
Durham E-Theses

Musculo-Skeletal Stress Markers in Bioarchaeology:

Indicators of Activity Levels or Human Variation? A

re-analysis and Interpretation.

Henderson, Charlotte

How to cite:

Henderson, Charlotte (2009) Musculo-Skeletal Stress Markers in Bioarchaeology: Indicators of Activity

Levels or Human Variation? A re-analysis and Interpretation., Durham theses, Durham University.
Available at Durham E-Theses Online: http://etheses.dur.ac.uk/1953/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-pro�t purposes provided that:

• a full bibliographic reference is made to the original source

• a link is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

http://www.dur.ac.uk
http://etheses.dur.ac.uk/1953/
 http://etheses.dur.ac.uk/1953/ 
htt://etheses.dur.ac.uk/policies/


Academic Support O�ce, Durham University, University O�ce, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107

http://etheses.dur.ac.uk

2

http://etheses.dur.ac.uk


Chapter 6. Materials and Methods 

6.1 Introduction 

Current recording methods for MSM do not take into account anatomical 

characteristics of these sites, they are not quantitative, and they do not mirror clinical 

descriptions of enthesopathies. These failings have been discussed in the previous 

chapters. These chapters have also provided groundwork for creating a new recording 

method that does reflect these factors, stores the data digitally and can be analysed 

quantitatively. The aim is that it should be objective. The approach used to create this 

method and a discussion of the method itself will follow. An important factor 

discussed in Chapter 5, is the relationship between disease processes and 

enthesopathy formation. For this reason stringent controls will be used to remove 

cases of disease related-enthesopathy formation (called "bone formers") from the 

sample. These cases will also be compared with the remaining sample to determine if 

enthesopathies caused by disease differ from those (more likely to be) caused by 

musculoskeletal stress. 

Trials of various methods were undertaken to determine the best methods to use and 

these will be discussed in this chapter, prior to a discussion of the final method. It 

should be remembered that the aim is to develop a recording method based on the 

discussions in the previous chapters. However, clinical evidence does not provide 

clear differences between enthesopathy appearance depending on their aetiology: 

traumatic or caused by disease. This is a major limitation. It was decided upon that 

bone formers should be recorded in the same manner as the other skeletons to 

determine if the new recording method found differences in enthesopathy expression. 

Further hypotheses to be tested using the new methodology were: 

Enthesopathies form in individuals whose entheses are too small to effectively 

dissipate forces localised at the enthesis. 

2) Individuals with enthesopathies are larger than those without 
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3) That the size of the enthesis correlates "ith the size of the bone in the locality of 

the enthesis, e. g. the x and y dimensions of the common extensor origin should 

correlate with the width of the epicondyle of the humerus 

4) Bone formers have more appendicular enthesopathies than non-bone formers 

5) Roughness parameters, as used in materials science, can be applied to entheses to 

record their surface topology quantitatively and to differentiate those with 

enthesopathies and those without. 

a. ) If roughness parameters can be applied, then is there a relationship between 

surface roughness and size of entheses. 

6.2_Pilot Study: Materials and Methods 

Numerous pilot studies were set up to determine the best method of digitally 

recording the surface topology of the enthesis, without creating huge datasets or 

requiring expensive equipment. This author is of the opinion that the recording of 

enthesopathies in skeletal assemblages is of equal importance as other anomalies and 

pathological signs. It was, therefore, thought that any unnecessary cost or time 

involved in recording entheses would mean that the methodology could never be 

adopted by the majority of bioarchaeologists. Three-dimensional methods have been 

used, recently (Zumwalt 2004), but require equipment which is not available to all 
bioarchaeologists. Furthermore, it is necessary when comparing samples to have 

comparable data points. In the same way that, when comparing the size of the bone 

specific landmarks are used to measure each bone, such "landmarks" are required 

when comparing three-dimensional data (Bookstein 1991; von Cramon-Taubadel, et 

al. 2007). Entheses do not have landmarks and so comparison using three-dimensional 

methods would rely on controversial techniques (O'Higgens pers. comm. ). This was a 

further reason for using two-dimensional analysis. 
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6.2.1 Pilot Study: Materials 

The pilot studies, including visual inspection and measurement. were undertaken on 

human skeletal remains from Jarrow and Monkwearmouth. Both sites are from the 

medieval period (spanning the late 7th century AD to 14th century AD) of Northeast 

England (Figure 6.0, note also the location of York the provenance of the main stud,, 

material). Jarrow (founded in c. 681 AD) is located just south of the Tyne and 

Monkwearmouth (founded c. 673 AD) near modem Sunderland at the mouth of the 

Wear; both are important early monastic sites (Cramp 2005). Other, unmarked 

disarticulated bone was also used to increase the sample size. All of this material is 

curated in the Department of Archaeology, Durham University, England. These 

skeletal remains were chosen, not because of their archaeological provenance, but 

purely as testing material to test the different methods and intra- and inter-observer 

error. This material included both male and female skeletal remains of varying ages, 

all with fused humeral, radial and u1nar epiphyses, indicating the end of growth of 

these bones. The age and sex distribution of this material is unimportant for the 

reasons stated above. 
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Figure 6.0 Map of the sites used adapted from Dobson (200-5) 
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Only three bones were recorded from each individual; the humerus, radius and ulna. 
The upper limb was chosen because it is normally more commonly associated with 

occupation in both clinical (Chapter 4) and bioarchaeological literature (Chapter 3). 

Three entheses were used for the full recording method; the supraspinatus, common 

extensor origin and the hiceps brachii. These sites were chosen partly because of the 

quantity of literature on injuries and enthesopathies at these sites, and because they 

are all fibrocartilaginous entheses. Fibrocartilaginous entheses were chosen because Z: ) 
of their normally smooth imprint, making it easy to determine when the site is 

abnormal. Fibrocartilaginous entheses are also the best studied and there is 

considerable literature on the normal appearance, development, histology and 
biochemistry of these sites (as discussed in Chapter 3). 

6.2.2 Pilot Studv. Methods: recordin2 of entheses 

The airn of the pilot studies were to develop a reproducible visual recording system 

and quantitative recording system and to determine whether measuring the size of t: 5 
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entheses was worthwhile in the full-scale study. Sample sizes for these pilots were 

small, but gave a good indication of whether the method ýN as useable. 

6.2.2.1 Visual system 

The most commonly used recording technique, as discussed in Chapter 2, is that 

developed by Hawkey (1988). This method assumes that the normal appearance of all 

entheses is the same, but this is not the case (as discussed in Chapter 3). There are 

essentially two types of enthesis one with a normally smooth surface, e. g. the 

supraspinatus insertion, whereas the other type is normally rugged, e. g. the insertion 

of the delloid muscle. The "Hawkey" method does not take this into account; Chapter 

2 covered this in greater detail. It is highly probable that normal entheses have been 

incorrectly labelled as enthesopathies. Consequently, this method did not seem 

suitable for the present study. However, it was decided that a visual recording system 

was necessary to allow interpretation of the quantitative data. Two approaches seemed 

to be the most useful. One was the complete recording of every detail of the surface 

and the other was to record only the presence or absence of enthesopathies, without 
further detail. The latter method is simple and quick, but it was decided that this did 

not allow for the differentiation between lytic lesions and bone spurs (and other 

enthesopathies, as described in Chapter 7). Recording such different enthesopathies as 

one single entity seemed to be removing a vital part of the data because so little is 

currently known about enthesopathies. For this reason an attempt was made to record 

as much data as possible. 

To do this all the changes found at the three primary entheses (supraspinatus, 

common extensor origin, and biceps brachii) were noted down from all the trial bones 

(an example of the supraspinatus is demonstrated in Figure 6.1). This was used to 

determine the range of abnormalities found. This was then used to create a recording 
form (Table 6.1). In the final method (Table 6.2) the other entheses were recorded in a 

similar manner, but with less detail and with no metrical data. Damaged entheses were 

consigned to the "absent" category if this damage covered a large surface area. 
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Figure 6.1 Flowchart of method. 
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Table 6.1 The visual recording of the right supraspinalus insertion demonstrating 

typical responses (from the Fishergate House recording form, see Appendix IV). 
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Table 6.2 Other entheses recorded along with recording methodology and 

example of data (based on the right side, this was also applied to the left side). 

From Fishergate data, see Appendix IV. 
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To test this recording method for intra-observer error. the same bones were recorded 

twice by this author using the same method. It was found that in 94 percent of cases 

the responses were identical. This method was also tested for inter-observer error 

which was not statistically significant. 

6.2.2.2. Measurement 

Measurement of bones is widely employed to provide quantitative data used when 
describing individuals in the past (Brickley and McKinley 2004; Buikstra and 

Ubelaker 1994). Such descriptions are used to calculate stature and the biomechanics, 

e. g. the bending moment of the lower limb (platycnemia and platymeria). It is not 

currently known whether there is a relationship between bone size and enthesis size or 

between either of these and enthesopathy formation. One hypothesis is that 

enthesopathies form in individuals whose entheses are too small to dissipate the forces 

effectively. Therefore the aim of taking measurements was two-fold. Firstly, the 

hypothesis that enthesopathies would be more common in small entheses because of 

the lack of surface area for the distribution of load. The second aim was to test the 

hypothesis that the size of the enthesis correlates with the size of the bone in the 

locality of the enthesis. 

Bones were measured following Bass (1995) and Buikstra and Ubelaker (1994) 

(Table 6.3. Measurements made and indices calculated). Indices used to gauge the 

"robusticity" of the bones were calculated from some of these measurements. The 

indices used were: 

e Robusticity index of the humerus - (humerus minimum circumference x 

I 00)/Humerus maximum length (Bass 1995); 

* Humerus head index - vertical head height/transverse head height 

o Radiohumeral index - (radius maximum length x 100)/humerus maximum 

length (Bass 1995), 

o Radius diameter index - (A-P diameter x 100)/M-L diameter 
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Modified calliper index - (ulna least circumference x 100)/ulna maximum 

length 

Table 6.3 Measurements made and indices calculated, with definitions and 

equipment used. 
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These measurements were made on the trial bones. Intra- and inter-observer error was 

calculated for the measurements of the entheses. Intra-observer error was assessed by 

two-sample t-tests of length and breadth of the supraspinatus and common extensor 

entheses on two separate days using the same measuring equipment. At a 95 percent 

confidence interval these t-tests indicated that there was no significant difference 

between the sample means, indicating that the measurements were repeatable. 
Because the majority of these measurements are in common usage it was decided to 

apply them to the final data set. The results of intra- and inter-observer error analysis 

on the final data set are presented below. 

6.3 Intra-observer error 

6.3.1-intra-observer error: Measurement data 

Intra-observer error tests were performed using the non-parametric Mann-Whitney U 

test. This was used in preference to the Student's t-test because of the small sample 

size. Table 6.4 demonstrates that there were no statistically significant differences in 

measurements of the humerus. 

Table 6.4. Measurements of the humerus: intraobserver error. N=8 

Maximum 
Length 

Minimum 
Circumference Vertical head 

Supraspinatus 
x 

Supraspinatus 
y 

Mann-Whitney 8 000 15 500 22 000 14 000 16 000 U . . . . . 
z -1.559 -. 330 -. 320 -. 641 -. 320 
Exact Sig. 
[2*(1-tailed 

.1 49(a) . 755(a) 805(a) 589(a) . 818(a) 
Sig. )] I I I 

a Not corrected tor ties. 

b Grouping Variable: Observation 
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6.3.2_lnter-observer error: Measurement data 

Two observers who had never used the recording methodology described in Chapter 6 

recorded the dimensions of ten humeri and also the curvature of the entheses of the y- 

axis of the common extensor origin. Time constraints only allowed the folloýNing 

measurements to be recorded fully by one observer: 

Humerus: vertical head diameter 

Humerus: transverse head diameter 

Humerus: condylar width 

Supraspinatus: x 
Supraspinatus: y 

Non-parametric tests presented inTable 6.5 were used to determine whether there 

were any statistically significant differences between the observers at (x = 0.05. No 

statistically significant differences were found between the observers. 

Table 6.5 Measurements of the humerus: interobserver error. N= 10. 

Transverse 
Vertical head Head Condylar width Supraspinatus x Supraspinatus y 

Mann-Whitney U 30.000 18.000 38.000 16.000 27.000 
z -. 889 -1.302 -. 178 -1.389 -. 116 
Exact Sig. [2*(l- 
tailed Sig. )] 

I , 408(a) 
i . 

220(a) . 897(a) 
1 .1 89(a) . 955(a) 

a Not corrected forties. 

b Grouping Variable. Observer 

6.4 Methods to Record Enthesis Shape 

6.4.1-Assessment of curvature 

The shape of the enthesis determines the surface area of the attachment site. This 

cannot be measured using sliding callipers because they cannot compensate for 

buckling of the surface. IdeallY, as discussed above. three-dimensional anal\ ses of the 
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surfaces, as undertaken on sheep entheses (Zumwalt 2004). provide the greatest 
information. However, there are problems with this approach: it can be prohibitivelý 

expensive making it difficult for all research groups to afford. It also requires the data 

points to correspond from individual to individual, which can require comple\ 

mathematical procedures to correct (Bookstein 1996/1997). Consequently, a two 

dimensional approach was chosen and only two regions of the enthesis analysed - the 

x and y axes (which are the same as those used for measuring). This method has the 

advantage that the intersection of the x- and y-axes occurs at the midpoint, hN 

definition this should make this point identical on all individuals. The end point of 

these lines is also determined by this midpoint, and it should be comparable from 

individual to individual. This simple method should, therefore, mean that many of the 

problems encountered in geometric morphometry which require size and shape 

scaling can be avoided. 

The aim, therefore, was to digitise a line representing, in two-dimensions, the 

curvature of the surface (Figure 6.2). Detail is lost, but if the x- or y-axis does 

intersect an anomaly, then the anomaly is recorded. If the anomaly is not intersected, 

then it is still recorded visually. Once a digital representation is created, quantitative 

analysis can be applied (see below). 

Figure 6.2 Two-dimensional representation of three-dimensional surface (F13 

common extensor origin axis x). 
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6.4.2 Laser line 

The initial technique attempted to draw a line across the enthes's surface using a laser 

beam. The laser beam was slowly moved across the surface along, a stable axis, ývhilst 

a camera on a long exposure setting (circa 2 minutes) was used to capture the image 

of the line (Figure 6.3). However, the light levels had to be kept low to balance the 

exposure of the bone (i. e. to avoid over-exposure) and for the red laser light to be Zý 
visible. This made it difficult to line-up the x- and y-axes. It was also difficult to 

determine the delimitations of the enthesis on the final photograph. Most importantly, 

the closeness of the bone to the camera varied depending on the size of the bone, thus 

making the resolution of the profile variable. Attempts were made to correct for this, 

but the darkness of the images meant that the method proved not to be reproducible. 

Figure 6.3 Laser beam method. 

6.4.3_Castin2 

Casts using FIMO, a polymer clay, were taken of the surfaces, with the aim of being 

able to draw lines across the surfaces in the x- and y-axes to be photographed and 

thereby digitised (Figure 6.4). However, it proved impossible to determine where the 

surface began and ended on the fired casts (as with the laser line) and was therefore 

non-reproducible. In less well preserved bones, parts of the enthesis were found to 

attach themselves to the FIMO and vice versa, so conservation issues also ruled out 

this approach. 
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Figure 6.4 Cast of enthesis. JA67LW with arrows indicating ends of enthesis. 

6.4.4 Profile Gaui! e 

The final method attempted was to use a profile gauge. This is a metal device often 

used to shape tiles to fit in awkward spaces. It has movable prongs of 0.8 mm in 

width. This device placed on the surface of the enthesis in the x and then the y 

dimensions was used to draw the shape of the enthesis onto paper. It was found that a 

propelling pencil (0.5 rnm lead) was the best method of transferring the curves from 

the profile gauge to the paper. The supraspinatus enthesis was tested for intra- Z: ' Z: ' 
observer error (tested for differences in roughness parameters, discussed below), 

which was found to be minimal. This method was repeated to test for inter-observer 

error, but only on the supraspinatus y-axis (which was perceived by the author as the 

hardest to line up). This data demonstrated that, at 95 percent confidence interval 

there was no statistically significant difference between the two samples (Section 6.7). 

The repeatability, simplicity and low cost of this technique make it ideal for the shape 

analysis of entheses. However, cligitising the data is time-consuming. Ideally the data 
r: ' 1-: 1 

would be digitised as it is collected, which would make this technique quick and 

178 



simple to use, thereby making it of use to anybody wishing to digItally record these 

entheses. 

6.5 Surface Roughness: Quantitative Analysis 

The pages of curves were scanned in and each curve cut to the ends of each line usin" 
Corel Photo-Paint] 1. The "Auto Equalize" function was then used to make the line 

stand out more clearly against the background. Then the colour mode was changed to 

black and white. This was performed as follows: "Black and White" was selected 
from "Color mode", conversion was set to "Line Art" and the "Threshold" set to 

" 128" (where different threshold settings were necessary, the file name was changed 

to ".. bw [threshold number]. bmp". The image was then scrutinised for extraneous 

marks, which were removed where appropriate. The image was then converted to 

"Grayscale (8-bit)" and saved as a ". bmp" file to allow analysis in the Matlab routine 

(Appendix 11). Prior to this analysis the curves were flipped and rotated so that the left 

and right sides could be pooled (See Figures 6.5 and 6.6; Table 6.6). 
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Figure 6.5 Page prior to curve digitisation. 
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Figure 6.6 End result of edits to graphical data prior to analysis for F13 left 
biceps brachii axis x. 

Table 6.6 Rotation and flip schedule to allow pooling of left and right sides. 

Enthesis Rotation Anatomical feature location 
Left Supraspinatus rotate 90 degrees Bicipital groove at bottom-most 
axis x anticlockwise and flip point of curve 

horizontally 
Left common extensor rotate 90 degrees Anterior-most point of groove 
origin axis x anticlockwise and flip touching the lateral edge of the 

horizontally capitulurn is bottom-most point 
Left biceps brachii rotate 90 degrees Medial-most point of curve is 
axis x anticlockwise and flip bottom-most 

horizontally 
Right Supraspinatus rotate 90 clockwise As left supraspinatus 
Right common rotate 90 clockwise As left common extensor origin 
extensor origin 
Right biceps brachii rotate 90 clockwise As biceps brachii 

Various measures of surface roughness (Table 6.7) were then calculated using a 

computer routine (Appendix 11) created in Matlab 5.3. This imported the, now digital 

line, to smooth it using a moving average filter. Surface roughness was then 

calculated following the calculations in Table 6.7. The data was outputted both as a 

graphics file (See Figure 6.7) and as a text file. The surface roughness parameters 

were imported into an Excel spreadsheet and then exported to various programs for 

statistical analysis. If this study were to include a larger sample size or more entheses, 

then a database would be required for data management and analysis. 
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Table 6.7 Summary of roughness parameters used, based on (Gadelmawla, el A 

2002) The Matlab routine used to calculate these are in Appendix 11. 

Parameter Calculation 
Root mean square Standard deviation of the distribution of surface heights. 
roughness (Rq) 

Rq =I- 
n 

Arithmetic average The average absolute deviation of the roughness irregularities from 
height (Ra) the mean line over a sampling length. It provides no information 

about the wavelength and is not sensitive to small changes in profile. 

Ra 'Y" 
n 

Mean slope Mean absolute profile slope over the assessment length (in this case 
(Mnslope) pixels). 

I n-1 . 
5y, 

y- 
n-i 5 

High spot count Number of high regions of the profile above the mean line (or a 
(HSQ parallel line to it) per unit length (in this case measured in points, 

g pixels) along the assessment length. 
Peak number number of peak turning points per unit length (pixels) 
(Peaknum) 
Peak frequency mean peak to peak distance (based on the peak number) 
(Peakfreq) 
Relative length Calculated by a summation of the lengths of the individual parts of 
(Reflength) the profile divided by the assessment length (pixels). 

n 

L 
j=1 

Mean displacement Mean of the displacement (the displacement is represented by the 
(Meandis) red line in the output file) it is represented by the black line in the 

out ut file (see Figure 6.7). 
Area displacement Area under the red line, i. e. the sum of each point along the red line 
(Areadis) (see Figur 6.7). 
Rq of Fast Fourier The curve, smoothed with a high pass filter at 0.1 Hz (in Origin 7), 
Transform of curve creating a curve to which the Rq roughness parameter is applied (in 
(FFTRq) Excel). 
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Figure 6.7 Graphics output of Matlab routine for F13 left biceps brachii axis x 
(roughness parameter name followed by "mid" indicates the roughness 

parameter for the middle two-thirds of the surface) 
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6.6 Stren2ths and Limitations of Rou2hness Parameters 

Roughness parameters, i. e. measures of the variation in surface smoothness, are 

widely used in materials science to categorise surfaces and in manufacturing to 

determine whether materials or products are suitable for their proposed application 

(Scarr 1967). Scaling up from this, sorne of these same mathematical principles can be 

used in wear analysis of dentition and, moving away from bioarchaeology, flint tools 

(Astruc, et al. 2003) and geological applications. Such parameters can be applied in t) Z: ' 
two- or three-dimensions. The surfaces of the entheses were all three-dimensional, but 

for this project, as discussed elsewhere, a two-dimensional approach was taken. 

The parameters used in this study fall into four main categones: measures of 

amplitude, measures of spacing, measures combining both amplitude and measures of 

space, and measures of the deviation of the curve from a fitted line (y = Mx+c). These 

are all defined in Table 6.10. Descriptors of amplitude (Rq and Ra) measure the 

vertical variations in surface roughness in relation to a mean line, i. e. the height 

variation in relation to the inean line (Gadelmawla, et al. 2002). These are the most 
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commonly used measures of surface topography, but they are affected bý the slope of 

the curve (see Figure 6.8). Spacing parameters (HSC, Peak number, Peak frequency) 

measure horizontal variations, e. g. the number of peaks in the sampling length, 

whereas hybrid parameters (mean slope and relative length) combine both vertical and 
horizontal elements (ibid. ). The final category of parameters was defined by the 

authors of this paper as mean displacement and area displacement. These are affected 
by the shape of the curve (the value of the area displacement is higher in a convex 

than a concave curve, see Figure 6.8. ), not just the frequency of the curve. A final 

method was the measurement of the Rq of the high pass Fourier transform filter (cut 

off set at 0.1 Hz), which filtered out frequencies below 0.1 Hz of the curve (see 

below) using Origin 7. The Rq was then calculated on the high pass filter by pasting 

the values from Origin into Microsoft Excel (but excluding the two first and last 

values) using the following formula: 

=SQRT((l /I 24)*SUMSQ(AI: A 124)) 

So the square root of (the sum of squares of rows AI to A 124 divided by 124), where 

124 is the number of rows. The actual number of rows varied, and the numbers were 

changed accordingly. 

Test data (Figure 6.8) were created by drawing lines, to test how the roughness 

parameters functioned under various conditions. Note that on the file output mid- 

section roughness has been calculated. This was not used in the final analysis. 

Skewness and kurtosis of the curves were also calculated because they can provide 

useful additional descriptions of the Rq and Ra data. These were tested in the final 

analysis on some enthesis axes. They were not used on all of the data because the 

other ten parameters were assumed to be sufficient to record surface variation. 
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Figure 6.8 Test images (I to 6) showing roughness parameters. Note the variation 

in roughness parameter values with the surface shape. 
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Figure 6.9 present test curves used to calculate the Rq of FFT (see Table 6.7 for a 
definition). The Black (upper line) represents a hypothetical curve (created in Oripin tý 
7), the red line (lower line) is the result if the 0.1 Hz high pass filter on the original 

curve. In general, this indicates that Rq of FFT is lower if the original curve is rough. 
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Figure 6.9 Test images for Rq of FFT. Where lines B, C, D, and E are the test image 

lines presented in Figure 6.8. The second line is a high pass filter applied to the line NNith 
its Rq value presented below. 
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In summary, these roughness parameters quantify various features of the curves. This 

should make them ideal for quantifying two-dimensional cun! es of entheses. 

6.7 Intra-observer error 

6.7.1 Rou2hnesS Darameters 

Roughness parameters were compared for the y dimension of the common extensor 

origin (see Figure 6.10). The profile of the common extensor origin y dimension was 

assessed on 8 humeri twice, using the same profile gauge but on separate days. The 

drawn curves were assessed as described above. The values of the roughness 

parameters on the different days are presented in Table 6.8. The parameters were 

compared using a Mann-Whitney U test (Table 6.9). No significant differences were 

found for any of the roughness parameters (at a=0.05). 

Figure 6.10 Common extensor origin axis y. Line indicates location of y axis. 
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Table 6.8. Roughness parameter values for the common extensor origin y recorded on 
two separate occasions. N=8. 

Skeleton Side 
Occ- 
asion Rq 

Mn- 
slope 

_HSC 

Peak 

num 
Peak 

-frecl Rell 
NIn- 
Dis 

Area 
-dis 

Ja70GX left I st 1.08 0.74 0.00 0.00 0.08 14.83 1.00 0.33 61.56 
Ja67KD left I st 0.66 0.45 0.01 0.02 0.07 15.86 1.00 0.17 22.90 
ja67ky left I st 1.09 0.69 -0.01 0.02 0.07 15.57 1.00 0.29 3 5. ', II 
Ja67MD right I st 0.26 0.19 1 0.00 0.03 1 0.07 15.13 0.99 0.98 13.10 
ja67nk right I st 0.95 0.76 0.01 0.02 0.06 16.00 1 1.00 0.22 28.05 
ja67nn left I st 1.31 1.02 0.00 0.01 0.07 17.78 1.00 0.23 37.72 
ja70aak]61 left I st 0.56 0.40 0.01 0.02 0.06 _ 16.86 1.00 0.15 20.75 
Ja70XU left I st 0.34 0.25 0.00 0.01 0.06 19.86 0.99 0.08 11.72 
Ja70GX left 2nd 1.29 0.93 0.00 0.01 0.07 14.89 1.01 0.34 56.31 
Ja67KD left 2nd 0.72 0.53 -0.02 0.01 0.07 1 15.33 1.00 0.26 39.48 
ja67ky left 2nd 0.88 0.57 0.00 0.01 0.07 16.17 1.00 0.24 28.45 
Ja67MD right 2nd 0.52 0.40 0.01 0.01 0.06 18.33 1.00 1 0.13 23.26 
ja67nk right 2nd 0.41 0.29 -0.01 0.01 0.06 18.00 1.00 0.20 28.35 
ja67nn left 2nd .6 1.31 -0.02 0.01 1 0.06 19.86 1.01 0.63 92.95 
jaMaakl6l, left 

_ 
2nd 0.90 1 0.55 1 -0.02 0.02 0.08 1 14.11 1.00 0.20 26.88 

Ja70XU left 2nd 0.59 1 0.43 1 0.00 0.03 0.06 1 19.00 1.00 _ 0.26 _ 
. 13 38.13 

Table 6.9 Intraobserver error test of roughness parameters: non-parametric test. N=8. 

Rq Ra 
Mnslop 
e HSC 

Peakn 
um 

Peakfr 
eq Rell MnDis 

Areadi 
s 

Mann-Whitney 30.000 29.000 13.500 25.000 30.000 27.500 24.000 28.000 17.000 u 
z -. 210 -. 315 -1.952 737 -. 211 -. 473 -. 840 -. 420 -1.575 
Exact Sig. 
[2*(l-tailed . 878(a) . 798(a) . 050(a) . 505(a) . 878(a) . 645(a) . 442(a) . 721 (a) .1 30(a) 
SigA m I I I 

a Not corrected for ties. 

b Grouping Variable: Recording 

6.8 Interobserver error 

6.8.1 Rouahness parameters 

The majority of roughness parameters for the common extensor origin dimension " 

demonstrated no statistically different values between observers using Mann-Whitne" 

U tests (Tables 6.10 and 6.11). This indicated that this method is robust and can be 
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widely used. 

Table 6.10 Descriptive statistics of parametric roughness parameters divided into 

observer I (Obs 1) and observer 2 (Obs 2). 

Obs N Minimum Maximum Mean Std. Deviation 
1 Rq 8 

. 
477 1.026 

. 
68538 

. 
169176 

Ra 8 
. 
311 

. 
774 

. 
48963 

. 
142557 

Skew 8 -2.712 -1.315 -1.86488 . 
464225 

Ku rt 8 5.046 14.784 7.32713 3.283570 
Mnslope 8 -. 015 -. 002 -. 00775 

. 
004652 

HSC 8 
. 
006 

. 
020 

. 
01013 

. 
005027 

Peaknum 8 
. 
053 

. 
078 

. 
06750 

. 
008468 

PeaklFreq 8 15.200 19.833 17.35663 1.686899 
Points 8 120 157 134.88 13.389 
Rellength 8 1.00397 1.01925 1.0103313 

. 
00490479 

Meandis 8 
. 
175 

. 
394 

. 
27913 

. 
097464 

Areadis 8 22.725 51.557 36.95488 10.922258 
Valid N (listwise) 8 

2 Rq 8 
. 
451 1.449 

. 
95350 

. 
393170 

Ra 8 
. 
221 1.088 

. 
63488 

. 
333905 

Skew 8 -6.318 -. 219 -3.10588 2.173913 

Kurt 8 5.674 59.395 23.08800 22.685006 

Mnslope 8 -. 052 -. 014 -. 02763 
. 
012282 

HSC 8 
. 
006 

. 
037 

. 
01463 

. 
010364 

Peaknum 8 
. 
057 

. 
076 

. 
06888 

. 
006058 

PeaklFreq 8 15.125 21.750 17.65625 2.340862 

Points 8 124 185 150.75 21.711 

Rellength 8 1.01235 1.03016 1.0224275 
. 
00736164 

Meandis 8 
. 
090 

. 
526 . 

27988 . 
134023 

Areadis 8 13.726 91.983 43.74550 26.174779 

Valid N (listwise) 18 1 1 11 

Table 6.11 Non-parametric tests for inter-observer error of roughness parameters. N= 

8. 

Rq Ra 
Mnslop 
e HSC 

Peaknu 
m 

PeakFr 
eq 

Meandi 
s Areadis 

Mann-Whitney U 22.000 26.000 15,000 24.000 28.500 31.000 30.000 30.000 

z 
-1.050 -. 630 -1.789 -. 854 -. 369 -. 105 -110 -. 210 

Exact Sig. [2*(l- 
tailed Sig. )] . 

328(a) 
. 
574(a) . 

083(a) . 
442(a) . 

721 (a) . 
959(a) 878(a) 

. 
878(a) 

a Not corrected forties. 

b Grouping Variable: Obs 
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6.9 Main Study: Materials 

Skeletal material from the late medieval site of Fishergate House, York (England), 

curated in the Department of Archaeology, Durham University, was used. The exact 
dates for the skeletons are as yet unknown, but the majority are thought to date to the 
late medieval period (mid-14th to mid-15th century AD) (Hoist 2005). The skeletal 

report on this site has been published (Hoist 2005) and it is thought that these 

individuals represent a group of society used to manual labour. This is represented by 

the presence of Schmorl's nodes, DJD, patterns of trauma and lack of size difference 

between right and left upper limbs (Hoist 2005). From previous research (Henderson 

2002) on these skeletons, it was known that there are a large number of 

enthesopathies. It was decided that these skeletons were ideal for testing a new system 
for recording enthesopathies, based on their prevalence in this skeletal assemblage. 

Only adult, male skeletons (n=43) were used to avoid the effects of development and 

hormones (sexual dimorphism) on entheses. Although a skeletal report has been 

published for this site, it was only used to determine the sex of the skeletons used in 

the present study. The skeletons were placed in two age categories: young adult and 

adult. Young adults were designated based on the visibility of epiphyseal fusion lines 

of late fusing epiphyses. Adults were those with fully fused late fusing epiphyses. It 

was decided that further subdivision of age was not appropriate for three reasons. 

Firstly, adult ageing is primarily based on degeneration of the skeleton, but 

enthesopathies are also a sign of degeneration and this would lead to circular 

arguments. Secondly, it was decided that the age categories would be too small for 

statistical analysis. Thirdly because this is a test sample to determine whether this new 

recording technique is viable, it was decided that the hypotheses to be tested did not 

require this subdivision. The influence of age was, therefore, not studied. The only 

scientific method to assess the effect of age would be to use a known age-at-death 

skeletal collection, but this was not the aim of this research. However, it age has 

recently been found to be the primary influence on enthesopathy formation and this 

must be remembered throughout Chapters 7,8 and 9. 
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6.10-Main Study: Methods 

This section will focus on the recording form used and the analysis of the data 

collected. The methods used for measurement, visual inspection and entheseal 

curvature assessment have been described above. Below is a schematic process flow 

chart indicating the method for digital data collection and surface roughness 

calculation (Figure 6.11). 
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Figure 6.11 Final process flow. 
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To record the enthesis roughness a 
profile gauge was placed against the 
surface to be measured in either the x 
or y axis. 



STAGE 1 

The skeletons used for this research are male skeletons from Fishergate House, York, 

England. These skeletons tend to have well-marked entheses. Three entheses on the 

upper limb were recorded for this study: supraspinatus, common extensor origin. and 
biceps brachii. In addition to the method described below, the presence of 

abnormalities was also recorded. 

STAGE2 

The line from the profile gauge representing the topography of the enthesis is 

transferred to paper and digitised. 

STAGE3 

This line is then "scanned" using a routine written for Matlab, which calculates the 

roughness parameters described in Table 6.10. 

6.10.1 Main Studv: Recordint! Form 

The recording form was created in an Excel spreadsheet and data were entered into 

this directly. The recording form was divided into three sections. The first section 

catalogues the age of the skeleton, the presence of enthesopathies and degenerative 

changes in the axial skeleton and lower limb. It also catalogues the presence of 

fractures, which may cause secondary enthesopathy formation. This section was also 

used to catalogue the presence of pathological changes which may indicate the 

presence of a bone forming disease. Specifically, these were changes around the 

sacroiliac joint, spinal ligament ossification, and foot and hand phalangeal anomalies. 

This section was also used to record photographs taken. Digital photographs were 

taken of any unusual change at any site for ftirther analysis later and to visually record 

some of the written descriptions. 

The second part of the recording form records the measurements of the humerus, 

along with the entheses of the humerus (as listed above). It also notes whether the 

skeleton is likely to have a bone forming disease based on the first section of the 

recording form. Section three records the measurements of the radius and ulna, as well 
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as the entheses of these bones (as listed above). These divisions were created using 
different worksheets in the main spreadsheet. See Appendix IV for all of the data, 
Appendix V presents the roughness values for each enthesis. 

6.10.2. Disease Identification: 

Chapter 5, the literature review of bone forming diseases, was used to create general 
diagnostic criteria for probable bone formers. The definition of bone former used in 

this research: I) the presence of unilateral or bilateral sacroiliac enthesopathy along 
with spinal ankylosis or 2) unilateral or bilateral sacroiliac enthesopathy with multiple 
spinal ligament ossification on 2 or more vertebrae. Cases of unilateral or bilateral 

sacroiliac joint enthesopathy with only one ligament (or joint capsule) are 

questionably bone formers, and should be counted as bone formers if there is 

enthesopathy presence at multiple appendicular sites or there are distal phalanx 

changes of either the hand or foot (see Table 6.12). It was decided that it would be a 

mistake to under-diagnose bone formers because their enthesopathies may differ in 

size or shape from those with other causes and affect the final classification of 

entheses. Skeletons not preserved well enough for disease presence to be determined 

were classified as undiagnosable and were not used in the final analysis. 

Table 6.12 General diagnostic criteria for bone forming diseases used in this study. Note 

that although changes to phalanges and carpals were recorded, these could not be used 
in the diagnostic criteria because of poor sample size due to preservation. 

Must fulfill the following General signs Description 
criteria 
1) The combination of these Spinal enthesopathy Occurring at any enthesis 
changes (as found typically in formation 
the seronegative Sacroiliac joint lesions Comprises: ankylosis, 
spondyloarthropathies) erosion of joint surface, 

adjacent ligament 
ossification 

2) Signs of fluorosis Abnormal bone density and (as found in fluorosis) 

osteosclerosis 
3) Signs of ochronosis ------T Blackened cartilage (as found in ochronosis) 
4) SiEns of acromegaly Cranial hypertrophy (as found in acromeEa 

_ 5) Signs of leprosy (see also Rhino-maxillary destruction (as found in leprosy) 
phalangeal deformity) 
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6.10.3_Main Study: Analvses Performed 

To test whether bone formers have more appendicular enthesopathies than non-bone 
formers; the frequency of enthesopathies in each recorded enthesis was determined for 

the normal and bone former groups. Normality tests (Shapiro-Wilk) were used and a 
Student's T-test was then used to determine whether the mean frequency of 

enthesopathies was greater in the bone forming group. This was also performed to 
determine if individuals with fractures had a greater frequency of enthesopathies 
because the trauma causing bone fracture (such as a fall) may lead to enthesis or soft 
tissue damage. 

To test whether the size of the enthesis correlates with the size of the bone, the data 

were first pooled by side (to increase sample size) and tested for normality using the 

Shapiro-Wilk normality test (SPSS). The measurements and indices of the humerus 

were tested for correlation, along with the measurements of the entheses of the 

humerus. This was repeated with the radius. It was expected that the enthesis size 

should correlate with local bone size for developmental reasons. The supraspinatus 

enthesis was expected to correlate with the size of the head of the humerus. The size 

of the common extensor origin was expected to correlate with the measurements of 

the condyle and epicondyle of the humerus. Finally, the biceps brachii insertion was 

expected to correlate with the medio-lateral diameter of the shaft, upon which it sits. 

The differences in size were tested between normal entheses, entheses with 

abnormalities and the entheses of bone formers to determine if they were statistically 

significantly different in size. This is expected because the size of an enthesis affects 

its ability to dissipate stress. This was also undertaken to determine whether 

separating the bone formers into their own group was justified. The data were divided 

into normal (no enthesopathy at the enthesis being studied), bone former (separated 

even in cases where no enthesopathy at the enthesis under study was present) and 

enthesopathy (non-bone former, but enthesopathy present at enthesis being studied). 

These data were separated by left and right, but right and left were pooled not by 

skeleton number, but by appearance of enthesis. This was performed for all three 
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entheses (common extensor origin, supraspinatus, and biceps brachh) measured. 
Normality tests (Shapiro-Wilk) were performed. Those deemed by the normaliv. test 
to be normal were compared using the Student's T-test. 

T-tests (or Wilcoxon signed rank for non-normal data) were performed to compare 
roughness parameters and size between left and right sides for all entheses recorded 
(this was performed separately for each enthesis). If no statistically significant 
differences at cc = 0.05 were found, then the data were pooled. The same tests were 

performed on all entheses comparing normal entheses with abnormal ones. The latter 

were then divided into groups based on whether the line bisected the anomaly or not. 
Unfortunately, sample sizes were too small to further subdivide the data depending on 

whether the anomaly was a bone spur, a lytic lesion, or abnormal unevenness of the 

surface. 

Discriminant function analysis was used on the three measured entheses divided into 

axis x and y to test the ability of the roughness parameters to distinguish between 

normal individuals, those with enthesopathies and bone formers. Several tests were 

performed with different categories of the data (Table 6.13). If sample sizes were too 

small, then not all tests were performed. SPSS 14 was used to determine which of the 

roughness parameters either alone or used together best distinguished between the 

groups. The results will be presented in chapter 7 and discussed in chapter 8. 

Table 6.13 Tests performed and categories, along with their definitions, used. 

Test Categories 
I =normal 2=abnon-nal (enthesopathý- Pýbone former 

not a bone former) 
2 1 =normal 2=abnormal (enthesopathy present, but not a bone former) 
3 1 a=no 4=enthesopathy intersected by profile gauge 

enthesopathy, 
or enthesopathy 
not intersected 
by profile 
gauge 
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4 1 =normal 21 =abnormal, 22= abnormal, 31= bone 33ýbone 
but but former, but former , %ith an 
enthesopathy enthesopathy either no enthesopathy 
not intersected intersected by enthesopathy, intersected by 
by profile profile gauge or enthesopathý profile gauge 
gauge not intersected 

by profile 
gauge 

6.11 SummaEy 

The aim of this chapter was to present a new method for recording entheses, which 

takes into account the normal anatomy and the aetiology of enthesopathies. It was 
important for this method to be simple, cheap, repeatable and quantitative. It was also 
decided that digitisation was important for storage of the data for future use and 

reanalysis. It was decided that the bones and entheses should be measured to record 

the size and the relationship between the size of the enthesis and the size of the 

individuals. Trials to digitally record surface curvature of entheses have been 

described along with the method finally used. The method for quantitative analysis 

has been discussed. It is important to note that because the curvature of the entheses is 

stored digitally other methods for quantifying this curvature can be employed. Finally, 

the statistical analyses performed on the final data set were presented. 
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Chapter 7. Results 

7.1 Introduction, 

The previous Chapter 6 demonstrated that the new method for recording and 

quantifying enthesis size and shape had low levels of both inter- and intra-observer 

error. The current chapter presents the results of the main study, using the skeletal 

material from Fishergate House, York, England. The aim is to determine whether the 
hypotheses presented in Chapter 6 are substantiated. This chapter is divided into the 

skeletal analysis which describes the age distribution of the sample, types and 
locations of enthesopathies, the presence of DJD, crude fracture prevalence and their 

relationship to enthesopathy presence, and finally, enthesopathy presence in bone 

formers. This provides a background to the sample and presents the possibilities of 

non-activity related aetiologies of enthesopathies in this sample. The second part of 

this Chapter presents the data on enthesopathies used to test the hypotheses. This 

section is divided into the visual recording of appendicular enthesopathies and their 

metric analysis. The following sections explore the relationship between 

enthesopathies and size and between size and roughness of the enthesis. Finally, the 

application of the roughness parameters to record and describe entheses and the 

ability of the roughness parameters to correctly classify the entheses will be presented. 

Discussion and interpretation of these results will be presented in Chapter 8. Unless 

otherwise stated, all statistical tests were performed using SPSS 14 with a 95 percent 

confidence interval selected for the calculation of statistical significance. 

7.2 Skeletal analysis 

The age distribution did not permit the analysis of enthesis morphology and 

enthesopathy formation by age. Age assessment of the sample, using the methods 

described in Chapter 6, indicated that there were 34 mature males, but only two young 

males. seven were of indeterminate age (total number of males was 43). The sample 

size differences would bias any results derived from this division. The reasons for this 
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were discussed in Chapter 6. However, studying the sample b,, age is necessarN in 

most studies because of the increased incidence of enthesopathies in older indk iduals 

(Benjamin et al. 2006). In a study of the relationship between physical stress and 

enthesopathy formation, this would be a serious concern and strict ageing criteria 

would be necessary. However, the aim of this study was to create a more systematic 

recording system and a quantitative method for interpretation of entheses type, so this 
is not of primary importance in the present study. For this reason age groups ýý ere 

pooled. 

The main purpose of this study was in the recording of enthesopathy presence. The 

results of the visual method for recording enthesopathies, based on their presence and 

absence, are presented in Table 7.1. This data is of particular interest because the most 

commonly affected enthesis is the subscapularis. Clinical research (Levitz and 

lannotti 1995) indicated that the most commonly affected enthesis should be the 

Supraspinatus, which is most commonly affected in rotator cuff tears. This will be 

discussed in Chapter 8. Table 7.2 and Figures 7.1 to 7.9 provide an insight into the 

types of enthesopathies found in these entheses. The category "Other" was used for 

abnormalities which did not fit into either main category. This included entheses with 

rippled surfaces, and in one case an entheses with the appearance of "an unfused 

epiphysis" (found in skeleton F 13, brachialis insertion, left side). 

Table 7.0 Percentage of enthesopathies present, based on visual recording. 

Number 
ercentage of bones Number Of with 

enthesopathies wit enthesopathies entheses 
present 

Supraspinatus 14 40 35.0% 
Common 
extensor 36 54 
origin 66.7% 
Subscapularis 35 46 76.1% 
Infraspinatus 22 42 52.4% 
Teres minor 14 38 36.8% 
Anconeus 18 54 3 3.33 % 
Common 25 58 flexor origin 43.1 % 
Biceps 34 52 brachii 65.4% 
Brachialis 26 63 1.3% 
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Triceps 
23 60 brachii 

IIý 
38.33% 

Table 7.1 Types of enthesopathy found. 

Common 
Supraspinalus extensor Biceps brachii 

origin 
No. of entheses 42 58 54 
present 
Proliferative 
lesions 4 330 16 

Destructive 
jesions 6 5 

Other 5 7 14 

Figure 7.1 Types of enthesopathy found in the other entheses under study. 
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Figures 7.2 - 7.9 Types of enthesopathy foun(L 
Figure 7.2. Proliferative bone and the margin of the common extensor origin on F73. 

right side. 

Figure 7.3 Exostosis at the margin of the biceps brachii insertion (F73, left). 

Figure 7.4 Porosity of the common extensor origin enthesis (F219, right). 
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Figure 7.5 Lytic lesion at the margin of common extensor origin (F70, left). 

Figure 7.6 Almost circular depression with well-rounded margins in the centre of the 
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common extensor origin (F67. ri-lit). I 



Figure 7.7 Biceps brachii insertion (F303, left) Nýith pitting and Nsoven neN% bone 

formation 

Figure 7.8 Brachialis (F13 left) enthesis with appearance similar to that of an unfused 

epiphysis. 
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Figure 7.9 Loss of normal, smooth enthesis surface. 

7.2.1 Dep-enerative Joint Disease 

The skeletons were also studied for the presence of DJD (Table 7.3), to compare 

degenerative joint changes with enthesopathy presence. Degenerative joint changes 

have been linked with occupation (for example Holst 2005; Lai and Lovell 1992) and 

age (Jurrnam 1999), both discussed in Chapter 2. Therefore, they may prove useful for 

the interpretation of enthesopathy formation in these skeletons. Table 7.3 

demonstrates that the crude prevalence of DJD in this population. It should be noted 

that no cases of eburnation were found, only osteophyte fon-nation and pitting. It is 

interesting to note that the left and right sides are almost equally affected by DJD 

(Holst 2005). This symmetry is worth noting for the discussion of pooling enthesis 

roughness data for the left and right sides (Section 7.3.1). ZD 
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Table 7.2 Degenerative joint disease, manifested by lipping, porosity, or osteophytosis. 

Joint n 1 DJD I DJD: ] Total 
frequency 

pe r 
N 

present 

N 

present 

1'eft ! j! ght U ft Right number of 
i 3ts in t s 

left right p re se in t r e s e1 
Shoulder 34/43 34/43 

1 

8 8 

1 

24% 24% 24 %Y( 00 4 0 0 
Ebow 

1 

35/43 35/43 3 3 9% 9% 9% '0 00 
Wrist/band 40/43 37/43 19 8 23% 22% 22 %V( 00 00 

Hip 37/43 38/43 6 7 16% 18% 17% 0 0 

Knee 

1 

37/43 38/43 8 

1 

7 22% 

1 

18% 00. 20 OVO 

Ankle/foot 
1 

34/43 

1 

32/43 23 23 

1 

68% 72% 

1 
0 00 700 70% x 

7.2.2 Fractures 

Fractures may be related to secondary enthesopathy formation caused by soft tissue 

rupture during the fracture event; joint damage and bone malalignment may also 

affect the stress at the enthesis. Fractures recorded in this study were those occurring 

in the upper limb and ribs. Rib entheses were not studied and, consequently, rib 

presence was not recorded. Rib fractures were recorded, however because they could 

be caused by falling (Dandy and Edwards 1999), in which case it is possible that the 

upper limb was used to break the fall. This could in turn cause soft tissue or enthesis 

damage (as discussed in Chapter 4). Due to the recording method, fracture frequencies 

are crude. Few fractures were found in the population (Table 7.4). In some entheses, 

enthesopathies were found three times as frequently in the fractured compared to the 

non-fracture groups (Table 7.5). Statistical analysis was not performed because the 

true prevalence rates were not calculated, only the frequencies for the total number of 

skeletons. 
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Table 73 Fractures: left and right sides pooled (crude frequencies presented). 
Location N Frequency by [ 

sý I 

l 

skeletons 
vvith 
fractums 

presen 

, 
no. skeletons 
(43)(%) 

Arrn 3 7% 
Ribs 

1 

14 28% 

1 

Other 6 14% 

Table 7.4 Enthesopathy frequency in skeletons with neither upper limb (arm and hand) 

nor rib fractures; in skeletons with upper limb fractures; and in skeletons with rib 
fractures. (abbreviations: Supra=sypraspinatus; CEO=common extensor origin; 
Subs=subscapularis; Infra=infraspinatus; Teres=teres major; CFO=common flexor 

origin; BB=biceps brachii; Brach ial=brachialis; and Triceps--triceps brachii) 

No 
Fractures 

Upper 
linb 

Ribs 

S upra 0.18 0.3' 0.41 
CEO 0.60 0.80 0.47 
Subs 0.79 1.00' 0.88' 
Infra 0.50' 0.71' 0.47' 
Teres 0.20 0.60 0.29 
Anconeus 

.1 0.29 0.33' 
CFO 0.24 0.29 OAT 
BB 0.53 1.00 0.64 

' BrachiaF- 0.2 0.33 0.40 
' Triceps 0.41 0.11 0.29 

7.2.3 Disease 

Twenty-six skeletons were found to be normal, i. e. not fulfilling the criteria for bone- 

forming diseases. Eleven were found to have possible bone forming diseases, i. e. a 

combination of sacroiliac joint changes and spinal enthesopathies. No cases of 

leprosy, ochronosis, acromegaly, or fluorosis were found. Some skeletons exhibited 

changes in the small bones of the hands and feet, which were recorded but not used to 

classify the skeletons (see Appendix 1). Four skeletons (F213, F92, F70, and 1-139) 
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were too poorly preserved to observe either the sacroiliac joints or the spine and were 

excluded from the study. 

'Fables 7.5 and 7.6 present the frequency of enthesopathies seen in each group. Four of 
the "bone fonners" were diagnosed with DISH or possible seronegatiN c 

spondyloarthropathy by Holst (2005). The other skeletons had combinations of spinal 
ligament and sacroiliac joint ossification, but no definite disease could be diagnosed. 

One of the primary hypotheses was that bone formers would have a greater number of 

appendicular enthesopathies than other skeletons. Table 7.7 demonstrates that the 

frequency of enthesopathies was consistently higher in the "bone formers". As can be 

seen in this figure, fewer enthesopathies occurred in the "normal" category than in the 

"bone formers". Chi-square tests demonstrated that there was a significantly higher 

frequency (p<0.001) of enthesopathies in the "bone formers" (Figure 7.10). Therefore 

this hypothesis was corroborated. Table 7.8 presents the significance for each 

enthesis. It should be noted that small sample sizes caused by poor preservation, 

particularly in the rotator cuff, may have biased the results. 

Table 7.6 Axial and lower limb enthesopathies in skeletons with no signs of bone- 

forming disease (non-bone formers) and skeletons with possible bone-forming disease 

(bone formers). Four skeletons whose preservation did not allow for diagnosis were 

excluded. 

Bn nP fo I it tIs .2 -ý2 'j., Q 

1-1 E: cl-ýflnition botirfnintris It LU thJ. `P '-'f 
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Table 7.7 Frequency of enthesopathies seen (left and right sides pooled). Number of 
enthesopathies found over number of entheses observable. 
Enthesis Non-bone formers 

(26 skeletons) 

I 

freauencv affected 

Supraspinatus 
Common extensor 
origin 
Subscapularis 
Inftaspinatus 
Teres minor 
Anconeus 
Common flexor origin 
Biceps brachii 
Triceps brachii 
Brachialis 

9/34(26%) 
22/39(56%) 

26/35(74%) 
17/36(47%) 
10/32(31%) 
10/40(25%) 
12/41 (29%) 
23/39(59%) 
11/41(27%) 
13/44(30%) 

5/6(83%) 
14/15(93%) 

8/11 (73%) 
5/6(83%) 
4/6(67%) 
8/14(57%) 
13/17(76%) 
11/13(85%) 
12/19 (633%) 
13/19(68%) 

Chi-square tests conducted on the data in Table 7.7 demonstrated that there was a 

significantly higher frequency (p<0.001) of enthesopathies in the "bone formers" (see 

Table 7.8). This is also presented in Figure 7.10. 

Table 7.8 Chi-square tests comparing the frequency of enthesopathies at different 

entheses between "bone formers" and "normal" skeletons. 

Enthesis Significant 
difference in 
frequency 

Comment (df--I) 

Subscapularis Frequency of enthesopathies higher 
in the non-bone formers (see graph 
above). p=0.9182, Chi2=0.01 I n=46, 

Supraspinatus X p=0.007 1, Chi2 =7.248, n=40 
Infraspinatus p=O. 1146, Chi 2=2.489, n=42 
Teres minor p=0.3570, Chi2=0 

. 848, n=38 
Common extensor 
origin 

X p=0.0099, Chi2 =6.646 ný54 

Anconeus X p=0.028 1, Chi2 =4.82 1, n=54 
Common flexor origin X p=0.00 10, Chi'=] 0.918, n=5 8 
Triceps brachii X p=0.007 1, Chi2 =7.249, n=60 
Brachialis X p=0.0040, Chi2 =8.274, n=63 
Biceps brachii I-I p=0.0092, Chi2 =2.832, n=42 
X= statistically significant (p<0.05) 

-= not significant (p<0.05) 

Bone formers (I I 
skeletons) frequency 
affected (%) 
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Figure 7.10 Graph of enthesopathy frequency, with left and right sides pooled, divided 
into "bone formers" (i. e. those with possible disease presence) and non-bone formers (= 

normal). Undiagnosable (those with spine and or sacroiliac joint absent) were excluded. 
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7.3 Measurements 

Normal 
Boneformer 

7.3.1 Left/Rip_ht Side Comparison of Bone Measurements 

The Student's T-test and Mann-Whitney's U (for non-normally distributed data) 

demonstrated that there were no significant differences in size between the left and 

right sides of the skeletons' upper arm (Tables 7.9 and 7.10), as well as lower arm 

bones (Tables 7.11 and 7.12). This was also found by Holst (1995). This lack of 

asymmetry (also found in the data on DJD), may indicate that these individuals were 

not undertaking occupations with high degrees of limb specificity, e. g. writing (as 

discussed in Chapter 2). The results of these tests indicated that left and right sides 

could be pooled to increase the sample size. If this were a study of the relationship 

between enthesopathy presence and activity, then this approach would be 

questionable. However, for the purposes of this study, it should not affect the results. 
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Table 7.9 Comparison of means of left and right sides of humeri. 

Independent Samples Test 

Leýene's Test for 
EquaMy of 
Variances t-test lior Equality of Means 

Sig. Std- Error 
F Sig. t df (2-tailed) Mean Differerice Ddleercm 

Humerus: maiiý length Equal variances assumed . 022 . 881 -. 476 46 M7 -279 5 862 

Equal variances not assurned -. 476 44.852 . 636 -179 5156 

Humerus: min circ Equal variances assumed . 133 . 716 -2564 62 -013 -2.67 1.040 

Equal variances not assurned -2.5113 61210 -012 -2-67 1.032 

Humerus vert head Equal variances assumed . 493 486 -1 398 45 A69 -125 895 

Equal variances not assurned -1.386 42.049 . 173 -125 903 

humerus: transverse head Equal vanances assumed . 148 702 -964 42 341 66 688 

Equal variances not assumed -968 42000 . 339 -66 685 

humerus: condylar width Equal variances assumed 254 . 616 -. 019 61 985 -. 01 . 738 

Equal variances not assumed -. 019 58.671 . 985 -. 01 742 

Robusticity Equal variances assumed . 513 478 -1 344 44 A86 -. 4628 34446 

Equal variances not assumed -1333 41189 190 -4628 34713 

Vertical head /transverse head Equal variances assumed . 001 982 448 41 . 657 -0054 . 01206 

Equal variances not assumed -448 40263 656 - 0054 01206 

Table 7.10 Mann-Whitney U test for differences in mean between left and right sides of 

the epicondylar width of the humerus. 

Test Statistics a 

humerus: 
epicondylar 

width 
Mann-Whitney U 472.500 

Wilcoxon W 1033.500 

z -. 730 

Asymp. Sig. (2-tailed) . 465 

Grouping Variable: side: left=I, right=2 
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Table 7.11 Comparison of means of left and right sides of radii and u1nae from 

Fishergate House, York. 

Independent Samples Test 

Levene's Test for 
Equakty of 
Variances t-test for Equality of Means 

Mean Sid Error 
F Sig. t iff Sig (2-tailed) Difference Diflei-ence 

A-P diameter Equal variances assumed ý000 ý997 -. 311 60 757 -15 469 

Equal variances not assumed -311 59,910 
. 757 -. 15 469 

M-L diameter Equal variances assumed . 150 . 700 -2.432 59 ý018 -ý99 A08 

Equal variances not assumed -2.440 58938 
. 018 -. 99 407 

Biceps: x Equal variances assumed . 010 922 400 54 691 . 41 1 ý026 
Equal variances not assumed 400 53922 

ý691 . 41 1.026 

Biceps: y Equal variances assumed . 334 ý566 1.633 52 
'108 1 A2 ý871 

Equal variances not assumed 1626 50.149 -110 1.42 874 

Ulna: max length Equal variances assumed 1.833 186 284 31 T78 127 4.458 

Equal variances not assumed 22% 29ý046 770 127 4280 

Ulna: least circumference Equal variances assumed . 868 . 357 -1.012 44 . 317 -. 78 . 773 

Equal vanances not assumed -1.012 391 DO . 318 -. 78 T73 

Table 7.12 Mann-Whitney U test of left and right sides of the lower arm. 

Test Statistics a 

A-P diameter Biceps: y 

Mann-Whitney U 417.500 282.000 

VVilcoxon W 882.500 633.000 

z -. 880 -1-420 

Asymp. Sig. (2-tailed) 
. 
379 

. 
156 

a Grouping Variable: side: left--1, right-2 

7.3.2 Comparison of measurements between normal and abnormal 

entheses 

Student's T-tests were used to compare the size of bones and entheses in individuals 

without enthesopathies (normal), with enthesopathies (abnormal) and bone formers. 

For the latter, all bone formers were included whether an enthesopathy was present or 

not. This was performed to test whether bone formers were in general different to the 

-normal- population. The "with enthesopathy" category included all those with 

enthesopathies, independent of whether the axis measured intersected the anomal). 

This was performed to test the hypothesis that enthesopathy presence was more 

common in smaller entheses because of their inability to efficiently distribute loading. 

I lowever, a preliminary study of the subscapularis insertion from disarticulated bone 
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(that was used to create the method) indicated that the opposite was true (Chapter 6). 

Therefore, the hypotheses tested were: 

Normal < With enthesopathies (abnormal) 

Normal < Boneformers 

With enthesopathies < Boneformers 

The results of this demonstrated that in the majority of cases (as can be seen in Tables 

7.13-7.16) normal bones were smaller than those of individuals with a bone-forming 

disease. This may represent developmental or environmental differences and will be 

discussed further in Chapter 8. 

Table 7.14 presents the data from the Student's t-tests demonstrating that the vertical 

head and transverse diameters of the head of the humerus and the epicondylar width 

were statistically significantly (at cc = 0.05) smaller in bone formers compared to 

normal individuals. Abnormal data were not compared in this manner because not all 

entheses had abnormalities and this may skew results; consequently, the data were 

subdivided by enthesis. In general, statistically significant (at cc = 0.06) differences in 

measurement of the bones existed between the normal and abnormal entheses and 

between the normal and bone formers. Fewer differences were present between the 

abnormal entheses and the bone formers. The measurements of the axes of the 

entheses generally demonstrated size differences between the groups classified. This 

will be discussed in Chapter 8. 
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Table 7.13 Comparison of means for size of humerus between normal individuals and 
individuals with bone-forming disease. 

Independent Samples Test 

t-test for Equality of Means 

Sig. (2-tailed) (pvalue 
divided tyy 2 for 

t df unidirecbonal analysis) Mean Drfferencie 
Humerus max length Equal variances assumed -IA08 45 083 -1006 

Equal variances not assumed -1.910 25.659 
. 
034 -110ý06 

Humerus: min circ Equal vanances assumed -593 58 278 -. 76 

Equal variances not assumed -747 39474 
. 
230 -. 76 

Humerus: vert head Equal variances assumed -2.013 42 
. 
025 -2.20 

Equal variances not assumed -2.074 12.937 
. 
029 -2.20 

humerus transverse head Equal variances assumed -2.810 39 004 -2-22 
Equal variances not assumed -3.625 20.796 

'001 -222 
humerus: condylarvwidth Equal variances assumed -1 488 58 

. 071 -1.26 
Equal variances not assumed -1.627 32.029 057 -126 

humerus: epioondylar vvidth Equal variances assumed -2.021 58 
. 
024 -2.31 

Equal variances not assumed -2126 26.327 
. 
022 -2.31 

Robusticity Equal variances assumed 1.019 43 
. 157 

. 
4511 

Equal variances not assumed 1.467 24.729 
. 
078 

. 
4511 

Vertical head /transverse head Equal variances assumed -. 339 38 368 -, 0053 

Equal variances not assumed -. 292 9.274 388 -0053 

Table 7.14 Sides pooled: Supraspinatus Student's t-test comparison of mean size between 

different classifications of entheses. 

Measurement normal 
<enthesopathy 

normal < bone 
former 

abnormal < bone 
former 

Humerus: max length Yes Yes No 
Humerus: min circ No No No 
Humerus: vert head Yes Yes No 
humerus: transverse head Yes Yes No 
humerus: condylar width Yes Yes No 
humerus: epicondylar 
width 

Yes Yes No 

Supra: x Yes Yes Yes 
Supra: y No No No 
Robusticity No No No 
Verthead/transhead Yes No No 
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Table 7.15 Sides Pooled: Common Extensor Origin: Student's Mest comparison of mean 
size between different classifications of entheses. 
Measurement normal 

<enthesopathy 
normal < bone 
former 

abnormal < bone 
former 

_Humerus: 
max length No Yes No 

_Humerus: 
min cire No No No 

_Humerus: 
vert head No Yes No 

humerus: transverse head No Yes Yes 

_humerus: 
condylar width No No No 

humerus: epicondylar 
width 

No Yes No 

_CEO: 
x Yes Yes No 

_CEO: 
y Yes Yes No 

Robusticity No No No 
Verthead/transhead No No No 

Table 7.16 Sides Pooled: Biceps brachii: Student's t-test comparison of mean size 
between different classifications of entheses. 

Measurement normal 
<enthesopathy 

normal < bone 
former 

abnormal < bone 
former 

Radius maximum 
length 

Yes No No 

Radius A-P diameter No No No 
Radius M-L diameter No No No 
Radial shaft index No No No 
Radio-humeral index No No No 
Modified calliper 
index 

No No No 

_ Ulna max length No No No 
Ulna circumference No No No 
Biceps brachii x Yes Yes Yes 

1 Biceps brachii y Yes Yes Yes 

7.3.3 Test of correlation between bone measurements and enthesis 

measurements 

The test of the correlation between bone measurements and enthesis measurements 

was, in part, intended to determine whether enthesis development and bone 

development were connected, as discussed in Chapter 6. Normality tests were 

performed (Appendix 111) and Pearson correlation coefficients were used if the data 

were normal to test for linear correlation between these measurements. Spearman's 

rho was used for non-parametric data. Table 7.18 demonstrated that the supraspinatus 

axcs x and v did not statistically significantly correlate with expected structures. 
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Instead, the supraspinatus axis x correlated with condylar width whilst supraspinaw 
axis y correlated with minimum circumference. Both axes correlated with robusticitN - 
The common extensor origin axes correlated with all measurements of the humerus, 
but not the indices. This was unexpected. The biceps brachii axis x demonstrated a 
statistically significant linear correlation with the medio-lateral diameter of the radius, 
but no other correlations were found for either axis. Tables 7.17-7.20 demonstrate that 
there is correlation between the size of entheses (as measured in this study) and the 

size of the long bones to which they attach. 

Table 7.17 Humerus All (excluding undiagnosed skeletons), with left and right sides 

pooled (X = Bonferroni adjusted 0.05 cc = 0.042). 

Table 7.18 As above but Spearman's rho for Supraspinatus y. 

Head humer humer humeru Humer [fume index: Humeru 
us : rus: us: us: s: Supr Rob 

vertical s: max . min vert 
transv condyl epicond a: x ustic head length 

cire head erse ar ylar ity /transverse head width width head 

Correlat 
ion 
Coeffici 

. 
419(** 0.20 

. 
483( 

Spes Supr ent -0.068 0.071 0.225 0.241 0166 1 **) -0.228 
r- y Sig. (2- 0.22 0.00 
man' tailed) 0.686 0.008 0.669 0.188 0144 0307 6 2 0.18 
s rho N 38 39 39 36 38 40 38 37 36 

Correlation is significant at the 0.01 level (2-tailed). 

Correlation is significant at the 005 level (2-tailed)- 
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Table 7.19 Radius: All (including undiagnosed skeletons), with left and right sides 
pooled. Pearson correlation coefficients. 

Correlations 

Radius: Ulna: Radio- 
M-L Biceps: I-Ina: least 

max max Humeral 
diameter x circumference 

length length index 

Pearson 

Correlation 0.096 
. 
322(*) 1 -0.012 0.186 -0.186 Biceps: 

Sig. (2- 
x 

tailed) 0.573 0.016 0.951 0.256 0.307 

N 37 55 56 27 39 32 

Correia ion is significant at the 0.05 level (2-tailed); Correlation Is significant at the 0.01 level 

(2-tailed) 

Table 7.20 Radius: All (including undiagnosed skeletons), with left and right sides 

pooled. Spearman's rho. 
Correlations 

Radius: Vina: Radio- 
A-P M-L Biceps: Biceps: I-Ina: least 

max max Ilumeral 
diameter diameter x y circumference 

length length index 

Correlation 

Coefficient 
Biceps: 0.143 0.156 

-363(**) 
1 . 529(**) 0.056 0.166 -0.135 

x Sig. (2- 

tailed) 0.398 0.255 0.006 0 0.781 0.314 0.461 

N 37 55 55 56 54 
1 

27 39 32 

Correlation 

Coefficient 
Biceps: 0.324 0.111 0.172 

. 
529(**) 1 0.002 0.185 -0062 

y Sig. (2- 

tailed) 0.054 0.428 0218 0 0.994 0.274 0.739 

N 36 53 53 54 54 26 37 31 

Correlation is significant at the 0.01 level (2-tailed). 

Correlation is significant at the 0.05 level (2-tailed). 

7.4 Roughness parameters 

7.4.1 Comparison of guantitative analysis of enthesis surface 

roughness between left and rillht sides 

The comparison of the values of roughness parameters between left and right sides of 
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each enthesis axis was performed to determine whether the left and right side 

roughness parameters could be pooled. Tests of normality were conducted using 
Shapiro-Wilk. Means of left and right sides were compared, from un-paired samples, 

consequently, normally distributed data were tested using Student's t-test, non- 

parametric data were tested using Wilcoxon rank sum. No statisticallY significant ((x = 
0.05) differences were found between left and right sides. This conforms to the lack of 
difference in size between the left and right sides of these skeletons. These findings 

will be discussed in Chapter 8. 

Table 7.21 Statistical test of difference between left and right sides for the roughness 

parameters. Statistical significance at (x = 0.05. X indicates that no statistically (95 

percent confidence level) significant differences were found. 

Roughness 
parameters 

Supra- 
spinatus X 

Supra- 
spinatus Y 

Common 
Extensor 
0 

Common 
Extensor 
Origin Y 

Biceps 
brachii X 

Biceps 
brachii Y 

Rq X X X X X X 
Ra X X X X X X 
Mnslope X X X X X X 
HSC X X X X X X 
Peaknum X X X X X X 
Peakfreq X X X X X X 
Rellength X X X X X X 
Meandis X X X X X X 
Areadis X X X X X X 
FFTRq X X X X X X 

7.4.2 Test of correlation between enthesis measurements and 

roup_hness parameters 

Left and right side data were pooled based on the results from the tests described 

above. The enthesis measurements were then tested for correlation between their size 

and the values of the roughness parameters. This was performed because the size of 

an enthesis should affect its ability to dissipate stress and it was hypothesised that the 

roughness of the enthesis would also measure the amount of available surface for 

stress dissipation. Parametric data (as determined by normality tests, see Appendix 

were tested for linear correlations using Pearson's correlation coefficient, whereas 

nonparametric data were tested with Spearman's rho. The results of this analysis are 

presented in Table 7.22. This analysis demonstrated that the majority of roughness 
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parameters do not correlate with the size of the enthesis (Table 7.22). However, where 

statistically significances (at cc =0.05) were found, then the data were plotted and a 
linear fit performed (using the software program Origin 7). This was used to 
determine if outliers were affecting the data (Figures 7.11-7.23). If outliers ýýCre 

visible, then these were removed and the data were re-tested for correlation (using the 

tests described above). 

Table 7.22 Pearson correlation coefficients used to test whether the enthesis dimensions 

correlation with the roughness parameters. (p. c. c= Pearson correlation coefficient). NB: 

Axis does not intersect anomaly = all normal entheses along with abnormal and bone 

formers whose curve did not intersect an enthesopathy. 

Enthesis and axis Correlations Comments 
Supraspinalus X: all None 
Supraspinatus X: axis None 
does not intersect 
anomaly 
Supraspinatus X: axis None 
intersects anomaly 
Supraspinatus Y: all None 
Supraspinatus Y: axis None 
does not intersect 
anomaly 
Supraspinalus Y: axis None 
intersects anomaly 
CEO X: all Peak number (p. c. c = -0.459, p= 

0.00 1, n= 46) 
CEO X: axis does not Peak number (p. c. c = -0.500, p= 
intersect anomaly 0.025, n= 20) 
CEO X: axis intersects Peak number (p. c. c = -0.455, p= 
anomaly 0.020, n= 26) 
CEO Y: all Rq of FFT (p. c. c. = 0.432, p= 

0.002, n= 48) 
CEO Y: axis does not Peak frequency (p. c. c. = 0.382, p= All plots demonstrate 
intersect anomaly 0.03 1, n= 32), Peak number linear significance, except 

(p. c. c. = -0.5337, p=0.002, n= for the comparison with 
32), Rq of FFT (p. c. c. = 0.394, p= HSC, which is probably 
0.026, n= 32), HSC (rho = -0.578, affected by outliers (Figure 

n= 32) 7.15) 
CEO Y: axis intersects none 
anomaly 
Biceps brachii X: all Peak number (p. c. c. = -0.279, p= HSC linear fit is not 

0.043, n= 53), HSC (rho = -0.377, statistically significant 
P 0.005, n=53), area 
displacement (rho = 0.491, p 
0.000, n= 53) 
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Enthesis and axis Correlations Comments 
Biceps brachii X: axis HSC (p. c, c. = -0.646, p=0.005, n With the removal of 
does not intersect = 17), Peak number, (p. c. c -- outliers F233 left and F 147 
anomaly (category I a) 0.62 1, p=0.008, n 17), Area left, then the correlation 

displacement (p. c. c 0.593), p- with area displacement is 
0.012, n- 17) no longer significant 

Biceps brachii X: axis Mean slope (p. c. c. -0.345, p- Neither correlation Is 
intersects anomaly 0.039' n- 36), Area displacement significant with the outliers 
(category 4) 

- 
(rho - 0.415, p=0.0 12, n= 36) removed 

Biceps bruchii Y: normal None 
Biceps brachii Y: axis None 
does not intersect 
anomaly 
Biceps brachii Y: axis None 
intersects anomaly 

Figure 7.11 Linear fit demonstrating correlation between common extensor axis X (MM2) 

and peak number. 
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Figure 7.12 Linear fit for Rq of FFT over length of common extensor origin axis y 
(M M 

2). 
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Figure 7.13 Linear fit for peak frequency over length of common extensor origin axis y 
(MM2). 
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Figure 7.14 Linear fit for peak number over length of common extensor origin axis 
(MM2). 
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Figure 7.15 Linear fit for HSC over length of common extensor origin axis Y (MM2). 
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Figure 7.16 Linear fit for area displacement over length of Biceps brachii axis X (MM2). 

Areadisplaceinent 
Linear Fit of BfBx_Areadisplaceinent 

120 

100 

80 

c a) 
E 
W 60 

cl- 

40 

20 

0 

Peaknumber 
I 

Linear Fit ofCEOyl_Peaknumberl 

r=O 38965 
p=O 0043 

222 

12 13 14 15 16 17 18 19 

Common extensor origin axis y (mm ) 

68 10 leý 14 16 is 20 22 24 

Bicpes brachii axis x (mm-) 



Figure 7.17 Linear fit for HSC over length of Biceps brachii axis x (mm 2 
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Figure 7.18 Linear fit for peak number over length of Biceps brachii axis X (MM2). 
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Figure 7.19 Linear fit for peak number over length of Biceps brachii axis x (m M) fo r 

category Ia (axis not intersecting anomaly). 
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Figure 7.20 Linear fit for area displacement over length of Biceps brachii axis X (MM2) 
for category Ia (axis not intersecting anomaly). 
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Figure 7.21 Linear fit for HSC over length of Biceps brachii axis X (Mrn2) for categorv la 

(axis not intersecting anomaly). 
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Figure 7.22 Linear fit for mean slope over length of Biceps brachii axis x (mm) for 
category 4 (axis intersecting anomaly). 
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Figure 7.23 Linear fit for area displacement over length of Biceps brachii axis x (m M) 
for category 4 (axis intersecting anomaly). 
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7.4.3 Roughness parameters' use in distinguishinji normal and 

abnormal entheses 

This section and sub-sections present the discriminant function analysis data. This 

was performed to determine whether the roughness parameters were appropriate for 

the task of classifying entheses according to the presence of enthesopathies or bone- 

forming conditions. The tests performed and the reasoning behind the category 

designations were described in Chapter 6. If discriminant function analysis 

demonstrates that the roughness parameters can be used to differentiate between these 

categories, then it demonstrates that further research using these parameters can 
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be undertaken. For a discussion of these results and in particular which of the 

roughness parameters were best at describing entheses, see Chapter 8. Each enthesis 
axis will be presented separately. In each sub-section tables will present the best 

classification results, Box's M, Eigenvalues, Wilks' lamda and a table of the 

classification results. Further tables, including standardised canonical discriminant 

function coefficients can be found in Appendix 111. 

7.4.3.1 Discriminant function analysis: Supraspinalus X 

The supraspinatus axis x data were divided into three categories, as described in 

Chapter 6. Using just two roughness parameters 97.1 percent (33 of 34) were correctly 

classified. One hundred percent correct classification could be achieved, but required 

more than double the number of parameters, for this reason the data using just two 

parameters were explored (Tables 7.23-7.26). Box's M was significant which violates 

the test for homoscedasticity, but this test is sensitive to a number of factors and the 

discriminant analysis can be robust even if violated. It is, therefore, assumed that the 

analysis is valid, despite this drawback. The eigenvalues for both ftinctions indicate 

that they are both important for the discriminant function and the Wilks' lambda is 

significant indicating that the model is discriminating. Finally, the overall 

classification table demonstrates that only one enthesis is incorrectly classified 

(skeleton F 120, left side). 

Table 7.23 Supraspinatus dimension x. 3 categories (I = normal, 2= abnormal, 3= "bone 

former"). 

Correctly 
Box's M 

Variables assigned Comment 
p-value 

Relative length and area 
displacement p=0.000 97.10% 

Rq, Ra, relative length, 

rea displacement, and Rq 

f FFT p=0.000 100% 
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Table 7.24 Supraspinatus axis x discriminant function analysis results using roughness 
parameters: relative length and area displacement. 

Eigenvalues 

Canonical 
Function Eigenvalue % of Variance Cumulative % Correlation 
1 5629.371 a 100.0 100.0 1.000 
2 1.652a 

.0 100.0 
. 789 

a. First 2 canonical discriminant functions were used in the 
analysis. 

Table 7.25 Supraspinatus axis x discriminant function analysis results using roughness 

parameters: relative length and area displacement. 

Wilks'Lambda 

Wilks' 
Test of Function(s) Lambda Chi-square df Sig. 
1 through 2 

. 
000 293.137 4 . 000 

2 
. 
377 29.741 1 

. 000 

Table 7.26 Supraspinatus axis x discriminant function analysis results using roughness 

parameters: relative length and area displacement. Classification Results (a). 

Status 3tier Predicted Group Membership Total 

1 2 3 

Original Count 1 21 0 1 22 

2 0 9 0 9 

3 0 0 3 3 

%1 95.5 .0 4.5 100.0 

2 .0 100.0 .0 100.0 

3 
II .0 I .0 I 

100.0 100.0 
II 

(a) 97.1 % of original grouped cases correctly classified. 

To determine if the roughness parameters could distinguish between entheses in 

which the profile gauge intersected an anomaly (category 4) and in which it did not 

(category I a), the data were divided into two categories. However, only six out of 28 

entheses could be included in category 4 and only 66.7 percent (four out of six) of 

these were correctly classified. Nevertheless, this demonstrated that area displacement 

alone was a good parameter for discriminating between these categories. as can be 
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seen from the significance of Box' M and Wilks' lambda (Tables 7.27-7.30). The 

sample sizes were too small to subdivide the data into five categories (Chapter 6). 

Table 7.27 Supraspinatus dimension x. 2-categories; (I=anomaly not present or not 
intersected by profile gauge, 4=anomaly present and intersected by profile gauge). 

Correctly 
Box's M p- 

Variables assigned Comment 
value 

Only 66.7% (4/6) of 
Area category 4 correctly 
displacement ). 779 85.30% classified 

Only 66.7% (4/6) of 
Sample size too category 4 correctly 

All small 88.20% classified 

Table 7.28 Supraspinatus axis x2 category discriminant function analysis. Roughness 

parameter used: Area displacement. 

Eigenvalues 

Function Eiqenvalue 
I% 

of Variance Cumulative % 
Canonical 
Correlation 

1 
. 6083 1 100.0 100.0 . 615 

a- First 1 canonical discriminant functions were used in the 
analysis. 

Table 7.29 Supraspinatus axis x2 category discriminant function analysis. Roughness 

parameter used: Area displacement. 

Wilks'Lambda 

Test of Function(s) 

1 Wilks' 
Lambda Chi-square df Sig. 

1 
- 622 14.960 . 

000 
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Table 7.30 Supraspinatus axis x2 category discriminant function analysis. Roughness 

parameter used: Area displacement. 

Classification Resultd 

Predicted Group 
Status 2tier (1=norm; Membership 
4=intersect) 1 4 Total 

Original Count 1 25 3 F87 
4 2 4 

%1 89.3 10.7 100.0 
14 33.3 66.7 100.0 

a- 85.3% of original grouped cases correctly classified. 

7.4.3.2 Discriminant function analysis: Supraspinatus Y 

The Supraspinatus axis y data were divided into three categories, as described in 

Chapter 6. Using just two roughness parameters 75 percent were correctly classified, 
but category 2 were very poorly classified with only two out of eight correct. The 

addition of three further parameters (Rq, mean slope and area displacement) increased 

the correct classification by one enthesis, to three out of eight. However, Wilks' 

lambda indicated that the model was not discriminating. It was decided that the bone 

formers may have skewed the results and the process was repeated using categories I 

(normal) and 2 (abnormal). Using a combination of the roughness parameters (Tables 

7.31-7.39) 93.5 percent of entheses included were correctly assigned and Wilks' 

lambda indicated that the model was discriminating. 

Table 7.31 Supraspinatus dimension y3 categories. 

Variables 
Box' M p- 

value 

Correctly 

assigned (%) 
Comment 

91.3% of category I correctly 

assigned, 25% of category 2 
HSC, Ra 0.188 75% 

correctly assigned, and 80.0% of 

category 3 correctly assigned 

91.3% of category I correctly 
HSC, Ra, Rq, Mean 

assigned, 37.5% of category 2 
slope, and Area 0 77.80% 

correctly assigned, and 80% of 
displacement 

category 3 correctly assigned 
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Table 7.32 Supraspinatus dimension y3 category. Eigenvalues. HSC, Ra, Rq, mean slope 
and area displacement. 

Eigenvalues 

Canonical 
Function Eigenvalue % of Variance Cumulative % Correlation 
1 

. 5065 80.2 80.2 . 580 
2 

.1 25a 19.8 100.0 . 333 
a- First 2 canonical discriminant functions were used in the 

analysis. 

Table 7.33 Supraspinatus dimension y3 category. Wilks' Lambda. HSC, Ra, Rq, mean 

slope and area displacement. 

Wilks'Lambda 

Wilks' 
Test of Function(s) Lambda Chi-square df Sig. 
1 through 2 

. 
590 16.344 10 . 090 

2 
. 889 3.652 4 . 455 

Figure 7.34 Supraspinatus dimension y3 category. Canonical discriminant functions. 

HSC, Ra, Rq, mean slope and area displacement 

Standardized Canonical Discriminant Function Coefficients 

Function 
1 2 

HSC 1.004 -. 405 
Ra 

. 
579 -. 116 

Rq 
. 
056 1.386 

Mean slope -. 188 . 740 
Area displacement -. 015 -1.002 
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Figure 7.35 Supraspinatus dimension y3 category. Classification result. HSC, Ra, Rq, 
Mean slope and Area displacement. 

Classification ResultI 

Predicted Group Me bership 
Status 3 tier 1 2 3 Total 

Original Count 1 21 1 1 23 
2 5 3 0 8 
3 1 0 4 5 

%1 91.3 4.3 4.3 100.0 
2 62.5 37.5 

.0 100.0 
13 20.0 

.0 80.0 100.0 
a. 77.8% of original grouped cases correctly classified. 

Table 7.36 Supraspinatus axis y. Normal (category 1) and abnormal (category 2), bone 

formers excluded. 

Variables 
Box' M p- 

value 

Correctly 

assigned 
Comment 

Rq, skewness, Ra, 

kurtosis, peak 
93.5% 

frequency and mean 0.565 

displacement 

Table 7.37 Supraspinatus axis y. Normal (category 1) and abnormal (category 2), bone 

formers excluded. Discriminant function analysis using: Rq, skewness, Ra, kurtosis, 

peak frequency and mean displacement. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 868(a) 100.0 100.0 . 682 

(a) First I canonical discriminant functions were used in the analysis. 
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Table 7.38 Supraspinatus axis y. Normal (category 1) and abnormal (category 2), bone 
formers excluded. Discriminant function analysis using: Rq, skewness, Ra, kurtosis, 

peak frequency, and mean displacement. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 
. 
535 16.246 6 

. 
012 

Table 7.39 Supraspinatus axis y. Normal (category 1) and abnormal (category 2), bone 
formers excluded. Discriminant function analysis using: Rq, skewness, Ra, kurtosis, 

peak frequency, and mean displacement. 

Classification Results (a) 

Predicted Group Membership 

Status 3 tier 2 Total 
I 

1 22 1 23 
Count 

278 
Original 

% 
1 95.7 4.3 100.0 

2 12.5 87.5 100.0 

(a) 93.5% oforiginal grouped cases correctly cla-ssiricd. 

To determine if the roughness parameters could distinguish between entheses in 

categories ]a and 4, the same tests were conducted. Despite an overall high 

percentage of correctly assigned cases, only 33.3% (3 out of 9) were correctly 

classified (Tables 7.40 and 7.44). Neither this nor the eigenvalues (Table 7.41) nor 

Wilks' lambda (Table 7.42), indicated that this was a successful method for 

classification and this will be discussed in Chapter 8 (Table 7.43 presents the structure 

matrix). Subdivision into five categories could not be performed because of small 

sample sizes. 
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Table 7.40 Supraspinatus dimension y 2-categories. 

Variables Box' M p- Correctly assigned Comment 
value (%) 

96.3% of categorN I correct]% 
RqofFFT 0.478 75.0% assigned, but only 11.1% of 

category 4 correctly assigned. 
Rq of FFT 96.3% of category I correctly 
Relative length, 0.179 80.6% n, no assigned, but only -333 /o of 

_Peak 
frequency category 4 correctlý assigned. 

Table 7.41 Supraspinatus dimension y 2-categories. Eigenvalues. Rq of FIFT, relative 
length, and peak frequency. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % 

Canonical 

Correlation 

1 .1 72(a) 100.0 100.0 . 383 

(a) First 1 canonical discriminant tunctions were used in the analysis. 

Table 7.42 Supraspinatus dimension y2 category. Wilks' lambda. Rq of FFT, relative 

length, and peak frequency. 

Wilks'Lambda 

Test of Function(s) 
Wilks' 

Lambda Chi-square df Si 
1 

. 
853 5.157 3 . 

161 

Figure 7.43 Supraspinatus dimension y2 category. Structure matrix. Rq of FFT, 

relative length, and peak frequency. 

Structure Matrix 

Function 

Rq of FFT 
. 
905 

Relative length 
. 901 

Peak frequency 
. 184 

Pooled within-groups correlations between discriminating 
variables and standardized canonical discriminant functions 
Variables ordered by absolute size of correlation within function. 
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Figure 7.44 Supraspinatus dimension y2 category. Classification results using Rq of 
FFT, relative length, and peak frequency. 

Classification Resultd 

Predicted Group 
Memb rship 

Status 2tier 1 4 Total 
Original Count 1 26 1 27 

4 6 3 9 
%1 96.3 3.7 100.0 

14 66.7 33.3 100.0 

a. 80.6% of original grouped cases correctly classified. 

7.4.3.3 Discriminant function analysis: Common extensor orip_in x 

The same approach was used for the common extensor origin axis x. However, there 

were a greater number of entheses present in all categories making it possible to use 

subdivisions not possible for the supraspinatus insertion. Initially, division into three 

categories was performed, as described in Chapter 6, and discriminant function 

analysis was performed using different combinations of variables. Overall 

classification was poor (Table 7.45), but eigenvalues (Table 7.46) and Wilks' lambda 

(Table 7.47) indicated that the first function of the model has statistically significant 

discriminating power. This can be seen in Figure 7.24 and in the classification results 

(Table 7.48) as good classification for categories I and 2, with only the third being 

poorly classified. Removal of the final category (the bone formers) led to an improved 

overall classification, with an increase to 82.9 percent, but the canonical correlation of 

the eigenvalue indicates that the relation between the categories and the function is 

not strong, whilst Wilks' lambda is significant (at cc = 0.05), indicating that the model 

is discriminating. The classification results indicate that both categories were well 

classified using these parameters (Tables 7.49-7.52). 
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Table 7.45 Common extensor origin 3 category (I = normal, 2= abnormal and 3= bone 

former) classification results. 

Variables Box' M p- Correctly Comment 
value assigned (%) 

Relative length p=0.313 50.00% 

53.8% of category 3) 
Relative length, area correctly assigned (7 
displacement and P=0.000 70.80% cases), rest of these 
mean displacement assigned as category 2 

(6 cases). 
Relative length, area No improvement for displacement, mean p=0.002 72.90% 

category 3) from above displacement and Ra 
Relative length, area 
displacement, mean pý0.022 75.00% No improvement for 

3 displacement, Ra and category ) from above 
mean slope 

Table 7.46 Common extensor origin axis x. 3 categories. Eigenvalues for discriminant 

function analysis using Relative length, area displacement, mean displacement, Ra, and 

mean slope. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
669(a) 92.9 92.9 

. 
633 

2 . 
05 1 (a) 7.1 100.0 . 

220 

(a) First 2 canonical discriminant functions were used in the analysis. 

Table 7.47 Common extensor origin axis x. 3 categories. Wilks' lambda for discriminant 

function analysis using Relative length, area displacement, mean displacement, Ra, and 

mean slope. 

Wilks'Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 2 . 
570 24.171 10 

. 
00, 

2 . 
951 2.138 4 

. 
710 
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Figure 7.24 Common extensor origin axis x. 3 categories. Canonical discriminant 
functions using Relative length, area displacement, mean displacement, Ra, and mean 
slope. 
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Table 7.48 Common extensor origin axis x. 3 categories. Canonical discriminant 

functions classification results using Relative length, area displacement, mean 

displacement, Ra, and mean slope. 

Classification Results (a) 

I Predicted Group Membership 

Status 3 category 3 Total 
i2 

I 11 14 12 1 0 16 

Count 2 3 15 1 19 

Original 
3 0 6 7 13 

- - 
1 87.5 12.5 .0 

T, 0 0 0 

% 2 15.8 78.9 5.3 100.0 

1 13 .01 46.2 53.8 100.0 

(a) 75.0% of original grouped cases correctly classified 
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Table 7.49 Common extensor origin axis x. Categories I and 2 (category 3 is removed). 
Eigenvalues for discriminant function analysis using Rq, skewness, kurtosis, Ra, and 
area displacement. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I 
. 
480(a) 100.0 100.0 

. 
570 

(a) First I canonical discriminant functions were used in the analvsis. 

Table 7.50 Common extensor origin axis x. Categories I and 2. Wilks' lamda for 

discriminant function analysis using Rq, skewness, kurtosis, Ra, and area displacement. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 . 676 11.964 5 
. 
035 

Table 7.51 Common extensor origin axis x. Categories I and 2. Standardised canonical 

discriminant function coefficients for discriminant function analysis using Rq, skewness, 

kurtosis, Ra, and area displacement. 

Standardized Canonical Discriminant Function Coefficients 

Function 

Rq -. 090 

Skewness 1.646 

Kurtosis 2.029 

Ra 1.479 

Area displacement -1.151 
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Table 7.52 Common extensor origin axis x. Categories I and 2. Classification results for 

discriminant function analysis using Rq, skewness, kurtosis, Ra, and area displacement. 

Classification Results (a) 

Predicted Group Membership 

Status 3 category 2 Total 
I 

1 15 1 16 
Count 

25 14 19 
Original 

1 93.8 6.3 100.0 

2 26.3 73.7 100.0 

(a) 82.9% of original grouped cases correctly classified. 

Just two roughness parameters (relative length and mean displacement) were required 

to correctly assign categories ]a and 4 in 79.2 percent of cases. The canonical 

correlation of the eigenvalues and Wilks' lamda indicate the strength of the model. 
There is no link between misclassification and status as a bone former (as can be seen 
in Table 7.53-7.56, Appendix 111). 

Table 7.53 2 category classification results. 

Box's p- Correctly 
Variables 

value assigned 
Relative length and 

pý0.025 79.20% 
mean displacement 

Table 7.54 Common extensor origin axis x. 2 categories. Eigenvalues for discriminant 

function analysis using Relative length and mean displacement. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
566(a) 100.0 100.0 . 

601 

(a) First I canonical discriminant functions were used in the analysis. 
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Table 7.55 Common extensor origin axis x. 2 categories. Wilks' lambda for discriminant 
function analysis using relative length and mean displacement. 

Wilks'Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 
. 639 20.176 2 

. 000 

Table 7.56 Classification Results (a). Common extensor origin axis x. 2 categories. 
Relative length and mean displacement. 

Status 2 
category 

Predicted Group 
Membership Total 

1 4 
Original Count 1 16 4 20 

4 6 22 28 
%1 80.0 20.0 100.0 

4 21.4 78.6 100.0 
kd) / u. z-lo ot originai groupea cases correcuy classmea. 

Finally, the entheses were subdivided into five categories (I = normal; 21 = abnormal, 
but enthesopathy not intersected by the profile gauge; 22 = abnormal, with the 

enthesopathy intersected by the profile gauge; 31 = bone former with no enthesopathy 

or enthesopathy not intersected by the profile gauge; and 33 = bone former with 

enthesopathy intersected by the profile gauge). Although the overall classification 

may appear poor, the Wilks' lamda indicates that the model is discriminating. Further 

study of the classification results reveals that all entheses are correctly classified in 

over 60 percent of cases. However, it should be noted that the sample sizes of 

categories 21 and 31 are small and caution should be exercised in interpreting these 

results (Tables 7.57-5.60). 

Table 7.57 Common extensor origin axis x5 category classification results. 

Variables Box' M p- Correctly Comment 
value assigned 

Relative length and VO. 28 62.50% 100% of category 21 
area displacement classified as cate I 

rAll I P=0.000 68.80% 
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Table 7.58 Common extensor origin axis x. 5 categories. Eigenvalues for discriminant 
function analysis using all roughness parameters. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

1 1.1 16(a) 49.9 49.9 
. 
726 

2 
. 
817(a) 36.6 86.5 

. 
670 

3 
. 
218(a) 9.8 96.3 

. 
423 

4 
. 
083(a) 3.7 100.0 

. 
279 

(a) First 4 canonical discriminant functions were used in the analysis. 

Table 7.59 Common extensor origin axis x. 5 categ 

function analysis using all roughness parameters. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda 

I through 4 . 
197 

2 through 4 
. 
417 

3 through 4 . 
758 

ories. Wilks' I 

Chi-square df 

64.140 40 

34.542 27 

10.962 16 

imbda for discriminant 

Sig. 

. 009 

. 151 

. 912 

4 . 
923 3.166 7 

. 
869 
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Table 7.60 Common extensor origin axis x. 5 categories. Classification results for 
discriminant function analysis using all roughness parameters. 

Class ifi cation Results (a) 

Predicted Group Membership 

Status 5 category Total 33 
1 21 22 31 

1 13 03 0 0 16 

21 010 0 0 1 

Count 22 50 11 0 2 18 

31 001 2 0 3 

33 202 6 10 
Original 

1 81.3 .0 18.8 .0 .0 100.0 

21 .0 
100.0 

.0 .0 .0 
100.0 

% 22 27.8 
ýO 

61A 
.0 

11.1 100.0 

31 
.0 .0 

33.3 66.7 
.0 

100.0 

33 20.0 
.0 

20.0 
.0 

60.0 100.0 

(a) 68.8% oforiginal grouped cases correctly classified. 

7.4.3.4 Discriminant function analysis: Common extensor origin v 

Discriminant function analysis was performed on common extensor origin axis y in 

the same manner as for the other entheses. Overall, three tier classification appeared 

to fit reasonably well (Tables 7.61-7.63) and Wilks' lambda indicated that the first 

function provides a discriminating model. However, there is considerable overlap in 

the cases, as visually demonstrated in Figure 7.25 and the classification results in 

Table 7.64 indicate that this model is poor at discriminating the normal entheses. 
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Table 7.61 Common extensor origin axis y. 3 category classification results. 

Variables Box' M p- 
value 

Correctly 
assigned 

Comment 

66.7% of 
category 1, 

All P=0.000 66.00% 75.0% of 
category 2, and 
5 33.3 % of 
category 3 

Rq of FFT, Overall better 

mean slope, classification, 

peak number, p=0.013 68.00% but category I is 
only 60.0% 

and area correctly displacement 
classified 

Table 7.62 Common extensor origin axis y. 3 categories. Eigenvalues for discriminant 

function analysis using: Rq of FIFT, mean slope, peak number, and area displacement. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
499(a) 80.4 80.4 

. 
577 

2 . 
12 1 (a) 19.6 1 () (). () 

. 
329 

(a) First 2 canonical discriminant functions were used in the analysis. 

Table 7.63 Common extensor origin axis y. 3 categories. Wilks' lambda for discriminant 

function analysis using: Rq of FIFT, mean slope, peak number, and area displacement. 

Wilks'Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 2 . 
595 23.640 8 

. 
003 

2 . 
892 5.214 3 

. 
157 
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Figure 7.25 Common extensor origin axis y. 3 categories. Canonical discriminant 
functions using: Rq of FFT, mean slope, peak number, and area displacement. 
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Table 7.64 Common extensor origin axis y3 categories. Classification results for 

discriminant function analysis using: Rq of FFT, mean slope, peak number, and area 
displacement. 

Classification Results (a) 

Status 3 category ý 

2 

91 3 3 15 

Count 2 4 14 2ý 20 

Original 
3 1 3 11 15 

1 60.0 20.0 20.0 

% F2 20.0 70.0 10.0 100.0 

1 31 6.7 1 20.0 1 73.3 1 100.0 

, 
(a) 68.0% of original grouped cases correctly classified. 

When divided into two categories the overall classification results are good using only zn C. ) 
four roughness parameters, but category four is poorly classified (Tables 7.65-7.68). 

The Box's M indicates internal covariation, which is not surprisincy given that some of 1ý It) 

Predicted Group Membership 

--'Total 13 
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the roughness parameters measure similar features of the enthesis. The canonical 

correlation of the eigenvalues does not indicate that there is a strong relation between 

the categories and the function, but Wilks* lamda indicates that the model is 

discriminating. 

Table 7.65 Common extensor origin axis y. 2 category classification results. 

Variables Box's M 
p-value 

Correctly 
assigned Comment 

Only 65.7% 
HSC, peak (11/17) of 
number and Rq category 4 
of FFT 

- 
P-0.000 86.0% correctly c assified 

HSC, peak 
number, Rq of 
FFT and peak 
frequency P=0.000 88.0% as above 

Table 7.66 Common extensor origin axis y. 2 categories. Eigenvalues for discriminant 

function analysis using: HSC, peak number, Rq of FFT, and peak frequency. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
515(a) 100.0 100.0 

. 
583 

(a) First I canonical discriminant functions were used in the analysis. 

Table 7.67 Common extensor origin axis y. 2 categories. Wilks' lambda for discriminant 

function analysis using: HSC, peak number, Rq of FIFT, and peak frequency. 

Wilks'Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 . 
660 19.116 4 

. 
001 
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Table 7.68 Common extensor origin axis y. 2 categories. Classification results for 
discriminant function analysis using: HSC, peak number, Rq of FFT, and peak 
frequency. 

Classification Results (a) 

Predicted Group Membership 

Status 2 category 4 Total 
I 

1 33 0 33 
Count 

46 11 17 
Original 

1 100.0 
.0 100.0 

4 35.3 64.7 100.0 

(a) 88.0% oforiginal grouped cases correctly classified. 

Sample sizes for each category were fairly large even when divided into five 

categories (defined above). Overall classification results were poor and Box's M 

demonstrated that there was internal covariation (Tables 7.69-7.72). Wilks, lambda 

and the eigenvalues demonstrated that the model was of some success and the 

roughness parameters appear to be able to correctly classify entheses in the majority 

of these cases. This will be discussed further in Chapter 8. 

Table 7.69 Common extensor origin axis y5 categories: classifications. 

Variables Box' M 
p-value 

Correctly 
assigned Comment 

50% (4/8) of category 

All P=0.000 64.00% II -3-3 and only 42.9% 
(3/7) of category 31 
correctly classified 

HSC, peak number, This improves 
Rq of FFT, peak classification of 
frequency, mean p=0.008 62% category 31 to 71.4% 
displacement and (5/7) correctly 
mean slope classified 
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Table 7.70 Common extensor origin axis y. 5 categories. Eigenvalues for discriminant 

function analysis using all roughness parameters. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

1 1.127(a) 60.8 60.8 
. 728 

2 . 450(a) 24.3 85.1 
. 557 

3 . 192 (a) 10.4 95.4 . 402 

4 . 085(a) 4.6 100.0 . 280 

(a) First 4 canonical discriminant functions were used in the anai)rSiS. 

Table 7.71 Common extensor origin axis y. 5 categories. Wilks' lambda for discriminant 

function analysis using all roughness parameters. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 4 . 251 57.418 40 . 037 

2 through 4 . 533 26.105 27 . 513 

3 through 4 . 773 10.679 16 . 829 

4 . 922 3.380 7 . 848 
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Table 7.72 Common extensor origin axis y. 5 categories. Classification results for 
discriminant function analysis using all roughness parameters. 

Classification Results (a) 

Predicted Group Membership 

Status 5 category Tota I 33 
1 21 22 31 

1 12 20 1 0 15 

21 470 0 0 11 

count 22 116 0 1 9 

31 030 3 1 7 

33 211 0 4 8 
Original 

1 80.0 13.3 
.0 6.7 

.0 
100.0 

21 36.4 63.6 
.0 .0 .0 

100.0 

% 22 11.1 11.1 66.7 
.0 

11.1 100.0 

31 
.0 

42.9 
.0 

42.9 14.3 100.0 

33 25.0 12.5 12.5 
.0 

50.0 100.0 

(a) 64.0% oforiginal grouped cases co rrectly classified. 

7.4.3.5 Discriminant function analysis: Biceps brachii x 

The biceps brachii insertion was studied, as described in Chapter 6. When divided 

into three categories, the roughness parameters were not ideal for discriminant 

function analysis. The percentage of correctly assigned in total (Table 7.73) and by 

category (Table 7.76) was poor. The canonical correlation of the eigenvalue indicated 

that neither function demonstrated a strong relation between category and function, 

whilst Wilks' lambda was statistically significant for the first function (Tables 7.74 

and 7.75), indicating that the model was discriminating. However, it was decided that 

it was likely that a better performance could be achieved without the bone formers 

and so these were removed for the next analysis. This analysis proved more successful 

with higher overall classification results (Tables 7.77- 7.79) and an increased 

statistical significance of Wilks' lambda (Table 7.78). 
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Table 7.73 Biceps brachii axis x. 3 category discriminant function analysis results. 

Variables 
Box's 
M P- 
value 

Correctly 
assigned (%) Comment 

Peak number, mean 
Only 58.3% (7/11) of 

slope, peak frequency, category I and 33.3% (5/15) 

relative length, and mean 
0.092 66.00% correctly classified, but 88.50, o 

displacement. (23/26) of category 2 correctly 
classified 

Peak number, mean As above for category 1, but 
slope, peak frequency, 0.092 66.00% improved to 40.0% (6/15) for 
relative length, and HSC category 3 

Table 7.74 Biceps brachii axis x discriminant function analysis using roughness 

parameters: Peak number, mean slope, peak frequency, relative length, and HSC. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
365(a) 90.4 80.4 

. 
517 

. 
089(a) 19.6 100.0 

. 
286 

(a) First 2 canonical discriminant functions were used in the analysis. 

Table 7.75 Biceps brachii axis x discriminant function analysis using roughness 

parameters: Peak number, mean slope, peak frequency, relative length, and HSC. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 2 . 
673 19.016 10 

. 
040 

2 . 
918 4.087 4 

. 
394 
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Table 7.76 Biceps brachii axis x discriminant function analysis using roughness 

parameters: Peak number, mean slope, peak frequency, relative length, and HSC. 

Classification Results (a) 

Predicted Group Membership 
Status 3-categories Total 

1 2 3 

7 4 1 1 

Count 2 1 22 3 26 

3 1 8 6 15 
Original 

1 58.3 33.3 8.3 10 0.0 

%2 3.8 84.6 11.5 100.0 

3 6.7 53.3 40.0 100.0 

(it) 66.0% ol'original grouped cases correctly classificd. 

Table 7.77 Biceps brachii axis x. Categories I (normal only) and 2 (all abnormal). 

Results of discriminant function analysis using Rq, Ra, meanslope, HSC, mean 

displacement, area displacement, and Rq of FFT. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 674(a) 100.0 100.0 . 635 

(a) First I canonical discriminant functions were used in the analysis. 

Table 7.78 Biceps brachii axis x. Categories I (normal only) and 2 (all abnormal). 

Results of discriminant function analysis using Rq, Ra, meanslope, HSC, mean 

displacement, area displacement and, Rq of FFT. 

Wilks'Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 . 
597 16.237 7 

. 
023 
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Table 7.79 Biceps brachii axis x. Categories I (normal only) and 2 (all abnormal). 
Results of discriminant function analysis using Rq, Ra, meanslope, HSC, mean 
displacement, area displacement, and Rq of FIFT. 

Classification Results (a) 

Predicted Group Membership 

Status 3-categories 2 Total 
I 

174 
Count 

21 25 26 
Original 

1 63.6 36.4 100.0 

2 3.9 96.2 100.0 

(a) 86.5% of original grouped cases correctly classified. 

It was hypothesised that the best discrimination should be made between the 

categories ]a and 4, as discussed in Chapter 6. Overall classification results seemed 

positive (Table 7.80), but the canonical correlation of the eigenvalues indicated that 

the relation between the categories and the function was not strong, but Wilks' 

lambda indicated that the model was significant (Tables 7.81 and 7.82). Category 4 

membership was almost universally correctly classified, but just under half of the 

entheses in category Ia were incorrectly classified (Table 7.83). 
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Table 7.80 Biceps brachii axis x. 2 category (1a and 4) discriminant function anah, sis 

results. 

Box's 
Correctly 

Variables M P- 
assigned 

Comment 

value 
Only 43.8% (7/16) of 
category Ia correctlý 

All 0.004 78.0% classified 
Rq of FFT, mean slope, Only 337.5% (6,116) of 
relative length and peak category ]a correctly 
frequency 0.000 78.0% classified 
Rq of FFT, mean slope, Only 4 33.8 % (7/16) of 
relative length and mean category ]a correctly 
displacement 0.000 78.0% classified 
Rq of FFF, mean slope, 
relative length, mean 
displacernent and area 50% of category ]a correctly 
displacement 0.001 80.00% classified 
Rq of FFT, mean slope, 
relative length, mean 
displacement, Rq and 5 6.3) % of category Ia 

peak frequency 0.004 1 82.00% correctly classifie d 

Table 7.81 Biceps brachii axis x. 2 category (1a and 4) discriminant function analysis 

using roughness parameters: Rq of FIFT, mean slope, relative length, mean 

displacement, Rq, and peak frequency. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

1 .331 
(a) 100.0 100.0 . 

499 

(a) First I canonical discriminant functions were used in the analysis. 

Table 7.82 Biceps brachii axis x. 2 category (1a and 4) discriminant function analysis 

using roughness parameters: Rq of FFT, mean slope, relative length, mean 

displacement, Rq, and peak frequency. 

Wilks'Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 . 
751 12.883 6 . 

045 
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Table 7.83 Biceps brachii axis x. 2 category (la and 4) discriminant function anal"'sis 
using roughness parameters: Rq of FFT, mean slope, relative length, mean 
displacement, Rq, and peak frequency. 

Classification Results (a) 

Predicted Group Membership 

Status 2 category 4 Total 
I 

197 16 
Count 

42 32 34 
Original 

1 56.3 43.8 100. 

4 5.9 94.1 100.0 

(a) 82.0% oforiginal grouped cases correctly classified. 

Further subdivisions of the data into five categories were tested, to determine whether 

the effect of pooling data from entheses with anomalies intersected by the profile 

gauge and those not. However, the sample size of categories 21 and 31 were very 

small compared to that of category 22. This must be bome in mind when the results of 

this study are interpreted. The overall highest classification achieved with the 

roughness parameters was 60 percent (Table 7.84), but Wilks' lambda was not 

significant indicating that this model was not discriminating (Table 7.85). The 

canonical correlation of the eigenvalues on the other hand indicated that some 

functions were related to categories, but the individual category classification 

indicates that the model is not ideal (Table 7.86). 

Table 7.84 Biceps brachii axis x5 category discriminant function analysis using all 

roughness parameters. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
845(a) 54.1 54.1 . 

677 

2 . 
463(a) 29.7 83.8 

. 
563 

3 . 
218(a) 13.9 97.7 

. 
423 

4 . 
036(a) 2.3 100.0 

. 
186 

(a) First 4 canonical dis criminant functio ns were used in t he anak-sis. 

252 



Table 7.85 Biceps brachii axis x5 category discriminant function analysis using all 

roughness parameters. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 4 . 
294 50.836 40 

. 
117 

2 through 4 
. 
542 25.425 27 

. 
551 

3 through 4 . 
793 9.636 16 

. 
885 

4 
. 
965 1.462 7 

. 
984 

Table 7.86 Biceps brachii axis x5 category discriminant function analysis using all 

roughness parameters. 

Classification Results (a) 

Predicted Group Membership 
Status 5 category Total 

1 21 22 31 33 

1 604 1 0 11 

21 21 0 3 

Count 22 22 17 0 2 23 

31 001 1 0 2 

33 7 4 11 
Original 

1 54.5 
.0 

36.4 9.1 
.0 

100.0 

21 .0 
66.7 33.3 

.0 .0 
100.0 

% 22 8.7 8.7 73.9 
.0 

8.7 100.0 

31 .0 .0 
50.0 50.0 

.0 
100.0 

33 .0 .0 
63.6 

.0 
36.4 100.0 

(a) 60.0% of original grouped cases correctly classified. 

7.4.3.6 Discriminant function analvsis: Biceps brachii 

The approach described in Chapter 6, was applied to biceps brachii axis y (Tables 

7.87-7.93). Despite fairly high overall classification results, Wilks, lambda indicated 

that the best classifying model was not discriminating. Box's M also indicates that the 

categories were not homoscedastic and that covariance matrices were significaritk, 
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different. This may explain these results. However, as can be seen in Table 7.94.92 

percent of category 2 is correctly classified. For this reason it was decided to re- 
attempt discriminant function analysis using the categories I and 2 (excluding all 
bone formers), but although category 2 membership classification improved there was 
no improvement in category 1. Nevertheless, Wilks' lambda was significant 
indicating that the model was discriminating. 

Table 7.87 Biceps brachii axis y3 category classification using discriminant function 

analysis. 

Box's Correctly 
Variables M P- assigned Comment 

va lue 

P- 0.00 Only 41.7% (5/12) of category 
All 0 72.0% correctly classified. 
Rq, Ra, IISC, relative 
length, peak number, mean 
displacement, area Only 46.2% (6/1 3 3) of category 
displacement and Rq of P= 0.00 I and 33.3% (4/12) of category 
FFT 0 66.0% correctly classified. 
Rq, Ra, HSC, mea n slope, 
relative length, peak 
number, mean 
displacement, area 
displacement and Rq of p= 0.00 Only 33.3% (4/12) of category 
FFT 0 72.0% correctly classified. 

Table 7.88 Biceps brachii axis y. 3 category discriminant function analysis results using 

Rq, Ra, HSC, mean slope, relative length, peak number, mean displacement, and area 

displacement. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
607(a) 76.6 76.6 . 

615 

2 . 
185 (a) 23.4 100.0 . 

395 

(a) First 2 canonical discriminant functions were used in the analý sis. 
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Table 7.89 Biceps brachii axis y3 category discriminant function analysis results using 
Rq, Ra, HSC, mean slope, relative length, peak number, mean displacement and area 
displacement. 

Wilks' Lambda 

"Fest of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 2 . 
525 27.717 18 

. 
067 

2 . 
844 7.311 8 

. 
503 

Table 7.90 Biceps brachii axis y. 3 category discriminant function analysis results using 
Rq, Ra, HSC, mean slope, relative length, peak number, mean displacement, and area 

displacement. 

Classification Results (a) 

Predicted Group 

Status 3-categories (1=normal, 2=abnormal, Membership 
Total 

3=BF) 3 
12 

1 9 2 2 13 

COunt 2 2 23 0 25 

3 1 7 4 12 
Original 

1 69.2 15.4 15.4 10 (). 0 

%2 92.0 0 100.0 

3 8.3 58.3 33.3 100.0 

(a) 72.0% oforiginal grouped cases correctly classified. 

255 



Table 7.91 Discriminant function analysis results for Biceps brachii axis y categories I 

(normal) and 2 (abnormal). 

Box's Correctly 
Variables M P- assigned Comment 

value 
Only 54.5% (6/11 ) of category I 
correctly classified, with 100% 

All 86.50% of category 2 correctly classified 
Rq, area displacement, 

mean slope and Rq of Only 45% (5/6) of category I 
FIFT 0.028 83.80% correctly classified 
Ra, Rq, area 
displacement, mean 
slope, mean 
displacement, Rq of 
FFT, and HSC 0.027 86.50% 

Table 7.92 Biceps brachii axis y. Categories I (normal) and 2 (abnormal). Discriminant 

function analysis results using Ra, Rq, area displacement, mean slope, mean 

displacement, Rq of FFT, and HSC. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I . 
674(a) 100.0 100.0 . 635 

(a) First I canonical discriminant functions were used in the analysis. 

Table 7.93 Biceps brachii axis y. Categories I (normal) and 2 (abnormal). Discriminant 

function analysis results using Ra, Rq, area displacement, mean slope, mean 

displacement, Rq of FIFT, and HSC. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 . 
597 16.237 7 

. 
023 
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Table 7.94 Biceps brachii axis y. Categories I (normal) and 2 (abnormal). Discriminant 
function analysis results using Ra, Rq, area displacement, mean slope, mean 
displacement, Rq of FFT, and HSC. 

Classification Results (a) 

Predicted Group Membership 

Status 3-categories 
2 Total 

I 

74 
Count 

21 25 26 
Original 

1 63.6 36.4 100.0 

2 3.8 96.2 100.0 

(a) 86.5% ol'original grouped cases correctly classified. 

Discriminant function analysis of two categories was expected to perform best for ail 

enthesis axes, as discussed in Chapter 6. However, Box's M was significant (Table 

7.95), indicating lack of covariation between matrices and the canonical correlation of 

the eigenvalue was low, indicating a lack of relationship between the function and the 

categories. Nevertheless, each enthesis was correctly classified in over 60 percent of 

cases and Wilks' lambda indicated that the model was discriminating (Tables 7.96- 

7.98). 

Table 7.95 Biceps brachii axis y2 category classification using discriminant function 

analysis. 

Box's M Correctly 
Variables assigned Comment 

p-value 

category . 3) has 69.6% (16/23) 
correctly assigned as opposed All 
to only 60.9% (14.2-33) using 

72.0% HSC, peak frequency and Ra 
HSC, peak frequency, 
Ra p=0.003 76.0% 
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Table 7.96 Biceps brachii axis y. 2 categories. Discriminant function analysis results 
using HSC, peak frequency, and Ra. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

I 
. 
298(a) 100.0 100.0 

. 
479 

(a) First I canonical discriminant functions were used in the analysis. 

Table 7.97 Biceps brachii axis y. 2 categories. Discriminant function analysis results 
using HSC, peak frequency, and Ra. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

1 
. 
770 12.134 3 

. 
007 

Table 7.98 Biceps brachii axis y. 2 categories. Discriminant function analysis results 

using HSC, peak frequency, and Ra. 

Classification Results (a) 

Predicted Group 

Status 2 category (I a=not intersected, Membership 

4=intersected) 4 
Total 

I 
Count 

4 
Original 

I 

4 

(a) 76.0% oforiginal grouped cases correctly classified. 

24 27 

14 23 

88.9 11.1 100.0 

39.1 60.9 100.0 

There was a fairly even distribution of entheses in each of the five categories (defined 

in Chapter 6), except for category 3 1, which consisted of only three entheses. Overall 

classification was poor, perhaps because of the violation of homoscedasticity, as can 

be seen from Box's M (Table 7.99). The canonical correlation of the eigenvalue of the 

first function was strong, but none of the functions had a statistically significant 

Wilks' lambda indicating that model was not discriminating (Tables 7.100-7.102). 
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Table 7.99 Biceps brachii axis y5 category classification using discriminant function 

analysis. 

Box's Correctly 
Variables M P- assigned Comment 

value 

categories 31 and 33 correctly 
assigned in only 3.33.3% of 

all 58.0% cases (1/3 and 3/9 respectively) 
HSC, area displacement category 3) 1 correctly classified 
and Rq of FFT P=0.000 54.0% in 0% of cases 
HSC, area displacement, 
Rq of FFT, Rq, peak 
number, mean 
displacement and peak category 31 correctlý classified 
frequency p=0.000 58.0% in 0% of cases 

Table 7.100 Biceps brachii axis y. 5 categories. Discriminant function analysis results 

using all roughness parameters. 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

1 . 
841 (a) 58.1 58.1 . 

676 

2 . 
349(a) 24.1 82.2 . 

509 

3 . 
195 (a) 13.5 95.7 . 

404 

4 . 
063(a) 4.3 100.0 . 

243 

(a) First 4 canonical discriminant functions were used in the analysis. 

Table 7.101 Biceps braehii axis y. 5 categories. Discriminant function analysis results 

using all roughness parameters. 

Wilks' Lambda 

Test of Function(s) Wilks' Lambda Chi-square df Sig. 

I through 4 . 
317 47.686 40 

. 
189 

2 through 4 . 
584 22.348 27 

. 
719 

3 through 4 . 
787 9.927 16 

. 
870 

4 
. 
941 2.533 7 

. 
925 
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Table 7.102 Biceps brachii axis y. 5 categories. Discriminant function analysis results 
using all roughness parameters. 

Classification Results (a) 

Status 5-categories (I=normal, Predicted Group Membership 

21=abnormal not intersected, 
33 Total 

22=abnormal intersected, 31=BF not 1 21 22 31 
intersected, 32 BF intersected) 

1 8 2 1 2 L, 

21 1 8 2 0 0 11 

Count 22 2 2 9 0 1 14 

31 0 1 1 1 0 3 

33 1 1 4 0 3 9 
Original 

1 61.5 15.4 7.7 
.0 

15.4 100.0 

21 9.1 72.7 19.2 
.0 .0 

100.0 

% 22 14.3 14.3 64.3 
.0 

7.1 100.0 

31 
.0 

33.3 33.3 33.3 
.0 

100.0 

33 11.1 11.1 44.4 
.0 

33.3 100.0 

(a) 58.0% of original grouped cases correctly classified. 

7.4.3.7_Discriminant function analysis: SumMary 

Discrimmant function analysis of the entheses by axis demonstrated that the 

roughness parameters can be used to distinguish between categories of enthesis. Some 

models were better than others, but sample size and covariance will have affected the 

results. The roughness parameters were not discussed at length in this chapter, but will 
be in Chapter 8. 

7.5 Summary 

This chapter has demonstrated that the new recording method can be applied to three 

entheses and that the roughness parameters can be used to describe the surfaces. It 

also demonstrates the importance of taking into account factors other than activitv- 

related stress when analysing enthesopathy presence. Enthesopathies have higher 
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frequencies in individuals with fractures and in individuals with possible disease 

presence (categorised as bone formers). In this sample there ýkas %, er\ little difference 
in size, DJD presence or roughness parameters between left and right sides of the 

skeleton. This enabled data to be pooled without the concern that side differences may 
be affecting the results. Difference in size of bone and enthesis were found between 

the normal skeletons and those with abnormalities. This was expected, as discussed in 

Chapter 6. However, differences in size were not expected between normal skeletons 

and bone formers, or between abnormal skeletons and bone formers. This 

demonstrated that, in general, skeletons with enthesopathies were larger than those 

without and that their entheses were also larger. Bone formers were largest of all. This 

will be discussed in Chapter 8. The measurements of the entheses studied compared to 

that of bones were correlated in unexpected ways, as described above. Development 

of entheses requires further study to elucidate the causes of these findings. 

Correlations were tested between the size of entheses and the values of the roughness 

parameters. Statistically significant correlations were found and will be discussed in 

context in Chapter 8. Finally, the discriminant function analysis demonstrated that 

roughness parameters have a value as descriptors of enthesis shape. Interestingly, 

these also distinguish between normal skeletons and bone fori-ners. This was another 

unexpected finding, but again demonstrates the importance of distinguishing between 

different causes of enthesopathy formation. Chapter 8 will discuss all these findings in 

relation to the chapters on acti v ity -related stress in bioarchaeology, anatomy of 

entheses and aetiology of enthesopathies. 
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Chapter 8. Discussion 

The initial concept of this dissertation involved the use of anonymous medical records 

with radiographs to determine the relationship between life histories and enthesopath., " 
formation. However, the National Health Service (NHS) in Britain does not collect 

and retain information on occupation or activity patterns. This was, consequently, not 

possible. 

8.1 Introduction 

This research had two aims: firstly, to determine whether MSM can be used as 

indicators of physical activity by bioarchaeologists and, secondly. to develop a new 

recording method for MSM. The first aim was studied using literature reviews 

covering bioarchaeological understandings of MSM (and other indicators of activity) 

and clinical data on entheses and enthesopathy formation. This aim was achieved. It 

was found that enthesopathies cannot be used alone as indicators of physical activity. 

Their aetiology is complex and not fully understood clinically. However, it is known 

that many diseases can contribute to their formation making this one of the most 

important factors to be considered by bioarchaeologists. This was a primary factor to 

be taken into account in the new recording method. Simplicity is often the key to the 

adoption of new recording methods; for this reason the new method developed had to 

be simple, cheap, repeatable and ideally quantitative. To achieve the second aim, 

several pilot studies were performed to test different recording methods. It was 

decided early on that a visual method was vital to record the different types of 

enthesopathy that occur. Visual study of the entheses also determined that the shape 

of the enthesis should be recorded. For this reason methods were developed which 

recorded the size of the enthesis and its curvature. Following this, roughness 

parameters used by material scientists were applied to the enthesis curvature to 

determine which were most applicable for the description of enthesis shape and for 

the differentiation between normal entheses and those with enthesopathies. Chapter 7 

presented the results of this analysis and this secondary aim was fulfilled. It ýý ill be 

discussed in detail in the present chapter. 
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8.2 First Aim: Necessity of the Research for Bioarchaeology 

If archaeology is the study of culture in the past, then bioarchaeology is the use of 
bioarchaeological artefacts in this search. Human skeletal remains, without doubt, are 
the best means to understanding human behaviour at the individual and population 
level. Skeletons, unlike any other artefact are remnants of individuals who lived in the 

past, so should be the starting point for any archaeological research where skeletal 

remains are found. Those studying markers of occupational stress (MOS) have, in 

some cases used these as markers of specific activities (e. g. rowing; Hawkey and 
Merbs 1995); whereas others have used them as indicators of changes in the larger 

population (e. g. subsistence pattern changes; Bridges 1989). This (and the discussion 

in Chapter 2) is a clear demonstration of their practical use at the individual level and 

the potential scaling of their use to population studies. These studies lead to the 

creation of models of human activity. Chapter 2 was also used to critique the literature 

published and to determine whether bioarchaeologists have discovered a direct link 

between physical activity and enthesopathy formation. As discussed in Chapter 2, no 

such a link exists. What is highlighted, and is crucial to this study, are the many 
bioarchaeo logical questions which could be answered using MSM, if scientific 

evidence of their value could be obtained. This demonstrates the necessity of the 

research for bioarchaeology. 

8.2.1 Sta2e 1: Anatomy of Entheses 

The first step on the road to determining whether enthesopathies could be used as 

indicators of physical activity was to determine the anatomy of entheses. Chapter 2 

demonstrated that bioarchaeologists have conflicting views about the anatomy of 

these sites. Some mention Sharpey's fibres, but the majority of papers seem to ignore 

the anatomy completely. However, the interface between two materials with different 

mechanical properties is complex and the most likely to fail under stress (Currey 

2002). Consequently, the anatomy and biochemistry of these sites is vitally important 

to understanding the cause of enthesopathies. 

Chapter 3 addressed the anatomy of entheses. The goal of understanding enthesopathy 

formation was also addressed through the discussion of their development during 
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growth and in particular the adolescent growth spurt. It was clear from the revie" that 
the anatomy and biochemistry of these sites has had a recent resurgence in research 
following a dearth of interest since German papers from the 1930s. NeýN terminology 

was developed following a paradigm shift in the understanding of the enthesis 
(Benjamin, et al. 2002). This has been discussed in Chapter 3. The new terminology is 
based on the cell biology and extra-cellular matrix of these sites. Broadly, entheses are 
divided into two groups: fibrocartilaginous and fibrous. The term "Sharpey's fibres" 

is restricted to the collagen fibres which anchor the soft tissue to the bone. Similar to 

an anchor which fixes a ship (through water) onto the seabed; these fibres are 

surrounded by bone extra-cellular matrix anchoring them to bone. The term 
"Sharpey's fibres" is restricted to the description of fibrous entheses. 

Fibrous entheses are primarily those which attach soft tissues to the diaphysis of long 

bones (not phalanges). In many cases they anchor the strongest muscles in the body to 

bone, e. g. the deltoid to the humerus. Stress at the interface is dissipated by increasing 

the surface area of the enthesis. During development the interface is mediated by 

periosteum (Benjamin and Ralphs 1995). This is lost during later life. As a 

consequence, these sites present a diversity of macroscopic appearances on human 

skeletal remains. In juveniles, their macroscopic appearance on dry bone is smooth, 

but ill-defined. With age the intermediate periosteum can be lost and the surface 

appearance becomes roughened. Consequently, age, at fibrous entheses, is probably 

the primary factor to consider when studying enthesopathies. 

Fibrocartilaginous entheses, by comparison, attach soft tissues (including the joint 

capsule) to the epiphysis of long bones and to areas in the short bones of hands and 

feet. Joint movement at these sites is great, which affects the angle at which the 

tendon (or other soft tissue) attaches. Consequently, stress dissipation is important as 

is control over the direction of the force to be distributed. Some researchers have 

compared fibrocarti lage to the less flexible (the grommet) part of an electric cable just 

before the cable joins the plug (Benjamin and Ralphs 1999). To achieve this, the 

enthesis consists of the following four layers: tendon, unmineralised fibrocartilage, 

mineralised fibrocartilage and bone. The divide between mineralised (bone and 

mineralised fibrocartilage) and non-mineralised layers is known as the "tidemark". 

which also exists in hyaline joints. In general terms, these entheses are very similar to 
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hyaline cartilaginous joints, unsurprisingly given the similarity in characteristicý, 
between the hyaline cartilage and fibrocartilage (Benjamin and Ralphs 2004). Their 
macroscopic appearance is a smooth, well-defined area very much like that of a 
synovial joint. The bone and mineralised fibrocartilage zones of these entheses 
interdigitate, like ajigsaw, thereby increasing the surface area of the enthesis. 

Enthesopathies should be divided into those involving new bone formation (spurs): 
bone destruction (lytic lesions); or a combination of both at a single site (see Chapter 

7). Enthesopathies have many causes, as discussed in Chapters 4 and 5; this section 

will focus on how they form. In bone spurs regions of mineralised fibrocartilage were 
found in the bone portion of the spur and are thought to be created by endochondral 

ossification (it should be remembered that the bone below a fibrocartilaginous 

enthesis is subchondral bone) brought on by repeated micro-tears or from compressive 
loading. Bone spurs obviously increase the surface area of the enthesis, which should 
help in load distribution. Whether bone spurs act as stabilisers or increase surface area 

to reduce stress is still unknown. Subchondral bone does not underlie fibrous 

entheses, but it should be remembered that the difference between the two types of 

enthesis is not absolute. It has been demonstrated that fibrocartilage can form where 

required (Benjamin, et al. 2002). Longitudinal fissuring has been reported in the 

clinical literature at entheses, but little is known about the mechanics and cell biology 

of these types of injury. 

Chapter 3 illustrated that, despite the attempt by bioarchaeologists to use 

enthesopathies as indicators of physical stress, the biological understanding of 

entheses is still incomplete. Two types of enthesis have been described, but only 

fibrocartilaginous ones have been studied in great detail. This is primarily because 

these are more commonly injured or affected by diseases (as was discussed in 

Chapters 4 and 5). Further research is necessary before the formation of 

enthesopathies can be fully understood. However, from this anatomical approach it is 

clear that the normal appearance of fibrocartilaginous attachments is smooth with a 

well-defined margin. For this reason it seemed obvious to focus the rest of this 

research on this type of enthesis. Further reasons for focussing on fibrocartilaginous 

entheses were discussed in Chapters 4 and 5. 
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8.2.2 Stage 2: Enthesopathies of Traumatic Aetiology 

The primary purpose of Chapter 4, and this research in general, was to determine 

whether there is a link between repetitive activity and enthesopathy formation. A 
direct link between the two seems to be an underlying assumption in much of the 
bioarchaeological literature. However, if the situation is not as simple as this, then the 
foundation stone of this aspect of the discipline is not sound. Consequentl", the 
discipline needs to be up-to-date with the current clinical paradigm. The World Health 

Organisation perceives that occupational health (including musculoskeletal health) is 

multifactorial in origin and therefore clear data are difficult to obtain. To expand the 

raft of knowledge, the literature review focused on both upper and lower limb 

enthesopathy formation. Literature on hyaline joint injuries (particularly 

osteochondritis dissecans and osteophyte formation) was also studied to see if 

parallels could be drawn from these studies to enthesopathy formation. 

The enthesis is a zone which few clinicians appear to research and the majority of the 

literature focuses on either the bone or the soft tissues and not the whole enthesis. It is 

of interest to bioarchaeologists to understand the bone changes, but the 

musculoskeletal system needs to be considered as a unit (especially at the enthesis, 

which often transmits immense force between the skeleton and muscle) and not as 

compartmentalized as the clinical research seems to be because bioarchaeologists are 

using the bone to understand the activity occurring in the soft tissues. 

Experiments in animals have proved that a ruptured tendon can heal to join the bone 

with the fibrocartilage layers in between. However, it was also determined that the 

insertion site (rat supraspinatus insertion on the humerus) heals poorly when 

compared to the healing of other musculoskeletal structures (Thomopoulos et al. 

2002). This is unsurprising given that the mechanical requirements of entheses rely on 

the attachment of materials with different mechanical properties. If difficulties with 

healing occur, then the injuries should be recognisable in human skeletal remains. The 

question is: are spurs and lytic lesions caused by injury or the healing of injury and 

are they a sign of acute (i. e. one-off) or chronic (i. e. repetitive and possibly activity- 

related) processes" 
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There seems to be a dearth of clinical literature on the formation of spurs in relation to 
activity or occupational stress, despite the existence of literature on treatment either of 
the soft tissue or bone. The primary locations discussed relate to the rotator cuff. the 
Achilles tendon and plantar fascia. Injuries to all of these sites are relativelý common 
in sport and occupational activities (Benjamin, et aL 2006; Sadat-Ali 1998). Factors 

affecting their aetiology in the lower limb include footwear and body mass, but the 

amount of walking was not a factor. This is an important point that should be noted bN 
bioarchaeologists who have discussed amount of walking and terrain walked over in 

their studies of enthesopathies [e. g. (Al-Oumaoui, et aL 2004)]. Similarly, lytic 
lesions cannot be directly linked to physical activity. Numerous causes have been 
linked, including avulsion injuries, but even these have a multifactorial origin. When 

compared to causes of injury at hyaline joints, one further cause is possible: that of 

osteochondritis dissecans. The clear thesis from this review of the literature is that 

enthesopathies are not caused by physical activity alone. 

8.2.3 Stage 3: Disease and Enthesopathy Formation 

The multifactorial aetiology of enthesopathies was demonstrated in Chapters 3 and 4. 

Chapter 5 covered their pathological aetiology. The aim of Chapter 5, apart from 

providing a list of pathological causes, was to present diagnostic criteria to use in the 

later stages of this research. Modem clinical diagnostic criteria were used for this and 
it was hoped that some of these new criteria would be useful to the field of 

palaeopathology. The limitations of this are that many of the pathognomonic signs 

and symptoms do not affect the musculoskeletal system; and if they do, this is rarely 

the mineralised parts. One of the other problems faced were the many rare diseases 

with only a minimal record of clinical study (e. g. SAPHO syndrome) or those more 

common diseases with rare occurrence of enthesopathy (e. g. Lyme disease). In the 

latter cases it is not evident whether the enthesopathies are a sign of the disease or 

caused by a different factor, such as age. It must be remembered that individuals can 

suffer from more than one condition at once; sometimes with similar skeletal changes 

(e. g. DISH and AS; Moreno et aL 1996). Additional research is required (at a clinical 

level) to answer these questions. 
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One disease cluster which appears to be dominant, both in quantity of clinical 
literature published and in prevalence, is that of the seronegati've 
spondyloarthropathies. These diseases are thought to have a prevalence of 0.3 percent 
in the modem world. Considering that recent research has indicated that sacroiliitis 
and enthesopathy formation are hallmarks of this cluster of diseases, it is surprising 
that so few cases exist in the palaeopatho logical literature. Such a high clinical 
presence of these, and other diseases covered in this chapter, indicated that stringent 
diagnostic criteria were needed to avoid under-diagnosis of these diseases. These 

criteria, described in Chapter 6, led to the classification of many skeletons as "bone 
formers". This term is merely used to indicate that these individuals had a greater 

propensity to form bone at any enthesis. This does not mean that these skeletons had 

definitely suffered from any of the diseases discussed in Chapter 5, but this was a 

possibility. 

These literature reviews demonstrated that the aetiology of enthesopathy formation is 

multifactorial and many of these factors are only seen in soft tissue. It is obvious from 

these reviews that previous bioarchaeo logical research has been built on shaky 

foundations, as demonstrated by the clinical research. However, there is very little 

clinical data on the enthesis itself (it is possible that this is caused by specialisation of 

clinical research into either bone or soft tissue, but not of the interface). It is also 

apparent that pathological changes may play a greater role in enthesopathy formation 

than seems to be assumed in bioarchaeo logical literature. 

8.3 Aim 2: Pilot Methods 

It was stated in the introduction that the second aim of this research was to create a 

new recording method based on the outcome of the first aim. The starting point was 

that the method could be able to answer questions posed by bioarchaeologists. For this 

to be effective it must have widespread usage so that populations can be compared. To 

achieve this it had to be: simple, affordable, repeatable, and quantitative. 

Chapter 3 made it quite clear that there are so many factors involved that only a small 

number of entheses (supraspinatus insertion, common extensor origin, biceps brachii 
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insertion) could be covered fully. They were all chosen because they are 
fibrocartilaginous and should have a smooth, well-defined area when normal. They 

are also some of the best described entheses in clinical literature in the upper 
extremity. This, it was hoped, would keep the methodology for visual recording as 
simple as possible and avoid problems dealt with in Chapter 2. Visual recording is, 

obviously, the simplest and cheapest method. Drawbacks are repeatabilitý and 
although some researchers claim them to be quantitative methods, the quantification is 
bound up in the visual recording method. As discussed in detail in Chapter 6, the 

visual recording method used in this research defines entheses as: normal (no 

enthesopathy), abnormal (a bone spur, a lytic lesion, or woven bone on surface), 
damaged, or missing. Where an enthesopathy exists a note was made of whether it 

was proliferative, lytic or a combination of the two. The visual system was also 

extended to include all of the following enthesis: subscapularis, supraspinatus, 
infraspinatus, teres minor, common extensor origin, anconeus, common flexor origin, 

triceps brachii, brachialis, biceps brachii (all insertion, unless otherwise stated). 

Entheses are essentially surfaces comparable to landscapes with hills and valleys, or 

road surfaces, or grades of sandpaper. These surfaces are studied mathematically (in 

the case of small surfaces this is called metrology) and there are standardized methods 

of studying them. However, it is the collection of the data which has to take in many 

considerations, foremost of them all is the preservation and conservation of bone. 

Many of the data collection methods used in metrology are only appropriate for items 

which can be crossed by a metal stylus, or are only appropriate for items smaller than 

bones. Further considerations were cost and portability. Chapter 6 described the many 

pilot methods tested to achieve this. 

8.3.1 Aim 2: Main Study 

The final method involved the use of a profile gauge to map the curvature of the 

enthesis along two predefined bisecting axes. Further quantitative data were collected 

from measurements of the entheses (along the same predefined axes as used for the 

profile gauge) and the size and robusticity of the humerus, radius and ulna. Stringent 

criteria, based on the data from Chapter 5 and presented in Chapter 6, were applied to 
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separate those individuals with possible bone-forming diseases, from those ýý ith no 
signs. 

Adult skeletons from late medieval Fishergate House, York (UK) were used for this 

analysis, as described in Chapter 6 and 7. Only male skeletons were used to avoid 
hormonal effects on enthesopathy morphology. However, all age groups \ý ere pooled 
because the ageing methods employed in this study found only two young males. 
Other ageing techniques were not used because they rely on degenerative changes 

which are a factor in enthesopathy formation. Using these %Nould create 
inconsistencies in the results. Left and right upper limbs were also pooled because of 
the negligible left to right asymmetry (see Chapter 7). Three categories were selected: 
"normal", "abnormal" and "bone forming". The stringent new criteria for separating 
"normal" skeletons from "bone forming" were applied. The term "abnormal" was 

applied to entheses with enthesopathies of any kind (but not defined as bone formers). 

The hypothesis that bone formers had a higher number of appendicular enthesopathies 

than the other skeletons was upheld (as demonstrated in the previous chapter). This is 

important as it demonstrated the necessity of analysing the data from these skeletons 

separately. 

8.3.2 Aim 2: Performance of New Recordint! Method 

This section discusses the results of the final recording method as tested on the male 

skeletons from Fishergate House, York. The results of the discriminant function 

analysis will be discussed in relation to the question of which roughness parameters 

were found to be the most useful to the study of enthesopathies. The results will be 

discussed in relation to the individual entheses and will be tied together at the end of 

this chapter, but prior to this the general findings of the skeletal analysis will be 

discussed. Further research required will be presented in Chapter 9. 

The skeletal analysis demonstrated that many different types of enthesopathy existed. 

The high frequency of enthesopathies at some entheses was also demonstrated. The 

entheses with the three highest frequencies were those for the subscapularis, the 

common extensor origin, and the biceps brachii. It was expected that the 
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supraspinatus entheses would have the highest frequency because this has the highest 

reported frequency in the clinical literature. The reasons for this difference are 

unclear. In general, proliferative enthesopathies are the most common at all entheses, 
but the biceps brachii has the highest level of variation in types of enthesis found. 

This is unsurprising, given that this tendon has a wide variety of insertion angles and 
insertion sites (Forthman et al. 2008). Individual variation in this enthesis is, 

therefore, to be expected. Left and right sides were pooled for all the final analyses. 

Measurements of the entheses indicated that there were no significant difierences in 

size of entheses between the left and right sides. DJD frequencies were also highl'. 

similar, which may indicate similar levels of arm use, if DJD is degenerative in origin. 

Skeletons with fractures were found to have high levels of enthesopathy frequency, 

which may indicate an acute trauma-related aetiology for some of these 

enthesopathies. It is also possible that this is merely coincidental. 

One of the hypotheses of this study was that bone formers would have a higher 

frequency of appendicular enthesopathies than other skeletons. This was indicated as 

a possibility in Chapter 5 and had to be tested to determine whether it was necessary 

to separate these skeletons from the rest of the sample. The findings of this analysis 

indicated that the hypothesis was correct. Bone formers had a higher frequency of 

enthesopathies at all sites (except the subscapularis insertion). In the majority of 

cases, this was found to be a statistically significant (cc = 0.05) finding. Consequently, 

this must be taken into account in all future bioarchaeological analyses of MSM. It 

must also be borne in mind when interpreting past studies, as this factor has rarely 

been taken into account. 

8.3.2.1 Supraspinatus 

The supraspinatus enthesis is located at the lateral edge of the greater tuberosity of 

the humerus. Clinically, this muscle is found to be more commonly injured than any 

of the other rotator cuff muscles. However, in this study the subscapularis insertion 

was found to be abnormal in more skeletons than any of the other rotator cuff 

insertions. Nevertheless, the supraspinatus insertion is useful for this analysis because 
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of the mass of clinical literature with which to interpret the data. 

8.3.2-1.1-Supraspinatus: enthesopathies and skeleton size 

There were indications from the preliminary data used to create the methodology that 

size differences would exist between the categories: "normal", "abnormal", and -bone 
former". The hypotheses were that the measurements of the enthesis (and the bone) 

would fulfil the following: 

Normal < With enthesopathies (abnormal) 

4. Normal < Boneformers 

0 With enthesopathies (abnorinal) < Boneformers 

The measurements of the bone did not follow all of these hypotheses (Chapter 7). 

None of the bone measurements (except the size of the supraspinatus axis x) for the 

bone formers were statistically significantly larger (Student's T-test at (X = 0.05). 

However, the length of the humerus for the abnormal entheses and bone formers was 

statistically significantly larger than those with normal entheses. The vertical and 

transverse measurements of the humeral head also followed this pattern. The humeral 

head index (vertical head diameter - transverse head diameter) was statistically 

significantly smaller in the normal cases compared to the abnormal ones. The 

condylar and epicondylar widths also followed this pattern. Therefore, it seems that 

bone formers and individuals with abnormal supraspinatus entheses are larger than 

those with normal entheses. 

It was found that the size of the supraspinatus axis x followed these hypotheses. 

However, the supraspinatus axis y did not. It could be presumed that this relates to the 

ability of the enthesis to grow in different directions. The axis y is bounded by the 

humeral head and the joint capsule. The axis x is bounded by the infraspinatus 

enthesis and the bicipital groove. However. the entheses of this region are not so 

neatly divided. The tendons of both the supraspinatus and inftaspinatus muscles 

blend together near the insertion, thus the middle portion of the facets represent the 

entheses of both tendons (Minagawa, et aL 1998). Note, however, that there is 

normally a slight ridge running in the direction of the y axis part-way along the 
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enthesis (Figure 8.1 ). This ridge was defined, for the purposes of this study, as the 

edge of the supraspinatus enthesis. The fibres of these tendons also mer-e with the 

joint capsule (Benjamin, et a/. 2004). Furthermore, it has been demonstrated that the 

supraspinatus enthesis also extends over the edge of the greater tuberosity (Curtis, et 

al. 2006), but this extension is not visible on the bone as a smooth, well-defined 
"footprint" (Figure 8.1 ). For this reason it was not measured or included as part of the 

surface roughness test. Table 8.1 demonstrates the difference in measurement between 

entheses measured with soft tissue and the ones in this study. 

Figure 8.1 Ridge running across supraspinatus enthesis. Arrow points to ridge. ArroNN 

head demonstrates rough area. 
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Table 8.1 Published measurements of the supraspinatus insertion discussed here, with 
this study's results for comparison. 

Enthesis Publication Mean Range Comment 

Supraspinulus x axis This study 
16 mm (n 11.2 to 22.5 
= 39) mm 

Supraspinutus x axis 
Curtis el al. 23 mm 18 to 33 mm 

Age and SC\ 
(2006) p. 606 unkno"n 

Minagawa et al. 
11.3 to 14.5 

Supraspinutus x axis (1998) p305 12.6 mm mm; standard Males and females 

(distance a-b*) 
deviation 1.1 all over 50 years 
mm 

Minagawa et al. 
18.2 to 27.3 

Supraspinatus x (1998) p. 305 22.5 mm mm, standard Males and females 

(distance a-c**) 
deviation 3.1 all over 50 years 
mm 

Supraspinalus y axis This study 
8.9 mm 6.1 to 17.4 
(n = 40) mm 

Supraspinalus y axis 
Curtis el al. 16 mm 12 to 21 mm 

Age and sex 
1 1 (2006) p. 606 I I , unknown I 
*a-b: measured from the anterior margin of the greater tuberosity to the anterior margin of the 

infraspinalus tendon 

**a-c: measured from the anterior margin of the greater tuberosity to the posterior margin of the 

supraspinatus tendon 

2 Figure 8.3 Supraspinatus area (mM ) by category of enthesis. Note that there is little 

difference in size between the abnormal (2), normal (1) entheses, and the bone formers 

(3). 

lili 

ri. 1ttii UiIT 

1 14 

Ia nnrin. i 1,2-., 11-) tic, rifi. - 1 rrwr 

Student's T-test indicated that there were no statistically significant (cc = 0.05) 

274 



differences for the approximation of the area (calculated as axis x multiplied by axis 

y) between the abnormal and normal entheses (Figure 8.3). The bone formers could 

not be included because of the small sample size. The surface area of an attachment 

site is important, as this allows force to be dissipated over a greater area, thus 

reducing localised stress. However, the shape of the enthesis is also of importance 

because it has been demonstrated that different regions of the tendon are active with 
different movements at the shoulder (Fallon, et al. 2002). For this reason, measuring 

the x- and y-axis of the fibrocartilaginous portion of the enthesis should provide 

valuable information for understanding muscle usage. 

8.3.2.1.2 Supraspinalus: Measurement Correlations 

No statistically significant (cc = 0.05) correlation was found using Pearson correlation 

coefficients for the size of the supraspinatus enthesis and any of the measurements of 

the humerus, or the indices calculated. Therefore, the size of the enthesis has no linear 

correlation with the size of the humerus. This is surprising as the head of the humerus 

and the greater tubercle fuse between the ages of two and six years (Scheuer and 

Black 2000a) and so their growth should be linked. More surprisingly, the x- and y- 

axes do not correlate in size. This may reflect the problems with measuring this 

enthesis, as discussed above. 

The data were tested to determine whether a correlation existed between the size of 

the enthesis and the roughness parameters. This was undertaken to deten-nine whether 

the roughness parameters should be normalised by enthesis size: as demonstrated in 

Chapter 7, this was not required. No statistically significant ((x = 0.05) correlations 

were found between the size of the enthesis and the roughness parameters of either the 

supraspinatus axis x or axis y. This indicates that the size and the roughness do not 

have a linear relationship. Consequently, this demonstrates that the roughness 

parameters describe a property separate to that of size for these entheses. 
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8.3.2.1.3_Supraspinatus: Discriminant Function Analysis 

Discriminant function analysis was used to determine whether the roughness 
parameters could be used to quantitatively define the entheses into categories, e. g. 
bone formers (Table 8.2). With the supraspinatus axis x divided into the three 

categories (I = normal, 2= abnormal, and 3= bone former), the best discriminating of 
the parameters were the relative length, area displacement, and the peak number. 
These parameters provided 73.5 percent accuracy. Interestingly the bone formers are 
100 percent correctly classified. However, the small size of the sample, in particular 

the number of bone formers (a total of three skeletons), calls into question the 

applicability of using these parameters on larger sample sizes without further testing. 

When the data were divided into two categories (I = profile gauge does not intersect 

anomaly; 4= profile gauge intersects anomaly) the best classification was achieved 

using relative length, area displacement, peak number and Rq; a higher accuracy was 

achieved (85.3 percent). However, the classification results indicate that only one case 

of category 4 is accurately classified. This should, theoretically, be the most accurate 

method to split the data, but for some reason this is not the case. It is most likely to be 

caused by small sample size and because many of the normal entheses are very 

convex giving them comparatively high values of relative length. A further test should 

have been performed to determine whether the shape of bone formers affected the 

category 2 results, by subdividing into five categories (I = normal; 21 = abnormal, but 

axis not intersecting the anomaly; 22 = abnormal, axis intersects the anomaly; 31 = 

bone former, but axis not intersecting any anomaly; and 33 = bone former, axis 

intersects the anomaly). Unfortunately, the sample sizes were too small for this to be 

appropriate. 

The supraspinatus enthesis size of axis y did not vary between the different categories 

of enthesis as classified in this research, as discussed above. It is possible that the lack 

of ability to change size in this axis may lead to greater variation in roughness than in 

axis x, or that the small size of this enthesis would make the roughness less variable 

because the number of peaks and troughs would always be fewer than possible in a 

larger enthesis. Discriminant function analysis of the three category data (I = normal, 

2= abnormal, and 3= bone former) provides 77.8 percent overall accuracy using 
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roughness parameters: HSC, Ra, Rq, mean slope, and area displacement. The 

eigenvalues and Wilks' lambda of both functions do not have statistical significance 
(cc= 0.05 level). The classification table indicates that these roughness parameters 
correctly classify category I and category 3 entheses, but are less effectiNe for 

category 2 entheses at only 37.5 percent accuracy (three cases correctly assigned) with 
the remaining five cases assigned into category I (normal). The cases misclassified 
included categories 21 and 22 (21 = abnormal, but axis not intersecting the anomaly; 
22 = abnon-nal, axis intersects the anomaly). It is unclear why these should be 

misclassified when the bone formers are correctly classified in all but one case 
(skeleton F164 R). To determine if this relates to whether abnormalities are 
intersected by the profile gauge, the data were divided into two categories (I = profile 

gauge does not intersect anomaly; 4= profile gauge intersects anomaly). When this 

was performed the best classification of the entheses using discriminant function 

analysis was achieved using Rq of FFT, relative length, and peak frequency. This 

achieved 80.6 percent accuracy, but only 33.3 percent of category 4 was correctly 

classified. All abnormal entheses with exostoses intersected by the profile gauge were 
incorrectly classified as normal. This indicates that in general these classification 

methods for this enthesis have a tendency to classify all entheses as normal. 

Unfortunately, the data set were too small to subdivide the data into five categories (I 

= normal; 21 = abnormal, but axis not intersecting the anomaly; 22 = abnormal, axis 

intersects the anomaly; 31 = bone former, but axis not intersecting any anomaly; and 

33 = bone former, axis intersects the anomaly). It would be interesting to determine if 

the problems with accuracy of the abnormal data were caused by the combination of 

groups 21 and 22 along with 31 and 33. 
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Table 8.2 Roughness parameters for supraspinatus x and y. 
Enthesis, axis, category Roughness parameters Comment 
division 
Supraspinatus X 3 Relative length, area 100% classification accuracy 
categories displacement, and peak number for category 3 (only 66.71io 

accuracy for category 2) 
Supraspinatus X 2 Relative length, area 
categories displacement, peak number and 

Rq 
Supraspinatus X 5 not applicable, sample sizes too 
categories small 
Supraspinatus y 3 HSC, Ra, Rq, mean slope, and Poor classification accuracy 
categories area displacement for category 2 

Supraspinatus y 2 Rq of FFT, relative length, Poor classification accurac,, 
categories peak frequency for category 4 

Supraspinatus y 5 not applicable, sample sizes too 
categories small 

It can be seen from the curves of axis x that, although there is some variation, the 

general trend of this surface is to be a slightly convex shape with a sharp incline from 

the medial aspect (the bicipital groove) and flattening off towards the infraspinatus 

insertion (Appendix VI). However, the convexity of the normal surfaces varies 

leading to a wide variation in roughness parameter value, as demonstrated in (Figure 

8.4). Despite this, good levels of accuracy were achieved in the discriminant function 

analysis. Further tests, with larger sample sizes are needed so that the ability of the 

roughness parameters to accurately classify the entheses can be tested. 
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Figure 8.4 Supra. yinatus axis x. Variation of relative length within and between the 3 
categories. 
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The smooth part of supraspinatus axis y ranges from concave to convex. It must be 

remembered here that the supra. vpinatus enthesis continues into the rough region and 

that the tendon merges with the joint capsule. This makes the y-axis of the enthesis 

much harder to model. There is wide variation in shape and, more importantly, slope. 
Slope has considerable effect on many of the roughness parameters. It is likely that 

this has considerable effect on the results. However, the more important question is 

why the bone formers have entheses which are so readily classifiable into their own 

category. In general, these curves appear (visually) to be more concave than many of 

the other entheses. This may be by chance, but if not, it raises questions about the 

pathogenesis of bone-forming diseases and when they start to act on the skeleton. To 

understand this it would be necessary to undertake research into the development of 

entheses and the onset of bone-forming diseases. 
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8.3.3.2 Common Extensor Origin 

The common extensor origin is the common enthesis of the extensor carpi radialis 
brevis, extensor digitorum communis, extensor digili minimi, extensor carpi u1naris 
and supinator (Stone and Stone 2000), occurring on the lateral epicondyle of the 
humerus. These muscles have the function of extending the hand, fingers and wrist 
and to supinate the forearm. Little clinical literature could be found concerning 
enthesopathies at this site (Medline search 2008), but these muscles are commonly 
involved in sports and occupational injuries, leading to pain at the lateral epicondyle 
of the humerus. This is commonly known as "tennis elbow". The clinical term for this 

condition is lateral epicondylitis (Martin 2000). 

8.3.3.2.1-Common extensor ori2in: enthesovathies and skeleton size 

The common extensor origin on the lateral epicondyle of the humerus was measured 

and the surface curvature calculated using the methodology described in Chapter 6. 

The results of these measurements were very interesting. It was found that the size of 

the humerus in general was not statistically significantly different between normal 

entheses and those with enthesopathies (not bone formers). In contrast, the overall 
length, size of the humeral head, and epicondylar width were all larger in bone 

formers than normal skeletons. The transverse head of the humerus was also 

statistically significantly larger in the bone formers than in those skeletons with 

enthesopathies at the common extensor origin (not diagnosed with bone-forming 

disease). It is surprising that measurements remote from the lateral epicondyle 

demonstrate these changes. At the lateral epicondyle statistically significant 

differences were found. Measurements of both the x- and y-axis were significantly 

smaller in the normal skeletons compared with either those skeletons with 

enthesopathies or bone formers. This contradicts the hypothesis that individuals with 

entheses too small to effectively dissipate stress are more likely to have 

enthesopathies. No statistically significant difference was found between the skeletons 

with enthesopathies and the bone formers. It is also surprising that bone formers differ 

significantly from the other skeletons, despite the fact that the diseases thought to 
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cause these changes occur primarily in adulthood and not during the growth of the 
skeleton. Perhaps this hypothesis is incorrect and that these diseases cause skeletal 
change prior to growth completion. Future research to test this hypothesis would be 
required. However, it is possible that it is a result of small sample size or sample bias. 

8.3.3.2.2_Common extensor origin: Measurement Correlations 

It was hypothesised in Chapter 6 that the size of the bone should correlate with 
enthesis size, i. e. larger individuals should have larger entheses. To test this, Pearson 

correlation coefficients (and where appropriate Spearman's rho) were calculated 
between measurements of the bone and the x- and y-axis of the entheses. The primary 
test was to determine whether the x- and y-axes of the entheses correlated; which they 
did, unlike those of the supraspinatus insertion. It is probable that this is because there 
is more space around the common extensor origin enthesis because it is located 

outside the joint capsule (Gray 1974). Further correlations were expected between the 

common extensor origin size and the anatomical landmarks close by: the condylar and 

epicondylar width. These were expected because development of these structures 

occurs together (Scheuer and Black 2000b). The proposed correlations were found. 

Correlations were not expected between the common extensor origin size and 

measurements of the humeral head because the muscles originating at this enthesis do 

not act upon the shoulder, but only upon the hand, wrist and elbow. However, 

correlations were found. They were also found between the enthesis and minimum 

circumference and maximum length, but not for either the robusticity or the humeral 

head index. Correlations probably occur for developmental reasons. 

Correlations between enthesis size and roughness parameters were analysed to 

determine whether the size alone affected the roughness parameter values. If this were 

found to be the case, then these roughness parameters may not be useful for the 

analysis of roughness itself. However, the parameters chosen should not be affected 

by size of the enthesis, so if size and roughness do correlate then this may 

demonstrate shape variation with size. Pearson correlation coefficients (and where 

appropriate Spearman's rho) were calculated for all the roughness parameters and 

both common extensor axes x and y. Statistically significant (at (i = 0.05 level) 
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correlations were found between the common extensor origin axis x dimensions and 
peak number (p = 0.001). It was possible that pooling the normal data -v-, Ith that for 
entheses with enthesopathies may have had an effect on this data; consequentlý, the 
data were subdivided into two categories: axis not intersecting anomaly =I and axis 
intersecting anomaly = 4. Peak number was found to correlate with both categories (p 
= 0.025 and p=0.020, respectively). The plots of these data indicate that as the x-axis 
of the enthesis increased the peak number (defined as the number of peak turning 
points per unit length) decreased. This means that the surfaces became "less rough" 
relative to their length. This roughness parameter should, perhaps, be altered to be the 

number of peaks without dividing by unit length. Then this relationship -vould not 
occur. 

The same procedure was adopted for the common extensor origin axis y. Common 

extensor origin axis y size correlated with the Rq of FFT (p 0.002). When 

subdivided into two categories (axis not intersecting anomaly ]a and axis 
intersecting anomaly = 4), no statistically significant (at Ot = 0.05) correlations were 
found for category 4. Peak frequency (p = 0.03 1), peak number (p = 0.002) and Rq of 
FFT (p = 0.026) all demonstrated statistically significant (at (X = 0.05) Pearson 

correlation coefficients with common extensor origin axis y size. Spearman's rho 
demonstrated a statistically significant difference between common extensor origin 

axis y size and HSC (p = 0.01), but this is likely the cause of outliers (Chapter 7). 

Therefore, common extensor origin axis y size and shape correlate for entheses in 

which the axis does not intersect the anomaly. 

8.3.3.2.3 Common extensor oriLyin: Discriminant Function Analvsis 

Discriminant function analysis of this data indicates that relative length is the best 

overall method of classifying the common extensor origin x by enthesopathy presence 

(Table 8.3). With the common extensor origin axis x divided into the three categories 

(I = normal, 2= abnormal, and 3= bone fon-ner), the best discriminating of the 

parameters was relative length. This parameter alone correctly accounted for 50.0 

percent of the entheses. The best classitication result achieved was 75 percent using 
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relative length, area displacement, mean displacement, Ra, and mean slope. The 

eigenvalues and Wilks' lambda of the first function demonstrate that this is 

statistically significant, but the second function was not. Box's M was significant. 
indicating internal covariation. However. unlike the supraspinatus entheses the bone 

formers are not readily classified. Only 53.8 percent (7 out of 13) were correctly 

classified, the rest were classified as category 2. The bone formers ýNere removed to 
determine whether roughness parameters could be used to distinguish between normal 

and abnormal entheses. It was found that 82.9 percent of the remaining entheses could 
be correctly classified using Rq, skewness, kurtosis, Ra, and area displacement. All 

the data, including the bone formers, were then divided into two categories (axis not 
intersecting anomaly =I and axis intersecting anomaly = 4) to determine if better 

results could be achieved by studying the presence of anomalies visible on the curves. 

The best results were achieved using relative length and mean displacement, 

producing 79.2 percent classification accuracy with both categories having almost 

equal accuracy. This data set was larger than that present for the supraspinatus 

enthesis, so the data were subdivided into five categories: (I = normal, 21 = abnormal 

but axis not intersecting anomaly, 22 = abnormal with axis intersecting anomaly, 31 = 

bone former but axis not intersecting anomaly and 33 = bone former with axis 

intersecting anomaly). Only 68.8 percent accuracy could be achieved when the data 

were divided into five categories. This is almost certainly caused by the small sample 

sizes involved; for example there is only one enthesis classified in category 21. 

However, this analysis does indicate that future studies with larger and more equal 

sample sizes are necessary. 

Discriminant function analysis for common extensor origin axis y was more 

problematic than for the x-axis. For the three category analysis (I = normal, 2= 

abnormal, and 3= bone former), no combination of roughness parameters correctly 

assigned more than 68.0 percent of cases correctly. The roughness parameters used to 

achieve this were: Rq of FFT, mean slope, peak number, and area displacement. It 

was decided not to reanalyse this data with the bone formers removed because it is 

unlikely that this would affect the classification of category 1. HoNNever. ý%, hen divided 

into two categories (I a= axis not intersecting anomaly 4= axis intersecting anomaly), 

to determine if better results could be achieved by studying the presence of anomalies 

visible on the curves, the maximum percentage of entheses correctly assigned was 
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88.0 percent, using Rq of FFT, peak number, HSC, and Rq of FFT. This improvement 
in classification was as expected because part of the aim of this research was to 
develop a method that could be used to distinguish between those entheses %% ith and 
those without anomalies. It is possible that the small sample sizes led to the poor 
classification when entheses were divided into five categories (I = normal, 21 = 
abnormal but axis not intersecting anomaly, 22 = abnormal with axis intersecting 

anomaly, 31 = bone former but axis not intersecting anomaly and 33 = bone former 

with axis intersecting anomaly). The best classification achieved was 64.0 percent, but 

this did represent 80.0 percent correct classification for category 1, again 
demonstrating that the method does have potential. 

Table 8.3 Common extensor origin: Parameters best suited to describe this enthesis. 
Roughness parameters Comment 

Common extensor origin x3 Relative length, area Only 75% overall accuracy, 
categories displacement, mean but 87.5% accuracy for 

displacement, Ra and mean category I and 78.9', o for 
slope category 2. Category 3 has 

only 53.8% accuracy 
Common extensor origin x2 Relative length and mean Overall 79.2% accuracy. 
categories (]a = axis not displacement Box's M p-value 0.025 
intersecting anomaly 4= axis 
intersecting anomaly) 
Common extensor origin x5 All 100% (1/1) of category 21 

categories assigned as category I 
Common extensor origin y 33 Rq of FFT, mean slope, peak 
categories number, and area 

displacement 
Common extensor origin y2 HSC, peak number, Rq of All of these roughness 
categories (la = axis not FFT and peak frequency parameters correlated with 
intersecting anomaly 4= axis the size of this enthesis axis 
intersecting anomaly) 
Common extensor origin y5 All (for 64.0%) HSC, peak number, Rq of 
categories FFT, peak frequency, mean 

displacement and mean slope 
for 62.0% 

The trend in shape is for a slope from the most lateral point, where an exostosis is 

often present in the abnormal entheses, down towards the condyle of the humerus. 

The roughness parameters which seem to best classify axis x of this enthesis are the 

hybrid parameter relative length which measures both horizontal and vertical elements 

and displacement of the curve from the mean line. This is unsurprising given the 

general sloping tendency which these curves have, which would have had 

considerable effect on such roughness parameters as Rq and Ra. The curves indicate 
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that the bone formers have variable shape, which probably accounts for the difficultN 

of their classification. In contrast, the common extensor origin axis ý is generally 
convex in shape with occasional additional peaks. It is these additional peaks which 
seem to be most important in terms of classification because the best classif-, ing 

roughness parameters are those that measure variation in height. Note also that these 

correlated with the size of the enthesis, as hypothesised. This relationship bemeen 

enthesis size and shape, which clearly exists for this enthesis, might indicate that size 
itself could be used to distinguish between the different types of entheses. 

8.3.3.3 Biceps Brachii 

The biceps brachii insertion occurs on the bicipital (or radial) tuberosity of the radius. 

It also inserts into an aponeurosis which ends in the deep fascia of the forearm (Chew 

and Giuffr6 2005). The muscle supinates and flexes the forearm from its origin on the 

scapula (Stone and Stone 2000). 

8.3.3.3.1 Bicevs brachii: entheSODathies and skeleton size 

Size differences in the whole bone measurements between different classes of 

entheses (I = normal, 2= abnormal and 3= bone former) were only found for the 

maximum length of the radius between the normal and the abnormal entheses. 

However, normal enthesis size (both in the x- and y-axes) was smaller than either the 

abnormal or bone former class, with the bone formers also larger than the abnormal 

entheses. This reflects the findings found for the other entheses. It indicates that 

enthesopathies do not form in entheses which are least capable of dissipating force 

because they have a small surface area. Clinical literature indicates that the biceps 

brachii tendon insertion does not cover the entire bicipital tuberosity (Table 8.4), but 

occurs on a small section within this area (Forthman, et al. 2008; Mazzocca, et al. 

2007). It also indicates that there is a small, smooth attachment area surrounded by a 

rough area and that the attachment does not include the ridge (Mazzocca, et al. 2007). 

This is in contrast to this study which only recorded the smooth area of the bicipital 

tuberosity quantitatively, but nevertheless found that in the majority of cases the entire 
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tuberosity was smooth. It is possible that the pressure on an overlý ing bursa. ýý hich 

exists on the radial side, may cause fibrocartilage to form on the tuberosity. but this is 

mere supposition. However, clinical findings must be taken into account for all results 

arising from the measurement of this enthesis. 

Table 8.4 Size of the biceps brachii enthesis. 

Enthesis Publication Mean Range Comment 
Biceps 12.3 mm, 
brachii axis standard 6.76-22.49 
x This study deviation 3.5 mm 

The soft tissue footprint 
Biceps has a mean width of 2 
brachii axis Mazzocca et 15 mm, standard mm, standard deviation 
x al. 2007 deviation 2 mm 10- 1 9mm 0.3 mrn 

7.1 mm, 
Biceps standard 
brachii axis Forthman et deviation 2.8 
X al. 2008 mm 3.6-12.7 mm 

23.7 mm, 
Biceps standard 
brachii axis deviation 3.2 15.82-32.21 
y This study mm mm 

The soft tissue footprint 
Biceps has a mean length of 14 
brachii axis Mazzocca et 22 mm, standard mm, standard deviation 

y al. 2007 deviation 3 mm 16-30 mm 2 mm 
21.5 mm, 

Biceps standard 
brachii axis Forthman et deviation 2.3 

Iy 1 aL 2008 1 MM I 13.8-27.3mm II 

8.3.3.3.2, Biceps brachii: Measurement Correlations 

Biceps brachii x and y axis dimensions demonstrated a statistically significant (p = 

0.000) linear correlation using Spearman's rho. One further statistically significant 

linear correlation in size was found between the x-axis and the medio-lateral diameter 

of the radius (p = 0.016), using Pearson's correlation coefficient. No further 

correlations were found. Features of the development of the radial tuberosity during 

growth are not fully understood. One hypothesis for the development is that the radial 

tuberosity is a flake epiphysis with a very short ossification and fusion time making it 

difficult to study (Scheuer and Black 2000b). Consequently, these findings are 

difficult to interpret. 
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Pearson correlation coefficients were not statistically significant between biceps 
brachii axis y and any of the roughness parameters. However, statistical significance 
was found between biceps brachii axis x and peak number (p = 0.043) and area 
displacement (p = 0.000). Where the x-axis did not intersect an anomalý (category 

]a), this statistical significance occurred for HSC (p = 0.005) and peak number (p = 
0.008). These correlations indicate that the larger the enthesis was, the IoNNer the 

roughness parameter value. This was expected because the number of peaks is 

measured per unit length. The visual appearance of this enthesis indicated that many 

of the peaks occurred at either end of the enthesis whilst little activity occurred in the 

centre. Consequently, the number of peaks is similar, but because length varies this 

negative correlation occurs. Statistically significant Pearson correlation coefficients 

and Spearman's rho (cc = 0.05) were found for other roughness parameters, but linear 

fit and outlier removal indicated that these were not relevant correlations (Chapter 7). 

8.3.3.3.3.3 Biceps brachii: Discriminant Function Analysis 

Discriminant function analysis of the three categories (I = normal, 2= abnormal, and 

3= bone former) was poor at correctly classifying the entheses, even when multiple 

roughness parameters were combined. The best classification was achieved using: 

peak number, meal slope, peak frequency, relative length and HSC (Table 8.5). 

However, this achieved only 66.0 percent accuracy and only 40.0 percent for category 

3. It was decided that the bone formers were probably causing these poor results 

because the majority of bone formers had enthesopathies intersected by the profile 

gauge. Therefore, bone formers should be expected to cluster with the abnormal 

entheses for which the majority also had enthesopathies intersected by the profile 

gauge. Removal of the bone formers leaving only categories normal (1) and abnormal 

(2) led to an improvement in classification: 86.5 percent could be correctly classified 

using the roughness parameters Rq, Ra, mean slope, HSC, mean displacement, area 

displacement, and Rq of FFT. However, category I entheses were still poorly 

classified with only 63.6 percent correct. Those four incorrectly classified entheses all 

appear to be less curved than the others (see Figure 8.5 and Appendix VI. ). 
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Figure 8.5 Biceps brachii x: skeleton F219 right side versus skeleton F98 right side. 

F219 F98 

To determine if this was caused by the combination in category 2 of curves which did 

intersect the line with those which did not, these categories were separated. The 

following categories were formed: la = axis not intersecting anomaly (includes 

normal, abnormal and bone formers) and 4= axis intersecting anomaly (includes 

abnormal and bone formers). The percentage correctly assigned was higher than the 3 

category model at 82.0 percent, but again category Ia was only correctly classified in 

56.3 percent of cases (9 out of 16). This may well be caused by the sample size 
difference, or the normal variation in shape of this enthesis. The roughness parameters 

used to achieve this were: Rq, mean slope, peak frequency, relative length, mean 
displacement, and Rq of FFT. These parameters have internal covariance (Box's Mp 

= 0.004), however, this is to be expected given the overlap in their mathematical 

definitions. The data were then subdivided into five categories (I = normal, 21 = 

abnormal but axis not intersecting anomaly, 22 = abnormal with axis intersecting 

anomaly, 31 = bone former but axis not intersecting anomaly, and 33 = bone former 

with axis intersecting anomaly) to determine if the poor classification results for 

category Ia were caused by the pooling of normal, abnormal and bone former data. 

However, sample sizes for categories 21 and 31 were extremely small (3 and 2, 

respectively). It is likely that this affected the overall classification results, as the 

overall classification was 60.0 percent correct using all roughness parameters. 

Discriminant function analysis of the biceps brachii axis y data demonstrates that for 

3 categories (I = normal, 2= abnormal, and 3= bone former) the classification using 

the majority of the roughness parameters was poor at only 72.0 percent accurate. For 

the bone formers this was reduced to 33.3 percent. For this reason discriminant 

function analysis was performed on the normal and abnormal data with the bone 

formers removed. This improved accuracy to 86.5 percent, but only 63.6 percent (7 

out of 11) of the normal entheses were correctly classified. Those incorrectk 
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classified typically had a "peak" near the midpoint of the axis (Figure 8.6). ýý hen 
subdivided into two categories (axis not intersecting anomak = ]a and axis 
intersecting anomaly = 4), the maximum percentage correctly classified was 76.0 
percent. Using this classificatory system only 60.9 percent of the category 4 entheses 
were correctly classified, but the Wilks' lambda is statistically significant, indicating 
that the model is discriminating. When subdivided into five categories (I = normal, 21 

= abnormal but axis not intersecting anomaly, 22 = abnormal with axis intersecting 

anomaly, 31 = bone former but axis not intersecting anomaly, and 33 = bone former 

with axis intersecting anomaly) only 58.0 percent were correctly classified. However. 
it was only the bone formers (categories 31 and 33) which were poorly classified. This 
is unsurprising given that no differences were expected to be found between these and 
other entheses, excepting in the frequency of appendicular enthesopathies found. 

Figure 8.6 Biceps brachii y: skeleton F35 left side in comparison with skeleton F98 left 

side. 

I 
F98 F35 

Table 8.5 Biceps brachii: Parameters best suited to describe this enthesis. 
Roughness parameters Comments 

Biceps brachii x3 Peak number, mean slope, peak Only 40% of category 3 
categories frequency, relative length, and correctly classified. Peak 

mean displacement number correlated with the 
size of this enthesis axis 

Biceps brachii x2 Rq, mean slope, peak frequency, only 56.3% of category ]a 

categories (I a and 4) relative length, mean displacement, correctly classified 
and Rq of FFT 

Biceps brachii x5 All Box's Mp=0.005 and 
categories category 33 only 36.4% 

ctly classified 
Biceps brachii y3 Rq, Ra, HSC, mean slope, relative only 33.3% of category 3) 

categories length, peak number, mean correctly classified 
displacement, area displacement, 
and Rq of FT 

Biceps brachii y2 HSC, peak frequency, and Ra 
categories 
Biceps brachii y5 14SC, area displacement, and Rq of only 33.30'o of both category 
categories FFT 31 and 33 correctly classified 

Clinicallv, the biceps brachii enthesis is described as having a high degree of 
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individual variation (Forthman et al. 2008). The enthesis shape has, recently. been 
subdivided into five different shapes (Mazzocca et al. 2007). The high degree of 
individual variation can be attested to by the differences in shape seen in the profile 
gauge curves, particularly, of the x-axis. This may explain some of the poor findings 

of the discriminant function analysis. The findings may also not reflect the true 
anatomy of the site, if the enthesis does only occupy a small internal subsection of the 
bicipital tuberosity. Future research would require the entheses to be visually 
categorised following the clinical data, prior to analysis, to avoid this problem. 
Nevertheless, the roughness parameters still describe the shape of the enthesis and 
could, therefore, be applied to such future studies. 

8.4 Summary of Discussion 

The main aims of this research were to determine the aetiology of enthesopathy 
formation and to create new recording criteria based on these findings. It was also 
decided that the new recording criteria must be simple, cheap, quantitative and 

repeatable (low intra- and inter-observer error). Three-dimensional methods were 

eschewed because of the difficulties of comparing structures without landmarks 

(O'Higgins pers. comm.; Bookstein 1991). For this reason, two-dimensional methods 

were explored, enabling both size and surface shape to be recorded. The use of the 

profile gauge enabled the surface of the enthesis to be recorded with little intra- or 
inter-observer error. Visual recording was used to supplement the data on 

enthesopathy type, e. g. spur or lytic lesion presence. Clinical data could not be used to 

determine the cause of the different lesions, nor could it supply information on 

whether acute or chronic trauma could be differentiated on the basis of lesions. This 

clearly contradicts Hawkey and Merbs (1995) who stated that lytic lesions were 

supposedly caused by micro-trauma and bone spurs by macro-trauma. Consequently, 

interpretations of activity based on the Hawkey and Merbs method is highly 

questionable. Enthesopathy fon-nation is also related to the ageing process, but it is not 

possible to distinguish between normal ageing and activity-related enthesopathy 

formation. Enthesopathies caused by diseases cannot be distinguished either. There is 

also no basis for the concept that activity affects enthesopath" location in the 

seronegative spondyloarthropathies, as posited by Hawkey (1998). 
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It has been demonstrated that enthesopathies occur more frequentl'ýl in larger entheses. 
This appears to contradict the hypothesis that enthesopathies should be most common 
in smaller entheses because there is a smaller surface area to dissipate force. However. 
in the case of the common extensor origin there was a correlation between larger 

entheses and larger bone size (as measured using normal anatomical landmarks). This 

may indicate that larger individuals had larger entheses and that this increased size 

predisposed these individuals to injury at entheses. Not all entheses demonstrated 

correlations between their size and local bone structures. This is probably caused by 

developmental factors and local constraints on enthesis size, particularly in those 

entheses within joint capsules. Further research is required to determine the 

relationship between size of entheses and size of the individual and development of 

entheses. This would enable conclusions to be drawn on size-related enthesopathy 
formation and on enthesopathy size in bone formers. 

It has been demonstrated that bone formers have more appendicular enthesopathies 

than normal individuals. In this study bone formers were distinguished by the 

presence of sacroiliac joint enthesopathy in combination with spinal enthesopathy. It 

is not clear whether all of these individuals have a bone-forming disease, have an 

ossifying diathesis, or have sacroiliac and spinal enthesopathy caused by activity- 

related stress. Further research is required to determine the cause of these changes. 

Clinically, there are no simple tests to determine the presence of these diseases, but 

many individuals with seronegative spondyloarthropathies have HLA-1327. It may be 

possible to test for this in skeletal remains, but it is not a sine qua non of these 

diseases. Clinical studies of these diseases need monitoring by palaeopathologists to 

remain up to date with new diagnostic criteria. The aetiology of these diseases is 

currently uncertain, and it may be possible that palaeopathology can add to the 

understanding of these diseases. 

Most importantly this research has demonstrated that there is shape variation within 

normal entheses. This is of immense importance for the understanding of how force is 

dissipated at the enthesis. Consequently, it is also of importance for understanding the 

pathogenesis of abnormality development. This is supported by clinical data of size 

and shape of the biceps brachii insertion, which is proving to be important for 
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reconstruction of ruptured entheses (Forthman, ei al. 2008). 
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Chapter 9. Conclusions 

9.1 Review of Clinical and Bioarchaeological Literature 

The purpose of the literature reviews was to place enthesopathy formation in context 
and to determine the causes of enthesopathy formation. In the bioarchaeological 
literature, there have been many studies of activity-related stress in archaeological ly 
derived human skeletal remains. Methods used range from the study of DJD, the 

measurement of the shape of the bone structure (e. g. cross-sectional geometry). the 

presence of trauma as well as the study of MSM (see Chapter 2). MSM are 

enthesopathies in the skeleton, thought to be caused by activity-related repetitive 

movement. This means that their aetiology is fixed in the mind of these researchers. 
The aim of this research was to determine if this is a tenable hypothesis. If it were 

confirmed, then no other causes of enthesopathies should exist and the link between 

repetitive movement and enthesopathies would have to be direct. The review of the 

anatomical literature indicates that this is not the case. There are different types of 

enthesis, with different developmental features in differing mechanical environments. 
Consequently, enthesopathies cannot all be recorded using the same methodology and 
interpretation of the results must occur with these factors in mind. 

Two further literature reviews were undertaken. The first studied the role of physical 

stress, occupation and one-off trauma on entheses (see Chapter 4). The second 

reviewed the literature on disease-related enthesopathy fon-nation (see Chapter 5). 

Whilst bioarchaeologists have often assumed a direct link between MSM and activity- 

related stress, clinical literature paints a different picture. Injury to entheses has many 

causes. The ageing process, biological sex, obesity and smoking are all important 

factors in enthesopathy formation. Many differing types of injury can occur, from 

one-off trauma to chronic (repetitive) trauma. However, the healing process of 

entheses after injury is not fully understood, so the differing appearance of entheses 

(discussed in Chapter 2) cannot be attributed to a single cause. Causes of bone spur 

formation have been recorded with differing aetiologies, as have lytic lesions. For 

these reasons each type of lesion cannot be attributed to a particular cause. Some 

diseases also cause enthesopathy formation, and this must be taken into account when 

studying NISM. It is clear from the literature that the appearance of' these 

293 



enthesopathies does not differ from those caused by repetitive stress, this is because 

there are a limited number of responses of these tissues to injury or disease processes. 
For this reason it is necessary to have a rigorous method for the diaginosis of these 
diseases in archaeological ly derived human skeletal remains. Without this 

enthesopathies caused by disease will be recorded incorrectly as being caused by 

activity-related stress. 

9.2 Pilot studv 

The pilot study was used to develop a new digital recording method that did not 

require large data sets or encounter conservation problems. It was also important that 

the final method should be cheap, simple and repeatable, so that it can be widely used. 

It was decided that only fibrocartilaginous entheses should be recorded because of the 

lack of literature on the normal and abnormal appearance of fibrous entheses (as 

discussed in Chapter 3). The upper limb was chosen because this thought to be the 

best part of the body to study occupational stress; the lower limb is affected by normal 

locomotion and body weight (see Chapter 2). 

A visual system was also created to increase the information on types of enthesopathy 

found at entheses. The Hawkey and Merbs (1995) recording method was considered 

for use, but it does not take into account the normal appearance of entheses, nor do 

any of the methods published prior to 2006 (Villotte 2006). For this reason a new 

method had to be developed. The normal appearance of fibrocartilaginous entheses is 

smooth and well-delimited (Benjamin, et aL 2002). Any deviation from this was 

considered to be an enthesopathy. Spurs and lytic lesions are the most commonly 

discussed, but porosity and woven bone can occur on the surface of fibrocartilaginous 

entheses. They also have "speed bump-like" structures along the surface, giving an 

uneven appearance to an otherwise normal enthesis. In some cases, and this was 

especially common at the subscapularis insertion, the surface had completely lost 

smoothness and had the appearance of cortical bone. This may indicate total rupture 

of the tendon leading to the loss of the enthesis (which is no longer required if the 

muscle is not attached to the bone). This is conjecture because clinical literature tends 

to focus either on the soft tissue changes or damage to the bone, but not to the injury 
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or healing of the enthesis itself. This variation was recorded descriptively. Visual 

appearance was also used to find the edges of the enthesis for measurement. 
Measurement was undertaken to quantify their size and to compare with the size of 
the dry bones. Measurement of the bones had low inter- and intra-observer error rates. 

Cheap digitisation of the entheses was more problematic (see Chapter 6). Three- 

dimensional laser scanning was considered, but this equipment is not available to all 
bioarchaeologists. Artificial drawing of a line across an enthesis was attempted using 

a laser beam and a camera on a long exposure setting. However, determining the start 

and end points of the enthesis was hard on the final image. This method also required 

motorisation of the laser to keep it tracking along a straight line. This method was 

difficult to use and required specialist equipment. The second method used FIMO, a 

moulding agent used by conservation units. However, bone can be very friable and 

this method required contact between the bone and the FIMO. It was decided that for 

conservation reasons, this was an inappropriate method for storing the enthesis data. 

The final method tested involved the use of a profile gauge and a scanner to record the 

two dimensional curvature of the enthesis. This formed the basis of the new recording 

method. 

9.3 New Method 

The aim of the experimental study was to create a new recording method which was 

simple and cheap to use, repeatable and quantitative. Most importantly, it had to be 

based on the information derived from the literature reviews. Two key features stood 

out from these: firstly, that two types of enthesis exist (fibrous and fibrocartilaginous) 

and, secondly, that many diseases can cause enthesopathy formation. Therefore, 

differential diagnoses for enthesopathies were considered vital and criteria developed 

from the literature review of disease-related enthesopathy formation were created to 

group the skeletons into "normal" individuals (i. e. those with no sign of these 

diseases) and "bone formers" (i. e. individuals with possible disease-related 

enthesopathy formation). It should be noted here that the definition for "bone 

formers" (defined in Chapter I as: individuals with a propensity to have 

enthesopathies. By definition in this thesis, this requires enthesopathies at the 
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sacroiliac joint and in the spine) is not the same as the definition proposed by Rogers 

and colleagues (1997) because the presence of osteophytes is not required. I 

A further goal of the experimental research was the creation of a quantitative 
recording method. Reburial of archaeological Iy derived human skeletal remains is 

becoming more common. With a digital method, it is possible to store data and 

reinterpret it at a later date without recourse to study the skeleton. Therefore, a digital 

method was created with a quantitative method of analysis. For simplicity and cost- 

effectiveness a two dimensional recording method was created using a profile gauge 
(commonly used in archaeology for the analysis of pottery). The line drawn was then 

scanned onto a computer. This enabled the surface curvature to be recorded in a 

repeatable manner (see Chapter 7). Measurements of the entheses were also made to 

record size. In this manner size and curvature were recorded and the data stored 
indefinitely. Curvature of the entheses was then assessed using roughness parameters 

commonly used in materials science. This was performed to determine which of the 

roughness parameters were best at differentiating between non-nal and abnormal 

entheses. Bone formers were also tested. 

Summary of the experimental study: 

*A new recording method for fibrocartilaginous entheses was created based on 

the anatomical literature and taking into account the clinical literature on 

physical stress and disease-related enthesopathy formation. 

o One recording method was visual and was defined by the smoothness 

of the enthesis. If the enthesis was not smooth, then it was considered 

abnormal and the type of abnormality was described. 

oA quantitative method for analysis of the data was created based on the 

size and curvature of the enthesis. 

m The data on curvature and size is stored digitally. This means 

that the data can be analysed using different quantitative 

methods, based on the research questions posed or new 

breakthroughs in the understanding of enthesopathy formation. 

Results of the experimental study: 

* Many different types of abnormality occur at entheses. Some of these have not 
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been described in the bioarchaeological literature previously. such as the 
presence of woven bone on the surface of an enthesis. 

0 Bone formers have more appenclicular enthesopathies than other skeletons. 
Individuals with fractures have more enthesopathies, which may be related to 
the trauma that caused the fracture. 

The size of entheses varies between normal entheses, entheses with 
abnormalities and bone formers. Unexpectedly, statistically significant 
differences exist in the size of entheses in bone formers. The cause of this is 

unknown, but may indicate systemic changes occurring during development 

and growth. 

0 The size of entheses does not always correlate (in a linear manner) with the 

size of the bone or the size of the joint upon which they act. In the case of the 

supraspinatus and biceps brachii insertions, this is probably caused by 

localised anatomical constraints, such as the presence of joint capsules or 
bursae. 

The curvature of the entheses can be described using roughness parameters. 

These roughness parameters were able to distinguish between normal and 

abnormal entheses and differentiate bone formers (using discriminant function 

analysis). The success rate was not 100 percent, but this is not surprising given 

that there is considerable normal variation in curvature of entheses. 

9.4 Limitations 

The following limitations were found: 

This study was not performed on skeletons of known occupation. This is the 

greatest limitation of this study because it is unclear which features of enthesis 

structures are best for recording occupation. 

o Sample sizes were small. 

More entheses of the upper limb need to be studied. 

There is a lack of clinical information on the effects of activity-related stress 

on fibrous entheses. 

A method for recording fibrous entheses is required. 

Modem clinical evidence of the effect of activity-related stress on entheses is 
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required. 

9.5 Future research 

New recording methods for enthesopathies were required because bioarchaeological 
literature on MSM did not take into account new clinical and anatomical findings. 
Further research is necessary to fully understand enthesopathy aetiology, but this 
cannot be achieved through literature review. Instead, clinical studies are required on 
the mechanisms of enthesopathy formation (in particularly the different types of 
enthesopathy recorded experimentally) and their causes. Further b ioarchaeo logical 

studies are required on skeletons of known age and occupation (such as the crypt 
sample from Christ Church, Spitalfields, London) to determine if this new method can 
be used to differentiate between manual labourers and non-manual workers. Changes 
in the method of quantification of the surface curvature may be required to best 

achieve this goal. 

9.6 SummaEy 

In summary, the new recording methods developed (and interpreted) on the basis of 

clinical literature reviews have proved valuable in distinguishing between normal and 

abnormal entheses. These new recording methods have demonstrated that there is 

normal variation in surface curvature of entheses and that the entheses of bone 

formers differ in size and shape from other entheses. Further research is required to 

elucidate this latter finding. Digital recording of entheses is also important in the 

current climate of reburial of archaeological ly derived human remains. This allows re- 

study and re- interpretation of the size and shape of entheses without recourse to the 

remains themselves. This avoids the problem of gathering large samples of data from 

different researchers who use different recording methods. 
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