022). 

Better inclusion of clinical literature should also be developed within bioarchaeology. Whilst the 

literature review of the current work has gone some way to understand the scope of clinical diagnostic 

standards in comparison to those used in palaeopathology, more work is required to test the validity 

of diagnostic criteria within palaeopathology. Additionally, this research has shown that in some 

instances it may be possible to synthesise clinical methods with palaeopathological approaches to 

create methods for disease identification within skeletal remains which are comparable to clinical 

data. Such an approach would allow a more complete understanding of the global development and 

prevalence of diseases through time. Snoddy et al. (2020) recently made recommendations that not 

only is there more consultation of clinical literature, but that there is collaborative research with 

biomedical professionals and that journals invite clinicians to be reviewers for palaeopathology 

journals. It has been highlighted within this research, and published literature, that currently 

palaeopathology relies on older material that includes out of date clinical criteria. Perspectives from 

clinical pathology will help elucidate more contemporaneous ideas on bone biology and pathological 

osseous responses. When combined with anthropological understanding of taphonomic bone 
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changes, the pattern of lesions needed to differentially diagnose diseases in skeletal material can be 

properly understood. The importance of clinicians in developing methods for disease identification is 

made plain when considering that the two most cited authors, Rogers and Waldron, were themselves 

medical doctors.  

Finally, this study found that there is still a division between academia and commercial archaeology. 

A primary concern should be continuing to strengthen links between these areas. This will improve 

accessibility of data available to study and help disseminate important discoveries more quickly – both 

in terms of easier access to published literature, but also allowing original archaeological work to be 

highlighted within academic publications. It is also hoped that strengthening links between academia 

and commercial archaeology will encourage more cooperation between individuals and facilitate 

collaboration on the testing and improvement of recording methods. Concurrently with this, there 

needs to be improved access to osteological collections and their documentation. Work is ongoing for 

ease of access to datasets (Archaeology Data Service 2022, WORD database 2022). However, access 

for individuals to work with collections held within institutions is limited, with information about scope 

of remains being held difficult for researchers to obtain.  

Overall, it can be concluded that the aims of these studies have been met, and therefore the 

overarching aims of this thesis have also been fulfilled. Consequently, this thesis has been able: 

• To establish the current scope of palaeopathological work researching degenerative spinal 

joint diseases 

• To establish the current diagnostic criteria for degenerative spinal diseases within 

palaeopathological and clinical literature 

• To establish the methods that commercial and academic practitioners are using to identify 

and record degenerative spinal diseases and test their reliability  

• To establish the standards and terminology used to identify and record degenerative spine 

diseases and whether this has changed over time or varies globally 
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10. Appendix 
10.1 Questionnaire ethics approval 
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10.2 Inter observer ethics approval 
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10.3 Final structure of the questionnaire 
 

To start this questionnaire, it would be useful to get some information about your experience 

working with skeletal remains. Please be reminded all information is anonymously submitted.  

1. What is your primary discipline? You may select a primary and secondary option. Label these 

1 and 2 respectively. 

Forensic anthropology  

Physical anthropology 

Palaeopathology 

Bioarchaeology  

Archaeology 

Forensic Archaeology 

Osteology 

Anatomy 

Other ____ 

2. What educational level have you achieved so far? 

A levels/Scottish Highers 

Undergraduate degree 

Master’s Degree 

MPhil 

PhD 

3. Are you: 

Staff – Academic 

Staff – Technical 

Student – Undergraduate 

Student – Postgraduate (Master’s level) 

Postgraduate researcher (PhD) 

Post-doctoral researcher 

Commercial specialist  

Independent researcher/specialist 

4. How many years’ experience do you have working with human skeletal remains? 

0-5 
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6-10 

11-15  

16-20 

21-25  

26-30  

31+ 

5. A. On average how often do you record skeletal pathology? 

Daily 

Weekly 

Monthly 

Bi-annually 

Yearly 

Never 

B. In the remains you examine how often are vertebrae present? 

0-20% 

21-40% 

41-60% 

61-80% 

81-100% 

6. A. Have you ever undertaken research, outside of general data recording, on skeletal pathol-

ogy? E.g., exploring disease prevalence in a population etc. 

Yes 

No 

B. Have you ever undertaken research, outside of general data recording, on vertebral pa-

thology? 

Yes 

No 

The next set of questions will explore the methods you use for recording and diagnosing skeletal 

pathology. Please answer the questions to the best of your abilities. 

7. When examining remains, please describe the methods you use to examine and record spi-

nal pathology. Please be as detailed as possible: 
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8. A. Is the method you use from published literature (e.g., a journal article or book), or is it of 

your own design? 

From a published source  

From an unpublished source  

Based on a published source with my own changes 

Based on an unpublished source with my own changes 

Method is my own design  

Method is from my employers’ guidelines based on published literature  

Method is from my employers’ guidelines based on unpublished literature  

Method is of my employers’ own design  

Method based on guidelines from a professional organisation 

Other ____ 

B. Please identify any sources your method may be based on (e.g., journal article, employer, 

or professional body). 

 

9. Does the recording form or database you use to record skeletal remains contain a specific 

section for recording vertebral pathology?  

Yes  

No  

Unsure  

Other ____ 

10. A. If you use a recording form or database, is this of your own design or is it an official 

form/database provided to you by your employer/governing body? Please select all that ap-

ply. 

Own recording form 

Form provided for me 

Own database 

Database provided for me 

Form downloaded from online source 

Database downloaded from online source 

I don’t use a form 

I don’t use a database 
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B. If the form is provided for you or downloaded, please state the name of the 

employer/organisation who designed the form. 

 

11. Do your methods involve a grading system for the severity of bone changes, or do you 

simply measure presence and absence of different characteristics? 

Grade severity  

Presence and absence 

Both  

Depends on the research aims  

Other ____ 

12. A. Do you examine each vertebra as a single unit, or do you divide each vertebra into multi-

ple surfaces for analysis e.g., body and articular facets? 

As a whole 

Divided into multiple areas 

Both 

B. Please describe all the surfaces you would individually consider when analysing a vertebra 

for pathology. 

 

13. Are you more interested in the identification of potential skeletal pathology or describing 

the type and severity of the bone changes regardless of identification? 

Identification 

Type/severity  

Both equally  

Depends on the research 

Other ____ 

14. When reporting on skeletal pathology, what literary sources do you typically reference? 

Please provide the author, title, and year. 

 

The next set of questions focus on the diagnosis of skeletal pathology. Questions 15-18 are open 

questions, while 19-22 are closed questions. Please do not return to the open ended questions 

after looking at the later questions. It is important that questions 15-18 are answered in your own 

words. 

15. In your own words, please describe what bone changes are characteristic of osteoarthritis. 
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16. In your own words, please describe what bone changes are characteristic of diffuse idio-

pathic skeletal hyperostosis. 

 

17. In your own words, please describe what bone changes are characteristic of ankylosing 

spondylitis. 

 

18. In your own words, please describe what bone changes are characteristic of degenerative 

disc disease. 

 

19. Presented below is a list of the bone changes common in osteoarthritis. Please rank the 

changes 1-5/6 in order of most important to least important when making a diagnosis: 

Osteophytes  

Porosity/pitting  

Changes to joint contour 

Eburnation 

All changes equally 

Other ____ 

20. A. Presented below is a list of the bone changes common in diffuse idiopathic skeletal hyper-

ostosis. Please rank the changes 1-7/8 in order of most important to least important when 

making a diagnosis: 

Ankylosis/fusion of the vertebral bodies 

Ossification confined to the right side of vertebral bodies 

Preservation of disc spaces 

Preservation of the zygapophyseal facet joints 

Extra spinal manifestations 

Candlewax appearance of ossifications 

All changes equally 

Other ____ 

B. How many vertebrae must show signs of ligamentous ossification before you would 

consider a diagnosis of diffuse idiopathic skeletal hyperostosis? 

2 

3 

4 
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5 

6 

More than 6 

 
21. Presented below is a list of the bone changes common in ankylosing spondylitis. Please rank 

the changes 1-6/7 in order of most important to least important when making a diagnosis: 

Ossification of the interspinous and supraspinous ligaments 

Spinal fusion 

Lack of skip lesions 

Symmetrical fusion of the sacroiliac joints 

Bamboo spine 

All changes equally 

Other ___ 

22. Presented below is a list of the bone changes common in degenerative disc disease. Please 

rank the changes 1-5/6 in order of most important to least important when making a diagno-

sis: 

Pitting on the end plates of the vertebrae 

Spondylosis/Vertebral Osteophytosis 

Schmorl’s Nodes 

Endplate defects 

All changes equally 

Other ___ 

Thank you for taking part in this questionnaire. If you have any further questions, please contact 

klarner@dundee.ac.uk 
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10.4 Inter observer study: participant guidelines 
 

Before you start looking at the vertebral specimens, please complete the initial questions (found on 

the recording form) regarding your experience of recording pathological lesions on skeletal remains.  

After the initial questions have been answered, please look at the images below to confirm the 

terminology used for the features of the vertebrae in this study. Once you are happy with this, 

please proceed to reading through the method that you have been assigned. 

Read through the guidelines to viewing the images and the method you have been assigned carefully 

before commencing your analysis. As part of this examination, please complete the relevant form 

using the criteria of the given method. You may refer to the descriptions and images provided for 

each method while carrying out your examination and recording. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.1. Osteological terminology included in this study 
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Guidelines for viewing the images: 

1. In the email sent to you, alongside the recording guidelines, you will find; a copy of the par-

ticipant information sheet, consent form, recording form and link to the OneDrive file of the 

images for analysis. 

2. Please download and save the consent form and recording form. The files should be saved as 

“IO1OA_Consent_...” and “IO1OA_Recording_...”, where the ellipsis represents your partici-

pant number. This number has been generated for you and is written on both of these 

forms.  

3. Complete and electronically sign the consent form, then click ‘’save’’. 

4. Click the link to OneDrive file of images. You can view the images online, or click the “down-

load” button in the top left corner to view the images off line. If you choose to download 

them, the images should download as a .zip folder. 

5. To open the .zip file, go to your “downloads”, right click the file and then “extract all”.  

6. Once the files have been extracted you can view the images.  

7. Whether viewed online or offline, there are 3 folders of images, labelled method 1, 2 and 3. 

This corresponds to the methods on the recording form and within this guidelines docu-

ment. You should only look at the images for the method you have been assigned. 

8. Within each “methods” folder there are individual folders labelled 1-11/12 which corre-

spond to the specimen number for each method. The methods under review assess several 

characteristics of osteoarthritis and degenerative joint diseases, therefore, there is variation 

in the number of photographs present for each method. Every photo for each specimen is 

labelled to identify which surface is being shown to you e.g. vertebral body or zygapophyseal 

facet, superior or inferior.  

9. When looking at the images please turn the screen brightness up on your computer or lap-

top to ensure you can see the images clearly. You can zoom in on the images if necessary. 

10. Analyse the images presented using the corresponding methods, as described within the 

“Guidelines” document, and then fill in the relevant section on the recording form with your 

responses.  

11. Once you have completed your recording form save the document before exiting. 

12. Please send your completed recording form and consent form back to: k.larner@dun-

dee.ac.uk  

 

 

 

 

 

 

 

 

 

mailto:k.larner@dundee.ac.uk
mailto:k.larner@dundee.ac.uk
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Method 1: 

This method examines: growth of osteophytes on the rim of the vertebral body and osteoarthritic 

changes of the true diarthrodial zygapophyseal facet joints of the vertebrae (Figure 1). Please read 

through the traits carefully, the majority relate to changes of only the diarthrodial zygapophyseal 

facet joints of each specimen. 

In this method, the specimens are divided into “skeletal units”. Each vertebra includes four skeletal 

units, the superior and inferior zygapophyseal facets and the superior and inferior vertebral bodies. 

When grading, the observer is asked to determine the extent of the facet joint surface or joint 

periphery affected and to indicate the maximum expression of arthritic change for each skeletal unit. 

Following grading of each trait, please state if you feel the specimen has osteoarthritis according to 

the description provided in this method. 

Not all traits may be present in each unit; in such cases mark the trait as N/A (not applicable). Do not 

mark absent traits with a 0. 

Method description: 

The following traits are to be considered in this method: 

Vertebral body traits: 

1. Osteophytes: 

 

 

 

 

Zygapophyseal facet traits: 

1. Lipping, degree: 

 

 

2. Lipping, extent: 

 

3. Surface porosity, degree: 

 

 

4. Surface porosity, extent: 

 

5. Eburnation, degree: 

 

 

6. Eburnation, extent: 
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7. Surface osteophytes: 

 

 

8. Periarticular resorptive foci: 

 

 

9. Periarticular resorptive foci, extent: 

 

 

Definition of osteoarthritis: 

 

 

 

After determining the grades of each type of change, indicating the maximum expression, please 

state on the recording form whether you believe arthritis is present in each specimen by circling “Y” 

for yes and “N” for no. 
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Method 2: 

Presented are the descriptions of two different pathological conditions which can affect the 

vertebrae. Please read through all of the descriptions provided and then use these to diagnose the 

pathological joint modifications exhibited upon the specimens. The vertebral remains may have one, 

multiple or no signs of pathology. When diagnosing the different pathological joint conditions, the 

specimens will be diagnosed as a whole, rather than on an individual vertebral basis. This is done by 

examining each vertebra in the specimen and then deciding if the pattern of pathological lesions 

present overall fits the descriptions provided below. 

Pathology one: Osteoarthritis: 

 

 

 

 

 

 

 

An example of OA can be seen in figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.2. Osteoarthritis, with the facet joints showing grooving and 
eburnation 
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Pathology two: Degenerative disc disease: 

 

 

 

 

 

 

 

 

 

 

 

 

 

An example of a lumbar vertebrae with degenerative disc disease can be seen in figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10.3. Characteristic changes of degenerative disc disease 
showing pitting and roughness of the end plates and some 
osteophytes 
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Method 3: 

This method examines changes specifically due to osteoarthritis and grading the severity of those 

changes. In this method, you will be asked to examine six surfaces per vertebra: the cranial surface 

of the vertebral body and the cranial left and right zygapophyseal facets, followed by the caudal 

surface of the vertebral body and the caudal left and right zygapophyseal facets. Below are 

descriptions for changes in the vertebral body and zygapophyseal joints, including diagrams 

illustrating those changes. Please read them carefully before proceeding to grade each of the 

specimen’s provided. 

Method description: 

Vertebral body: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These stages (bar grade 4) are illustrated in figure 4. 
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Figure 10.4. The generic pathological changes of the vertebral bodies at grades 0-3. Left hand images show this in 
schematic format, shaded according to the different pathological changes. A – normal bone, B – Porosity, C – marginal 
osteophytes, D – sclerosis. The images to the right are photographs of generic vertebrae at each grade. 
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Zygapophyseal joints: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These stages (bar grade 4) are illustrated in figure 5. 
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Figure 10.5. The generic pathological changes of the zygapophyseal joints at grades 0-3. Left hand images show this in 
schematic format, shaded according to the different pathological changes. A – normal bone, B – Porosity, C – marginal 

osteophytes, D – sclerosis. The images to the right are photographs of generic joints at each grade. 
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10.5 Inter observer study: recording form 
 

Initial Questions: 

1. What is your primary discipline? You may select a primary and secondary option. Label these 

one and two. 

Forensic anthropology  

Physical anthropology 

Palaeopathology 

Bioarchaeology  

Archaeology 

Forensic Archaeology 

Osteology 

Anatomy 

Other ____ 

2. What educational level have you achieved so far? 

A levels/Scottish Highers or equivalent 

Undergraduate degree 

Master’s Degree 

MPhil 

PhD 

3. Are you: 

Staff – Academic 

Staff - Technical 

Student - Undergraduate 

Student – Postgraduate (Master’s level) 

Postgraduate researcher (PhD) 

Post-doctoral researcher 

Other ____ 
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4. How many years’ experience do you have working with human skeletal remains? 

0-5  

6-10 

11-15  

16-20 

21-25  

25-30  

30+ 

5. A. On average how often do you record skeletal pathology? 

Daily 

Weekly 

Monthly 

Bi-annually 

Yearly 

Never 

B. In the remains you examine how often are vertebrae present? 

0-20% 

21-40% 

41-60% 

61-80% 

81-100% 

6. A. Have you ever undertaken research on skeletal pathology? 

Yes 

No 

C. Have you ever undertaken research on vertebral pathology? 

Yes 

No 
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Method 1 Recording form: 

Specimen 1: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 2: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
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Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 3: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 4: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree   
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Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 5: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
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Specimen 6: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 7: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
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Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 8: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 9: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent   
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Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 
Arthritis present:    Y  /  N 
 
Specimen 10: 
 

Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 

Arthritis present:    Y  /  N 
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Specimen 11: 

Superior Vertebrae - Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Superior Vertebrae - Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
 

  

Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 

Arthritis present:  Y  /  N 

Inferior Vertebrae - Vertebral Body 

Trait Superior body Inferior body 

Osteophytes 
 

  

 

Inferior Vertebrae - Zygapophyseal Facet Joints 

Trait Superior facets Inferior facets 

Lipping: degree 
 

  

Lipping: extent 
 

  

Surface porosity: degree 
 

  

Surface porosity: extent 
 

  

Eburnation: degree 
 

  

Eburnation: extent 
 

  

Surface Osteophytes 
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Periarticular resorptive foci 
 

  

Periarticular resorptive foci: 
extent 

  

 

Arthritis present:  Y  /  N 

 

Notes (if needed): 
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Method 2 Recording form: 

Specimen Osteoarthritis Degenerative Disc Disease 

1 
 

  

2 
 

  

3 
 

  

4 
 

  

5 
 

  

6 
 

  

7 
 

  

8 
 

  

9 
 

  

10 
 

  

11 
 

  

12 
 

  

 

Notes (if needed): 
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Method 3 Recording form: 

Specimen 
number 

Zygapophyseal Joints Vertebral Body 

 Right Left 
 

1 Cranial   Cranial  

Caudal   Caudal  
 

2 Cranial   Cranial  

Caudal   Caudal  
 

3 Cranial   Cranial  

Caudal   Caudal  
 

4 Cranial   Cranial  

Caudal   Caudal  
 

5 Cranial   Cranial  

Caudal   Caudal  
 

6 Cranial   Cranial  

Caudal   Caudal  
 

7 Cranial   Cranial  

Caudal   Caudal  
 

8 Cranial   Cranial  

Caudal   Caudal  
 

9 Cranial   Cranial  

Caudal   Caudal  
 

10 Cranial   Cranial  

Caudal   Caudal  
 

11 – Superior 
vertebrae 

Cranial   Cranial  

Caudal   Caudal  
 

11 – Inferior 
vertebrae 

Cranial   Cranial  

Caudal   Caudal  

 

Notes (if needed): 
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10.6 Questionnaire post-hoc statistical testing results 
 

10.6.1 Results from overall questionnaire analysis 
 

Table 10.1. Results of the Wilcoxon ranked tests for diagnostic characteristics of OA, showing the significance of differences 

in the rankings of pairs of traits. Por = porosity, Op = osteophytes, JCon = joint contour, Eb = eburnation, Asymp. Sig. = p value 

based on the chi square approximation 

 Por-Op JCon-Op Eb-Op JCon-Por Eb-Por Eb-JCon 

Z -0.921 -0.874 -1.717 0.000 -1.828 -2.236 

Asymp. Sig. 
(2-Tailed) 

0.357 0.382 0.086 1.000 0.068 0.025 

 

Table 10.2. Results of the Wilcoxon ranked tests for diagnostic characteristics of DISH, showing the significance of differences 

in the rankings of pairs of traits. Right = right sided lesions, Ank = ankylosis, Disc = disc space preservation, Zyg = 

zygapophyseal facet space preservation, Xtra = extra spinal manifestations, Candle = candle wax appearance, Asymp. Sig. = 

p value based on the chi square approximation 

 Right-Ank Disc-Ank Zyg-Ank Xtra-Ank Candle-Ank Disc-Right 

Z -0.779 -0.464 -1.393 -2.371 -1.264 -1.490 

Asymp. Sig. 
(2-Tailed) 

0.436 0.643 0.164 0.018 0.206 0.136 

 Zyg-Right Xtra-Right Candle-
Right 

Zyg-Disc Xtra-Disc Candle-Disc 

Z -2.371 -2.684 -0.718 -2.489 -2.148 -2.565 

Asymp. Sig. 
(2-Tailed) 

0.018 0.007 0.0473 0.032 0.032 0.010 

 Xtra-Zyg Candle-Zyg Candle-
Xtra 

   

Z -1.163 -2.778 -2.711    

Asymp. Sig. 
(2-Tailed) 

0.245 0.005 0.007    

 

Table 10.3. Results of the Wilcoxon ranked tests for diagnostic characteristics of AS, showing the significance of rankings of 

pairs of traits. SpinFus = spine fusion, OssIntSup = ossification of the inter and supraspinous ligaments, LackSkip = lack of skip 

lesions, SymmSI = symmetrical fusion of the SI joint, Bamboo = bamboo spine appearance, Asymp. Sig. = p value based on the 

chi square approximation 

 SpinFus-
OssIntSup 

LackSkip-
OssIntSup 

SymmSI-
OssIntSup 

Bamboo-
OssIntSup 

LackSkip-
SpinFus 

Z -1.25 -2.701 -0.045 -0.80 -2.958 

Asymp. Sig. 
(2-Tailed) 

0.208 0.007 0.964 0.936 0.003 

 SymmSI-
SpinFus 

Bamboo-
SpinFus 

SymmSI-
LackSkip 

Bamboo-
LackSkip 

Bamboo-
SymmSI 

Z -1.563 -1.612 -2.687 -2.316 0.000 

Asymp. Sig. 
(2-Tailed) 

0.118 0.107 0.007 0.021 1.000 
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Table 10.4. Results of the Wilcoxon ranked tests for diagnostic characteristics of DD, showing the significance of differences 

in the rankings of pairs of traits. 

 VO-Pit Schmorl-Pit EndDef-Pit Schmorl-
VO 

EndDef-VO EndDef-
Schmorl 

Z -0.362 -0.960 -2.743 -1.748 -2.812 -0.000 

Asymp. Sig. 
(2-Tailed) 

0.717 0.337 0.006 0.081 0.005 1.000 

 

10.6.2 Results from analysis by career 
 

Table 10.5. The statistical differences in the relationships between ranked data of DISH characteristics for the early career 

respondent group. Right = right sided lesions, Ank = ankylosis, Disc = disc space preservation, Zyg = zygapophyseal facet space 

preservation, Xtra = extra spinal manifestations, Candle = candle wax appearance, Asymp. Sig. = p value based on the chi 

square approximation 

 Right-Ank Disc-Ank Zyg-Ank Xtra-Ank Candle-Ank Disc-Right 

Z -1.807 -0.431 -1.519 -1.378 -1.160 -1.594 

Asymp. Sig. 
(2-Tailed) 

0.071 0.666 0.131 0.168 0.246 0.111 

 Zyg-Right Xtra-Right Candle-
Right 

Zyg-Disc Xtra-Disc Candle-Disc 

Z -2.020 -2.003 -0.431 -2.271 -1..057 -1.807 

Asymp. Sig. 
(2-Tailed) 

0.043 0.045 0.666 0.023 0.290 0.071 

 Xtra-Zyg Candle-Zyg Candle-
Xtra 

   

Z -0.970 -2.226 -1.903    

Asymp. Sig. 
(2-Tailed) 

0.332 0.026 0.057    

 

Table 10.6. The statistical differences in the relationships between ranked data of AS characteristics for the early career 

respondent group. SpinFus = spine fusion, OssIntSup = ossification of the inter and supraspinous ligaments, LackSkip = lack of 

skip lesions, SymmSI = symmetrical fusion of the SI joint, Bamboo = bamboo spine appearance, Asymp. Sig. = p value based 

on the chi square approximation 

 SpinFus-
OssIntSup 

LackSkip-
OssIntSup 

SymmSI-
OssIntSup 

Bamboo-
OssIntSup 

LackSkip-
SpinFus 

Z -0.276 -1.786 -0.272 -2.032 -2.032 

Asymp. Sig. 
(2-Tailed) 

0.783 0.074 0.785 0.042 0.042 

 SymmSI-
SpinFus 

Bamboo-
SpinFus 

SymmSI-
LackSkip 

Bamboo-
LackSkip 

Bamboo-
SymmSI 

Z -0.425 -2.060 -2.060 -0.276 -1.265 

Asymp. Sig. 
(2-Tailed) 

0.671 0.039 0.039 0.783 0.206 
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Table 10.7. The statistical differences in the relationships between ranked data of AS characteristics for the established career 

respondent group. SpinFus = spine fusion, OssIntSup = ossification of the inter and supraspinous ligaments, LackSkip = lack of 

skip lesions, SymmSI = symmetrical fusion of the SI joint, Bamboo = bamboo spine appearance, Asymp. Sig. = p value based 

on the chi square approximation 

 SpinFus-
OssIntSup 

LackSkip-
OssIntSup 

SymmSI-
OssIntSup 

Bamboo-
OssIntSup 

LackSkip-
SpinFus 

Z -0.577 -1.633 -1.732 -1.633 -1.342 

Asymp. Sig. 
(2-Tailed) 

0.564 0.102 0.084 0.102 0.180 

 SymmSI-
SpinFus 

Bamboo-
SpinFus 

SymmSI-
LackSkip 

Bamboo-
LackSkip 

Bamboo-
SymmSI 

Z -1.414 -1.342 -1.000 -1.633 -1.633 

Asymp. Sig. 
(2-Tailed) 

0.157 0.180 0.180 0.102 0.102 

 

Table 10.8. The statistical differences in the relationships between ranked data of AS characteristics for the well-established 

career respondent group. SpinFus = spine fusion, OssIntSup = ossification of the inter and supraspinous ligaments, LackSkip = 

lack of skip lesions, SymmSI = symmetrical fusion of the SI joint, Bamboo = bamboo spine appearance, Asymp. Sig. = p value 

based on the chi square approximation 

 SpinFus-
OssIntSup 

LackSkip-
OssIntSup 

SymmSI-
OssIntSup 

Bamboo-
OssIntSup 

LackSkip-
SpinFus 

Z -1.841 -1.633 -1.069 -1.890 -1.81 

Asymp. Sig. 
(2-Tailed) 

0.066 0.102 0.285 0.059 0.066 

 SymmSI-
SpinFus 

Bamboo-
SpinFus 

SymmSI-
LackSkip 

Bamboo-
LackSkip 

Bamboo-
SymmSI 

Z -1.134 -0.816 -1.604 -1.841 -0.184 

Asymp. Sig. 
(2-Tailed) 

0.257 0.414 0.109 0.066 0.854 

 

10.6.3 Results from analysis by research experience 
 

Table 10.9. The statistical significance of differences in ranked data of osteoarthritis within the vertebral research group. 

 Por-Op JCon-Op Eb-Op JCon-Por Eb-Por Eb-JCon 

Z -0.447 -1.134 -1.841 -2.000 -1.890 -1.890 

Asymp. Sig. 
(2-Tailed) 

0.655 0.257 0.066 0.046 0.059 0.059 
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Table 10.10. The statistical significance of differences in ranked data of AS within the vertebral research group. 

 SpinFus-
OssIntSup 

LackSkip-
OssIntSup 

SymmSI-
OssIntSup 

Bamboo-
OssIntSup 

LackSkip-
SpinFus 

Z -1.725 -2.060 -0.272 -1.667 -1.087 

Asymp. Sig. 
(2-Tailed) 

0.084 0.039 0.785 0.096 0.041 

 SymmSI-
SpinFus 

Bamboo-
SpinFus 

SymmSI-
LackSkip 

Bamboo-
LackSkip 

Bamboo-
SymmSI 

Z -1.087 -0.552 -1.841 -2.264 1.200 

Asymp. Sig. 
(2-Tailed) 

0.041 0.581 0.066 0.024 0.230 

 

10.6.4 Results from analysis by occupation 
 

Table 10.11. Significance of the relationships between ranked data of OA by Specialist respondents. 

 Por-Op JCon-Op Eb-Op JCon-Por Eb-Por Eb-JCon 

Z -0.577 -0.756 -2.060 -1.000 -2.121 -2.070 

Asymp. Sig. 
(2-Tailed) 

0.564 0.450 0.039 0.317 0.034 0.038 

 

Table 10.12. Significance of the relationships between ranked data of DISH  by Specialist respondents. 

 Right-Ank Disc-Ank Zyg-Ank Xtra-Ank Candle-Ank Disc-Right 

Z -0.423 -0.425 -1.084 -2.232 -1.219 -1.633 

Asymp. Sig. 
(2-Tailed) 

0.672 0.671 0.279 0.026 0.223 0.102 

 Zyg-Right Xtra-Right Candle-
Right 

Zyg-Disc Xtra-Disc Candle-Disc 

Z -1.633 -1.892 -1.807 -2.121 -2.214 -2.232 

Asymp. Sig. 
(2-Tailed) 

0.102 0.058 0.071 0.034 0.027 0.026 

 Xtra-Zyg Candle-Zyg Candle-
Xtra 

   

Z -1.089 -2.041 -2.213    

Asymp. Sig. 
(2-Tailed) 

0.276 0.041 0.027    

 

Table 10.13. Significance of the relationships between ranked data of DDD by Specialist respondents. 

 VO-Pit Schmorl-Pit EndDef-Pit Schmorl-
VO 

EndDef-VO Schmorl-
EndDef 

Z 0.333 -1.826 -0.816 -1.857 -1.633 -1.826 

Asymp. Sig. 
(2-Tailed) 

0.739 0.068 0.414 0.063 0.102 0.068 

 




