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ABSTRACT 

Title: ADJACENT SEGMENT DEGENERATION FOLLOWING SINGLE LEVEL FUSION AND 

SINGLE LEVEL DISCECTOMY – A COMPARATIVE STUDY 

 

Department: Spinal Disorders Surgery Unit, Department of Orthopaedics 

Name of Candidate: Dr. Jeremy Bliss D 

Degree and Subject: Master of Surgery – Orthopaedics 

Name of the Guide: Dr. Venkatesh K 

 

OBJECTIVES: Determining Incidence of adjacent segment degeneration, its impact on 

the outcome after fusion and discectomy. Compare the two groups to understand 

the natural history of degeneration and influence of surgery. 

 

METHODS: Patients who underwent single level instrumented posterior lumbar 

interbody fusion were evaluated with a minimum 2 year follow-up. The incidence of 

degeneration in the adjacent segment and the remaining lumbar segments were 

measured radiologically with Pfirrmanns, Bridwell, Fujiwara grading systems, 

functional outcome were measured with VAS, ODI, and JOA scoring systems, their 

relationship with certain patient risk factors like age, gender, BMI, co-morbidities, 

occupation and physiotherapy were checked. The findings were compared with a 

well matched control group of patients who underwent single level lumbar 

discectomy with the same follow-up criteria; they were also evaluated with the same 

parameters. 



 

RESULTS:  Adjacent segment degeneration occurs both in discectomy and single level 

fusion surgeries similarly, with the cephalic segment being affected more. There is 

no relationship between radiological degeneration and clinical outcome.  

 

 

 

KEYWORDS: Adjacent segment degeneration, adjacent segment disease 



INDEX 

 

No. Content Page No. 

1 INTRODUCTION 1 

2 REVIEW OF LITERATURE 3 

3 AIMS AND OBJECTIVES 66 

4 MATERIALS AND METHODS 68 

5 RESULTS 78 

6 DATA ANALYSIS 84 

7 DISCUSSION  108 

8 CONCLUSION 112 

9 BIBLIOGRAPHY 114 

10 ANNEXURES 136 

 

 



1 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

  



2 

 

 

INTRODUCTION: 

 

Back pain is a very common symptom for which patient seeks medical help. 

The reported lifetime prevalence of an episode of back pain is 85, with 10-20% of 

people experiencing chronic back pain(1,2). It is estimated that 8 out of 10 adults will 

at some point in their lifetime have low back pain that affects their activities of daily 

living(1). The pain maybe isolated to the back or maybe a radiating type. The source 

of which may be from any part of the spinal anatomy such as the intervertebral disc, 

facet joint, ligaments, vertebrae, muscles, nerve root etc., Among these the 

intervertebral disc degeneration  is the most common cause(3) and includes disc 

herniations , spinal stenosis and degenerative spondylolisthesis. 

Spine related pain is treated with an aim of pain relief and not restoration of 

anatomy. Conservative treatment begins with oral analgesics and physiotherapy. 

Continuations of symptoms are managed with steroid injections or surgery. The 

conservative measures either decrease or modulate the inflammatory response but 

do not address the underlying pathology. Surgical treatment options are discectomy 

or spinal fusion; they provide pain relief but do not restore the load bearing capacity. 

Source of back pain may be the disc, facet joints, nerve roots, vertebral body, 

ligaments and paraspinal muscles. 40% of back pain is related to the disc(4). 
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REVIEW OF LITERATURE: 

Anatomy and Structure of the Intervertebral Disc: 

The spinal column consists of 23 intervertebral discs separating24 vertebral 

bodies. The height and thickness of the disc vary according to the anatomical 

location of the individual discs. The discs have approximately 4cm Anteroposterior 

diameter and vary in height from 7 to 10mm(5), the thinnest discs are found in the 

thoracic region and the thickest in the lumbar region, sometimes up to 14mm in 

thickness(6). The total height of all the intervertebral discs, add up to one-third of 

the length of the spinal column. Together they provide mechanical functionality to 

the spine, including the transmission of axial loads between the vertebrae, 

transverse bending allowing lateral movement in the sagittal and coronal planes. It 

also provides flexibility to the spinal column for extension, flexion and torsion. More 

importantly, the mere presence of the intervertebral discs provides a dampening 

effect of the high-impact and high frequency events and thus absorbs mechanical 

energy(7).The Intervertebral discs are also called the diarthrodial joints of the spinal 

column since they function as articulations between the adjacent vertebrae(8). 
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The intervertebral disc is composed of three parts:  

i. cartilage end plates 

ii. annulus fibrosus 

iii. nucleus pulposus(7) 

Each of these components has unique composition and function thereby ensuring a 

perfect biomechanically functioning intervertebral disc. 

Cartilage Endplates: 

Two thin layers of hyaline cartilage consisting of type II Collagen, 

glycosaminoglycans and water constitute the structure of the endplates. The 

endplates are approximately 1mm thick each and they sandwich the remaining disc 

material between them.  They act as an interface between the vertebral body and 

the disc(7).  

Histological analysis shows that the endplates are loosely attached to the 

vertebral bone by a thin layer of calcium(9) and not directly anchored to them 

through collagenous connections. The collagen fibers in the endplates run horizontal 

and parallel to the vertebral body and enter the disc(10). Chondrocytes are the main 

cells within a mature end plate and they are responsible for maintaining the 

collagenous matrix(11).  

The dense fibers form the high collagen content of the endplates. They help 

in providing a strong barrier limiting the nucleus pulposus from protruding into the 

vertebra and also absorb the hydrostatic pressure and compressive stresses that 
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pass through the spine(12). The endplate also functions as a semi permeable 

membrane allowing movement of solutes between the discs and the vertebrae(13). 

The amount of water and proteoglycan content within the endplate regulate the 

diffusion of nutrients, the decrease in the proteoglycans influences the diffusion and 

is found to be associated with the degenerative loss of proteoglycans within the 

nucleus pulposus(14).  

BASIC COMPONENTS OF THE IVD: 

Components Annulus Fibrosus       Nucleus Pulposus 

Water 
60-70 %, no change with 
age 

90 % at birth 

80 % at age 20 

70 % at older age 

Collagens (collagen I, collagen II, 
collagen X-  collagen X is produced 
by the degenerated disc which has 
very poor mechanical properties) 

Only collagen II, 50-60 % 
with (dry weight) 

Only collagen I, 15-20 % with (dry 
weight) 

Little change with age Little change with age 

PGs (Proteoglycans) 
15-20 % with (dry weight) 65% with (dry weight) 

Little change with age Little change with age 

Non- collagenous proteins and 
elastin 

5-25% with (dry weight) 20-45% with (dry weight) 

Little change with age Little change with age 

Extracellular enzymes, age 
pigments, cells 

Minor remainder Minor remainder 
 

 

Annulus Fibrosus: 

It is a thick fibrous band restricting the nucleus pulposus and thereby 

determines the size and shape of the intervertebral disc. It has 15-25 layers of  

concentric lamellae composed of collagen type I (15,16).  The adjacent layers of the 

collagen fibers within the lamella are parallel in 60° orientation alternating left and 

right to the vertical axis(11). The outer part of the annulus is attached to the anterior 

and posterior spinal ligaments and the vertebral bodies. The inner part is attached to 
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the endplates(7), through the radially passing elastin fibers which form Sharpey’s 

fibers(17,18). This arrangement of the collagen and elastin fibers enables the 

annulus to resist the radial tension caused by axial loading; it functions as a limiting 

membrane like a capsule restraining the nucleus(7). The outer annulus cells are like 

fibroblasts and lie parallel to the collagen fibers; the inner cells are more oval. Some 

of these cells behave like mechanosensory cells having multiple long cytoplasmic 

projections(19,20). 

It contains 65% of water; the rest of the dry content is made up of 55% 

collagen, 20% proteoglycan and 10% elastic fibers. Collagen Types I,II,III, V,VI and IX 

are present, the tougher Type I collagen is mostly seen in the outer annulus and the 

softer Type II Collagen is seen in the inner annulus. This arrangement allows 

compression under strain and recoiling to old shape after the strain is 

removed(21,22). The differentiation between the nucleus and annulus in an adult 

spine is not distinct. The annulus depends on the integrity of the nucleus to prevent 

the collapse of the lamellae inward(7). 

 
A- A proteoglycan aggregate, B - Structure of hyaluronan 
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Nucleus Pulposus: 

It is the semi gelatinous center of the intervertebral disc which is under 

hydrostatic compression(7). This well hydrated aggrecan rich gel contains two types 

of fibers, they are the radially arranged elastin fibers  and the randomly organized 

collagen fibers(19,23). The nucleus pulposus is derived from the endoderm as a 

remnant of the notochord, in contrast to that of annulus and end plates which are 

from mesoderm. The cells are chondrocyte like and are responsible for the 

maintenance and repair of the nuclear matrix(24). 

It is composed of 80% water; the rest of the dry matter is made up of 65% of 

proteoglycan, 17 % Type II collagen. Water is drawn into the nucleus by the 

negatively charged hydrophilic proteoglycans, therefore increasing the pressure 

allowing the disc to resist axial loading. The changes within the disc proteoglycan, 

influences the water content of the disc. Factors like age, disease and degeneration 

influence the proteoglycan content. Biochemical changes like nonenzymatic 

glycation, which occurs in aging and diabetes, also alter the proteoglycans(25,26).  

The disc hydration is also affected by the applied stress(27). The outer nucleus which 

is a transitional zone is regulated by chemical, hormonal and mechanical signals(28). 
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Anatomy of the Arterial supply to the Disc: 

The blood supply for the vertebra starts from the aorta as segmental arteries; 

these vessels enter the vertebral body cross the marrow space and end as capillary 

buds at the cartilage end-plate–bone junction. 

 

Normally four pairs of lumbar arteries from the aorta go behind the vertebral 

body and the fifth pair arises from the median sacral artery. These segmental 

arteries are called intercostals arteries in the thoracic region and as lumbar arteries 

in the lumbar region. These lumbar arteries are arranged longitudinally, forming 

loops both anteriorly and posteriorly. Each lumbar artery supplies the vertebral 
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structures above and below the segmental level with anastamoses with adjacent 

segmental arteries. At the intervertebral foramen the lumbar artery divides into 

branches. 

As the segmental arteries run along the anterolateral surfaces of the 

vertebral body, small branches of each segmental artery enter the vertebra. Along 

the sides of the vertebral body 10-20 periosteal arteries arise from the upper and 

lower surfaces of the lumbar artery.  These periosteal vessels pass up and down the 

surface of the vertebral body and some of these cross the disc spaces through the 

peridiscal tissue and anastomose with their counterparts of the adjacent vertebrae. 

The main source of nutrition to the intervertebral disc comes from these marrow 

vessels that end as capillaries at the endplate. There are small branches on the discs, 

which penetrate the annulus fibrosus at its periphery and act as a source of nutrition 

to the outer disc. 
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Near the intervertebral foramen the segmental artery divides into two main 

branches. One branch goes posterior to supply the posterior vertebral processes. 

Another branch enters the spinal canal through the foramen along the spinal root 

and divides into dural and radicular artery. The segmental arteries supply blood to 

the structures inside and around the spinal canal at each segmental level(29,30). 

The blood vessels that penetrate the subchondral bone to reach the surface 

of the endplate branch into capillaries. These capillaries that supply the disc 

eventually drain into the veins of the marrow spaces of the vertebral bodies. The 

arterioles have a sphincter at the base of the capillaries. These capillaries have 

muscaranic receptors that regulate blood flow in response to external signals; this 

mechanism may explain the decreased nutrient supply in response to smoking and 

vibration. Each capillary coils to form a microvessel loop called a vascular bud and 

each of these loops reassemble to form a venule. The venules form a network and 

enter the subchondral bone(31). 

 



13 

 

 

The shape of the vascular bud near the inner annulus is a simple loop-like 

structure, near the nucleus pulposus it is a swollen and complex coil like loop.  The 

distance between each vascular bud is approximately 50micrometers, and there are 

about 16 vascular buds every 0.1mm² in both the inner annulus and the nucleus 

pulposus(31). 

The density of the capillary bed is more in the central region of the disc and 

decreases toward the outer annulus. The density and integrity of these capillaries 

decreases with age. Any injury to the disc, sclerosis of the subchondral plate and 

mechanical environment affect the capillary bed architecture or the porosity of the 

subchondral plate, which eventually influences the delivery of nutrients to the 

intervertebral disc. 
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Nutrition of the Intervertebral Disc: 

The intervertebral disc is avascular, so for it to remain healthy it requires 

nutrition which is mainly by diffusion which is dependent on the water content of 

the disc(11).  In the first three decades of life there are tiny blood vessels in the 

endplates which supply nutrients to the endplates and the rest of the disc(7).  These 

vessels gradually get disappear along with skeletal maturity, therefore making the 

intervertebral discs the largest avascular structures in the whole body(11).  

 

 

 

The two major pathways of nutrition to the intervertebral disc are:  

i. Diffusion across the endplate 

ii. Through the small blood vessels of the outer annulus fibrosus. 
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The essential nutrients for the disc are glucose and oxygen, which are 

necessary for the survival and normal disc functioning. Other components like 

sulphates and amino acids which are required for the building of the proteoglycans 

transported through the vertebral blood vessels. The outer annulus derives nutrition 

from the nearby soft tissue like the longitudinal ligaments, whereas the inner 

annulus and nucleus depend on the diffusion of small nutrient molecules through 

the endplates from the outer annulus. The subchondral bone of the vertebral body 

has a capillary network which end at the endplate from where the nutrients diffuse 

across the endplates and then through the rest of the disc. Small uncharged 

molecules diffuse through the endplates and annulus to reach the center of the disc, 

while large molecules are excluded from the disc and positively charged molecules 

diffuse easily through the endplates(32,33). 
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The avascular disc is prone for age-dependent post-translational protein 

modifications like nonenzymatic glycation. They occur through amadori 

rearrangement of extracellular sugars forming the advanced glycation end-products 

(AGEs)(34). As age increases these AGEs tend to accumulate and influence the water 

retention capacity of tissues. 

 

The nutrient supply of the disc is affected by molecular and structural 

changes within the disc. Normally the center of the disc has low glucose and low 

oxygen levels(35). Certain factors like calcification of the endplates, decrease in 

blood flow and decrease of proteoglycan synthesis influence the availability of 

nutrients. Lack of nutrients causes secretion of proteolytic enzymes causing cell 

death followed by degradation of the extracellular matrix(36–40). 
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Differences in the intervertebral discs of the cervical, thoracic and lumbar regions: 

The difference in thickness of the intervertebral discs at various levels is 

associated with the function of balancing the range of movements and the 

mechanical load. The disc height is greatest in the lumbar region, followed by 

cervical and the least in the thoracic level(41). The caudal discs are capable of 

bearing the major load of the upper torso and the upper limbs, the larger disc allows 

more axial deformation and the increased cross-sectional area distributes the forces 

to decrease the overall stress(42). 

The cervical and lumbar discs allow flexion, extension and lateral flexion; they 

are thicker in the anterior direction than in the posterior causing the lordotic curves. 

This feature is predominant in the fifth lumbar disc which is responsible for the 

lumbosacral angle. The lumbar discs allow less rotation compared to the cervical 

discs. Absence of disc and presence of horizontally oriented facet joints at the C1C2 

level is the reason for maximum rotation around the odontoid. The cervical 

vertebrae transverse diameters are more than those of their intervertebral discs 

causing the edges of the vertebral bodies to almost overlap(43). 

The movement in the thoracic spine is restricted owing to the presence of 

costovertebral joints, thereby increasing the stability to withstand axial loading(44). 

The rib cage and the sternum act as a barrel resisting flexion, extension and lateral 

flexion especially in the upper two thirds of the thoracic spine. The intervertebral 
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discs of the lower thoracic spine are thicker and allow increased mobility and ability 

to resist axial forces in comparison to the discs in the upper thoracic region(45).  
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ANATOMY OF THE SPINE MUSCULATURE: 

Muscles of the spine are an integral part of the movement and stability of the 

spine. They work in co-ordination with the vertebral column, ligaments and neural 

components and they prevent any excessive movement in one direction. They are 

divided into Intrinsic and extrinsic muscle groups. The Intrinsic muscles connect the 

vertebrae to each other and are innervated from the dorsal rami of spinal nerves and 

the extrinsic muscles connect the limbs to the vertebrae and they are innervated by 

the ventral rami of spinal nerves. 

Extrinsic muscles of the back: 
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The muscles connecting the vertebral column to the shoulder are the 

trapezius, the latissmus dorsi, the levator scapulae, rhomboideus major and minor, 

the serratus posterior superior and serratus posterior inferior. 

The muscles connecting the vertebral column and the pelvic girdle are the 

psoas major and the quadrates lumborum. 
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Intrinsic muscles of the back: 

Superficial Layer:Consists of the erector spinae, which is the largest muscle 

mass in the back, it is well developed in the lumbar region and is known as the 

sacrospinalis. From lateral to medial this comprises three muscles: iliocostalis, 

longismus and the spinalis. 

Intermediate layer: Consists of transversospinalis and multifidus muscles 

Deep Layer: Consists of interspinalis and intertransversarii muscles. 
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Muscles that indirectly influence the spine are the External Oblique, Internal 

Oblique, Transversus abdominis, rectus abdominismuscles. 

 

 

Function of the Spinal musculature: 

Next to the vertebral column the muscles of the back are the most important 

structures of the back, playing a major role in the normal functioning of the spine.  

They help in all the range of movements and maintain the normal posture. They also 

function as shock absorbers. Their bulk protects the spine from the external forces. 

The anterolateral abdominal muscles do not have direct attachment to the spine, 

but they aid in flexion, lateral flexion and rotation movements.  They also help in 

maintaining posture and intra-abdominal pressure. These muscles especially recti 
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help in flexing the spine in a fixed pelvis. The external oblique rotates the trunk away 

from the side of contraction and internal oblique turns to the same side. 

The spinal muscles are skeletal muscles and have a complex architecture; which is 

defined as the microscopic arrangement of the muscle fibers in relation to the axis of 

force generation(46), in other words it defines the muscle function. Three main 

types of muscle architecture are described: 

i. Longitudinal: has fibers parallel to the axis of the force 

ii. Unipennate: has fibers oriented at a single angle relative to the force axis. 

iii. Multipennate: fibers oriented at several angles relative to the force axis. 

Most of the back muscles are multipennate. They have very little tendon at 

their ends, there is a complex arrangement of internal tendons and aponeuroses. 

They have broad attachments, branch frequently and have multiple insertions at 

multiple vertebral levels. Some have short fascicles and high pennation, while others 

have long and parallel fascicles. The force generating and moment generating 

capacity depend on these factors, which in turn influences the control and 

mechanism of injury. 

The length of the fascicle and the moment arm of the spinal muscles change 

with posture, for example; in the lumbar spine the function of the erector spinae 

changes with flexion. The line of action changes and therefore its capacity to resist 
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anterior shear forces is decreased, which is an important because the anterior shear 

loads are related to the risk of back injury(47). 

Spinal Musculature dysfunction is hypothesized to cause segmental 

instability, low back and neck pain and disc degeneration. Chronic back pain patients 

show a selective decrease in extensor strength in comparison to flexors, back pain 

may inhibit neuromuscular function via nociceptive reflex feedback mechanism. 

Prolonged disuse and deconditioning causes muscle atrophy. Transverse abdominis 

muscle is the first muscle to be activated before the other spine muscles; it is found 

that in low back pain patients there is delay in its activation.When a skeletal muscle 

is suddenly lengthened when it is activated it results in muscle injury.  

There are three ways of muscular injury: 

i. The muscle itself may be injured because of eccentric contraction  

ii. The muscle forces can alter the load distribution within the anatomic 

structures clinically linked to pain. 

iii. Muscle activity can alter spinal stiffness and kinematics, which indirectly 

affect the load and strains on the soft tissue(48,49). 

Muscle dysfunction destabilizes the spine, decreased the facet joint loading and 

increased the load on the disc and ligaments(50). 
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PATHOPHYSIOLOGY OF DISC DEGENERATION: 

With aging and degeneration, the intervertebral disc is transformed from an 

efficient shock absorber, which is capable of withstanding increased loads into an 

incompetent fibrous tissue prone for cracks and fissuring which result in various 

clinical disorders. 

The embryonic spine is formed from central notochord and the surrounding 

mesoderm, the nucleus pulposus arises from the notochord and the annulus fibrosus 

from the mesoderm. The different embryological origins explain some of the 

differences in structure, organization and biochemical composition between the 

nucleus and the annulus(51).  
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The two major proteins that form the intervertebral disc are the collagen and 

the proteoglycans. The main function of the collagen is to provide tensile strength to 

the disc. Type I collagen is abundant in the annulus fibrosus and is responsible for 

the tough fibrous nature. Type II collagen is abundant in the nucleus pulposus and is 

responsible for its more malleable nature. 

Proteoglycans are a type of glycoprotein made up of glycosaminoglycans 

(GAG), the most common of which is Aggrecan. This aggrecan is composed of 

chondroitin-6 sulfate and keratin sulfate side chains which are bound to a core 

protein. These large highly charged aggrecan molecules have water binding capacity 

because of their negative charge and the hydrophilic nature. The nucleus pulposus 

cells produce large amount of these proteoglycans and aggrecan, enabling it to draw 

in water and maintain the gel like consistency which provides the compressive 

cushion effect. The annulus cells also produce proteoglycans. Proteoglycans also 

affects the permeability and diffusion rates of the intervertebral discs(52).  
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Growth Factors: 

The development, regulation and degeneration of the intervertebral discs are 

influenced by several growth factors. Each of them has different effect on the 

nucleus pulposus and the annulus fibrosus depending on the stage of development 

or degeneration. BMP-2, OP-1, insulin growth factor-1(IGF-1), fibroblast growth 

factor (FGF) and IL-1 are some of the important growth factors in this regard(53–58). 

Bone morphogenic proteins are multifunctional growth factors belonging to 

the TGF-beta family and maybe involved in the homeostasis of the intervertebral 

disc. Recombinant BMP-2 stimulates the expression of a chondrocyte phenotype in 

the disc cells and also cause up regulation of aggrecan, collagen I and collagen II 

mRNA. Osteogenic protein-1(OP-1/BMP-7) and insulin growth factor-1(IGF-1) are 

other factors which produce proteoglycans. Basic FGF is an important regulator of 

proteoglycan metabolism and cartilage homeostasis by acting as a pro-catabolic 

agent and anti-anabolic mediator(59–62). 

 IL-1 is a pro-inflammatory cytokine contributing to the loss of matrix 

homeostasis by inhibiting aggrecan synthesis(63), it plays a catabolic role and 

increases proteoglycan degradation and stimulates production of matrix 

metalloproteins, nitric oxide and prostaglandin E2 by the disc cells(64–66).  
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Mechanism of Disc Degeneration: 

Homeostasis of intervertebral disc: 

The cells of the nucleus and the annulus regulate homeostasis through 

cytokines, enzymes, enzyme inhibitors and growth factors(53,57). Degeneration of 

the disc may occur due to the imbalance between the anabolic and catabolic 

processes(67).Pro-inflammatory cytokines, expression of matrix-degrading enzymes 

including matrix metalloproteinases, aggrecanases and growth factors are associated 

with disc degeneration(64).  

Microscopic degeneration: 

The ratio of Type I to Type II collagen changes with age, increasing the fibrous 

type I collagen in both the nucleus and the annulus(68). The collagen fibers 

themselves get altered by proteolytic cleavage of collagenases and nonenzymatic 

cross linking of collagen, which change the mechanical properties of the cells of the 

disc(69).  

Loss of aggrecan is another factor, with increasing age there is decreased 

production of proteoglycans, therefore less aggrecan(70–72). The chondroitin 

sulfates in the side chains of the glycosaminoglycans are replaced by keratin 

sulfate(73). These changes decrease the water holding capacity of the disc.  
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Microscopic Disc Degeneration Cascade 

The loss of Type II collagen and aggrecan decreases the ability of the disc to 

compress and swell. The various microscopic changes in the proteoglycans and the 

collagen gradually starve the disc off its nutrition. Added to this the cell viability and 

synthetic capacity decrease with age resulting in cell loss through apoptosis and Fas-

mediated mitochondrial caspase-9 pathway(39,74,75). Therefore the overall 

disruption of homeostasis, decreased nutrition, cell changes and apoptosis accounts 

for the microscopic degeneration of the disc. 
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Macroscopic Degeneration: 
 

All the changes in the microscopic level together create the macroscopic 

changes, the inflow and outflow of water which is the basis of the creep 

phenomenon in a normal disc is hampered in a degenerated disc. This alters the 

deforming capacity of the disc and slows down the recoiling character when the load 

is removed(76). 

Uneven stress distribution and repetitive loading cause local trauma; which is 

not repaired properly by the aging disc(77).Multiple such localized trauma, 

decreased turnover and synthetic rate of the disc cells progressively weaken the disc, 

making it vulnerable to further injury. Fissures and radial tears can develop in the 

annulus and further loading of the weakened disc ultimately leads to herniations of 

the nucleus. As a result a marginal instability starts within the spinal units, and these 

biomechanical changes result in biochemical changes within the disc. The load now 

shifts to the posterior elements, overloading the facet joints and increase the 

demand on the musculoskeletal tissues also. 

By the third decade of life the blood supply to the center of the disc 

effectively recedes, making the disc depend mainly on diffusion for nutrition. And 

with age the endplates calcify causing hindrance to the diffusion(78).  The 

combination of altered biomechanics and compromised blood supply results in a 

acellular, avascular disc with decreased potential for self-repair. 
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Age related disc degeneration-Thompsons grading 
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GENETICS OF DISC DEGENERATION: 

 

Genetic Influence: 

Monozygotic twin studies have shown that there is 29-54% genetic influence 

for the disc degeneration seen(79). Disc herniations are found to be more in patients 

with a similar family history. Such twin studies had the disadvantage that they have 

similar environmental exposures and recall bias. In another observation eliminating 

these bias it was revealed that genetic influence was seen, both in near relatives 

with similar environmental exposures and in distant relatives who had different 

environmental exposures(80). 

Associated genes: 

In 1998 Videman at al found that Taql and Fokl of the vitamin D receptor 

gene were associated with disc bulging, decreased MRI signal intensity and 

decreased disc height(81). Genes encoding type-IX collagen, type-XI collagen, 

cartilage intermediate layer protein, aggrecan and MMP-2 and other disc proteins 

have association with disc degeneration (82–86). Gender and ethnic differences may 

play a role in the genes responsible for disc degeneration. 

The role of structural, degenerative and inflammatory genes was shown in a 

study which correlated the MRI findings and the genetic data, evaluating aggrecan 
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gene, 12 collagen genes, 8 interleukin genes and 4 matrix metalloproteinase genes. 

They were found to be associated with the radiographic degeneration(87). 

The theory of chronic pain condition being related to disc disease more than 

biomechanical problems have been proposed by some quoting the variation in 

symptoms in individuals with radiographic disc degeneration.  Catechol-O-

methyltransferase(COMT) encodes an enzyme which is important for the breakdown 

of pain – causing neurotransmitters dopamine and epinephrine. Variations in COMT 

allele have been linked with post-operative outcomes in patients with lumbar disc 

degeneration; homozygotes experience better improvement than 

heterozygotes(88).  

Genes associated with Disc Disease 

Gene Category Examples 

Vitamin D Receptor Fokl and Taql 

Aggrecan ACAN 

Collagen COL1, COL9, COL11 

Cartilage CILP 

Interleukin IL1, IL6, IL10, IL18 

Matrix metalloproteinase MMP1, MMP2, MMP3, MMP9 
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The GCH1 gene encodes a protein in nitric oxide synthesis. Nitric oxide 

synthesis is involved in pain transduction. A single nucleotide polymorphism (SNP) 

within the gene was associated with significant improvement in functional outcome 

and pain in patients with disc degeneration. The regenerative effects of the proteins 

associated with disc degeneration have been seen in animal and human models(55). 

The role of collagen variants and extracellular matrix components on the disc 

degeneration, if understood better will lead to improved diagnosis and treatment of 

disc degeneration.
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ROLE OF INFLAMMATION: 

INFLAMMATION IN DISC DEGENERATION: 

Spine degeneration is progressive and can be related to the initiation and 

propagation of anti-inflammatory cascade.  

Inflammatory mediated pain 

As the disc degeneration progresses the tears in the annulus fibrosus triggers 

ingrowth of blood vessels and nociceptors into the outer and inner annulus. Pain is 

caused when these nociceptors and the cytokine signals of the inflammatory 

mediators are stimulated. 

Inflammatory molecules involved in disc degeneration 

IL-1β Interleukin 1 beta 

TNFα Tumor necrosis factor alpha 

IL-6 Interleukin 6 

iNOS Inducible nitric oxide synthase 

PGE2 Prostaglandin 2 

MMP Matrix metalloproteinases 

ADAMTS A disintegrin-like and metalloprotease with thrombospondin 

Type 1 motifs 
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Pain response is triggered by inflammatory mediators through many 

biochemical pathways and symptomatic patients have inflammatory mediators 

which are not present in asymptomatic patients, for example Interferon gamma(89), 

interleukin I beta and tumour necrosis factor alpha. These findings show that there is 

a connection between inflammation and back pain, probably this is the reason why 

some patients with less radiographic disc degeneration have pain while others with 

more radiographic degeneration have less symptoms. 

Pathogenesis of Inflammatory Cascade 

With aging disc degeneration progresses due to the decrease in disc water 

content which is a result of the decreased proteoglycans and collagen content. These 

changes initiate the inflammatory cascade which in turn aggravate the proteoglycan 

deficiency and disorganize the endplate articular cartilage matrix(90). 

The major proteoglycan and collagen degradative enzymes responsible for 

disc degeneration are the matrix metalloproteinase (MMP) and ADAMT (a 

disintegrin and metalloproteinase with thrombospondin motifs)(91). They are 

produced by chondrocyte like cells in the nucleus and inner annulus, and they are 

regulated by inhibitors of metalloproteinase (TIMP). Dysregulation of MMPs, 

ADAMTs and TIMPs result in catabolism. 
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Inflammatory response to disc degeneration 

Intervertebral disc cells in response to disc injury produce inflammatory 

mediators like interleukin 1β and TNFα. IL-1β increases the matrix metalloproteinase 

2 (MMP-3), MMP-13 and ADAMTS-4 and decrease the genes for matrix homeostasis- 

aggrecan, collagen II and collagen I), it also induces nitric oxide (NO), interleukin 6 

(IL-6) and prostaglandin E2 (PGE2). IL-6 decreases collagen and aggrecan and 

proteoglycan synthesis and increases MMP-3 and TNFα(92,93).  

TNFα decreases gene for aggrecan and Type II collagen and increases the 

gene for MMP-1, MMP-3, MMP-13, ADAMTS-4 and ADAMTS-5. It also stimulates IL-

6, IL-8 and PGE2(94,95). 
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Response to inflammatory cascade 
 

Disc injuries like annular tear change the histology of the disc, in the form of 

vascularized granulation tissue along the tears. This granulation tissue extends 

through the annulus into the nucleus(96,97). They contain vascular endothelial 

growth factor (VEGF), fibroblast growth factor (FGF) and transforming growth factor 

1β (TGF-1β) which is not seen in normal discs. The new vascularization of the disc 

brings macrophages and mast cells as an additive to the inflammatory cytokines(97). 

These macrophages apart from their own catabolic activity they also increase the 

expression of the inflammatory cytokines like IL-6 and IL-8(98). 

Along with the angiogensis neurogenesis also happens. IL-1β and TNFα are 

released by the injured annular cells which increase the nerve growth factor (NGF) 

and brain-derived neuropathic factor (BNP) in the nucleus(99); they in turn induce 

formation of sensory axons and nociceptive sensory neurons. These new 

innervations contribute to the discogenic pain(97,100).  NGF also sensitizes 

nociceptors and the inflammatory mediators irritate the new nerve endings, both 

causing increase in pain. 
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Catabolic proteins involved in disc degeneration 

Catabolic protein Inhibitor 

IL-1β IL-1 receptor antagonist (IL1-Ra) 

TNFα TNFα monoclonal antibody 

IL-6 IL-6 receptor antibody 

MMP Tissue inhibitors of metalloproteinases (TIMP) 

ADAMTs Tissue inhibitors of metalloproteinases (TIMP) 

PGE2 Cyclooxygenase (COX) inhibitor 

 

Treatment for disc pain should be targeted on the major inflammatory cytokines and 

mediators. IL-1β is the significant disruptor of the homeostatic balance and so 

inhibitors of IL-1β produce an overall suppression of the inflammatory response.   
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INFLAMMATION IN FACET JOINTS 

The facet joint is a zygoaphophyseal joint made up of both inferior articular 

facet of the superior vertebra and superior articular facet of the inferior vertebra. 

The joint is lined by hyaline cartilage and covered by fibrous capsule with synovial 

fluid inside. The cartilage is made up of water, type II collagen, chondrocytes and 

extracellular matrix. 

The synovial fluid is produced by two types of synovial cells lining the joint, 

Type-A cells are like macrophage and Type-B cells are like fibroblasts. The synovial 

macrophages initiate their inflammatory response only when the joint is damaged. 

They release IL-1β and TGFα, which in turn stimulate angiogenesis, leukocyte and 

lymphocyte recruitment, fibroblast proliferation, IL-6, IL-8, protease and 

prostaglandin secretion. These macrophages also interact with T cells which increase 

proinflammatory mediators like IL-1α, IL1β, TGFα and MMPs(101,102). The synovial 

macrophages are found more in affected patients; therefore these synovial 

macrophages are good targets for biological therapy to reduce inflammation. 

Chronic overload of the facet joints results in arthritic changes and the 

orientation of the joint line becomes coronal(103). This increases the biomechanical 

stress on both the disc and the facet joints which induces the inflammatory 

cascade(104). 
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The increased load on the facet joint which induces the inflammatory cascade 

eventually causes the hyaline cartilage to change to fibrocartilage in the joint 

surface. The fibrocartilage is prone for more degeneration on loading(105). Together 

the articular cartilage loss, capsule redundancy and degeneration of the joint finally 

lead to spondylolisthesis. 

 

 

 

 

 

 

 

 

 

As in the intervertebral disc there is angiogenesis and neurogenesis which 

occur in the facet joint articular cartilage which is normally avascular. The vessels 

and nerve fibers travel from the subchondral bone to the articular cartilage(106). IL-

1β and TNFα sensitize the nerve fibers resulting in hyperalgesia. IL-1β is highly 
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concentrated in the facet joint capsule in symptomatic patients compared to 

asymptomatic patients(107). Animal experiments with IL-1β receptor antagonists 

have shown that MMPs decrease resulting in chondroprotective effect(108). 

Inflammation in Central and Peripheral Neural structures: 

Peripheral Radiculopathy: 

Radicular pain occurs as a result of nerve root compression due to disc 

herniations or nerve root irritation. The nerve root irritation could be the reason why 

many symptomatic patients do not have corresponding radiographic findings. The 

relief of symptoms for such patients with NSAIDS may be explained by an 

inflammatory cause for the radiculopathy(109). 
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Disc herniations expose the nerve roots to the inflammatory factors of the 

nucleus, which decreases the nerve conduction velocity and hyperalgesia. It also 

causes axonal degeneration, decreased intraneural blood flow, intravascular 

coagulation and myelin edema(110–113).TNFα causes Schwann cell injury, nerve 

edema, myelin splitting and fibroblast and macrophage activation of the peripheral 

nerves and nerve roots(111,114). TNFα, IL-1β, inducible nitric oxide synthase (iNOS) 

and cyclooxygenase 2 (COX-2) also play important role in radicular pain following 

compression(115). The herniations of the nucleus and nerve root displacement 

together induce more pain than individually(116). 

Nerve root compression causes damage to nerve fibers decreasing blood flow 

and increasing vascular permeability due to disruption of the blood nerve barrier of 

the intraradicular vessels. There is increase in endoneurial pressure and 

subsequently nerve damage(111). Once the myelin sheath is disrupted the T-cells 

which lie within the nerve roots release IFN-I and macrophage activating molecules, 

following which the macrophages infiltrate and phagocytize the damaged tissues. 

The macrophages release TNFα and IL-1β which also irritate the nerve root. 

Spinal stenosis: 

Spinal stenosis is seen in spondylolisthesis, ligamentum flavum thickening, 

vertebral osteophytes, bulging discs and hypertrophied facet joint(117). Narrowing 

of the central canal, lateral recesses or neural foramina result in neural compression. 

Movement affects the space within the canal; extension decreases central and 
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foraminal area and also decreased midsagittal and subarticular sagittal diameters, 

the opposite happen in flexion(118). So the patient adopts a forward leaning stance 

since they are symptomatic in spinal extension. 

With aging the ligamentum flavum becomes thicker and less elastic, the elastic fibers 

are replaced with Type-I collagen. The mesenchymal stem cells and fibroblasts in the 

ligamentum flavum release TGF-β influencing the inflammatory cytokines(119,120). 
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BIOMECHANICS OF NORMAL INTERVERTEBRAL DISC: 

 

A functional spinal unit is one which is composed of two adjacent vertebrae, 

the intervertebral disc in-between, superior and inferior facet joints and the 

connecting ligaments. The spinal unit allows multiaxial movement and loading of the 

spine and also distributes the stress from both axial and eccentric compression 

forces(121). The intervertebral disc is responsible for the load bearing, shock 

absorption and mobility between vertebrae. The facet joints are true synovial joints. 

The intervertebral disc is a major contributor to the biomechanics of the spine. The 

disc has the capacity to resist anterior and lateral shears and compression therefore 

making it an important weight bearing part of the spine(122). Disc degeneration is 

associated with normal aging, it can also occur due to other reasons like mechanical 

factors causing structural damage in the form of annulus tears, disc prolapse, 

internal disruption, end plate damage and disc space narrowing(123–125).  
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The disc ages through a sequence of stages as a result of biomechanical, 

biochemical and inflammatory factors, these stages are known as the degenerative 

cascade. The normal physiological microtrauma causes annular fissuring and tears 

which is the dysfunctional phase. Water content of the nucleus pulposus decreases 

and the nature of the proteoglycans change leading to reduction of hydrostatic 

pressure thereby decreased disc height and alteration in load distribution. This 

results in overload of the annulus and facet joints, the annulus not able to withstand 

the compression gets multiple tears and the disc bulges or herniates decreasing the 

disc height further, leading on to delamination which is the instability phase. Such 

bulges or herniations may impinge on the cord or a nerve root resulting in 

radiculopathy, radicular pain may also be due to the leakage of inflammatory 

cytokines through the annular tears.  
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As a compensatory mechanism in response to the decreased disc height 

osteophytes are formed around the adjacent vertebra which is the phase of 

stabilization(126). The facet joints show features of arthritis due to the 40% 

increased loading of the neural arch(124). The nucleus herniates through the end 

plates and forms schmorl’s node which may cause inflammation(123). These changes 

are irreversible in older age groups. Aging and various other factors together cause 

disc degeneration, but the mechanism of initiation of the process and  its progress is 

still being evaluated(124,127). Male population tends to have more disc 

degeneration(128,129). Heredity has also been attributed in explaining the variability 

of natural disc degeneration in different population groups and many gene forms 

associated with disc degeneration have also been identified(130). The natural 

degeneration is higher at L4-L5 & L5S1, probably due to increased loading in that 

region (131,132).   
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BIOMECHANICS OF DISC DEGENERATION: 

 

The nucleus pulposus acts as a gelatinous mass, which decreases in volume 

when subjected to compressive forces. There is also an increase in the hydrostatic 

pressure, which causes bulging of the annulus. During the day the disc height 

decreases as the compressive load squeezes water out of the disc and the creep of 

the viscoelastic annulus collagen fibers, both these processes are reversible in a 

healthy disc with the unloading of the spine during bed rest(133,134). Longer the 

duration of spine loading greater is the annulus bulge and facet joint loading, there is 

alteration in the structure and function of the disc(135,136). Studies have shown 

that the posterior and posterolateral annulus have the highest risk for prolapse, 

especially in a normal or mildly degenerated disc. Moderate and severely 

degenerated discs have lower risk for prolapse(137).  
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Prolonged sitting leads to sustained axial loading altering the viscoelastic 

properties of the disc and the vertebra. There is increase in load across the disc at 

the resonant frequency of the spine 5 to 8 Hz range, which can occur during 

common postures in workplace. The nucleus pressure is 150% at the resonating 

frequency(138).  Sitting with bending postures apply more pressure to the disc than 

standing and recumbent positions. There is variation in the intradiscal pressure with 

every posture,as illustrated in the above picture. Muscle dysfunction destabilizes the 

spine, decreases the facet joint loading and increases the loading of the disc and 

ligaments(139).  
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Disc space narrowing, increases the pressure between facets 

significantly(140). Damage to disc causes disproportionate loading of the facet joints 

(16). Discs at the adjacent level to a degenerated disc experience high tensile and 

shear forces during the end range of motion, they also noted that the facet joint 

motion at the degenerated and adjacent levels were altered(141).  Disc degeneration 

leads to facet joint arthritis(142–145), but it may take more than 20 years to develop 

facet joint arthritis following the onset of disc degeneration and is therefore 

associated with grade IV and V Disc degeneration(146). Axial rotational motion is 

most affected with disc degeneration and the effects of disc degeneration on the 

motion were similar between genders, facet joint arthritis affected the segmental 

motion(147). The amount of disc degeneration differs with each patient and so do 

the treatment options, ranging from conservative treatment to surgical intervention 

aimed at relieving the pain, prevent progression of degeneration at the same level 

and the adjacent levels. Surgical treatment also ranges from simple discectomy, 

fusion to total disc arthroplasty(1).  
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BIOMECHANICS OF SPINAL INSTRUMENTATION: 

Implantation of spinal devices is to alter the abnormal biomechanics of spine 

caused by the degeneration to near normal biomechanics. The implants can be 

evaluated by comparing the stability of the implant to that of an intact spine. The 

effects of decompression and stabilization by these implants are tested using in-vitro 

studies and finite element based biomechanical studies using standard test 

protocols, thereby providing information regarding safety and effectiveness of the 

implants before clinical use(149–151).  

Fusion causes movement limitation of the involved level and therefore 

reduces further degeneration and relieves pain. The main indications for fusion are 

prolonged back pain, recurrent disc prolapse, instability and failed conservative 

treatment(1). Spinal fusion surgery can be either with or without instrumentation 

and bone grafting. Pseudoarthrosis is occurs in cases of fusion without 

instrumentation. Cages filled with bone graft are used, such bone grafts in-between 

the vertebrae experience 80% load and occupy 90% of bony area with rich 

vascularity thereby enhancing  fusion(152).  Spinal instrumentation maybe in the 

form of pedicle screw system and rods, plates, clamps and wires. Pedicle screw 

system is effective in achieving high fusion rates(153).  Jutte et al. reported a 0.9% of 

Implant failure, others reported rod fractures, screw cutting out(154–157). The 

success of fusion is to achieve arthrodesis in order to provide stability and relieve 

pain, the present day techniques achieve fusion in 95% of cases and pain is relieved 
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in only 70% of cases(158). The chief complication of fusion is adjacent segment 

degeneration. Some authors claim it to be part of the natural aging process while 

others argue it to be due the fusion (159).  
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BIOMECHANICS OF LUMBAR INTERBODY FUSION: 

Lumbar interbody fusion was described by Capener in the 1930’s, many 

techniques have been described later. The basic goal of interbody fusion is a 

mechanically stable construct that restores disc height, increases foraminal 

dimensions, coronal and sagittal balance(160). Surgical approach, implant choice and 

position are very important. 

 

The lumbar spine when loaded behaves like a flexible and compressible 

column. The spine is made up of alternating rigid bony structures and flexible soft 

structures in the form of vertebral bodies and the intervertebral discs, anterior and 

posterior longitudinal ligaments, paraspinal muscles and posterior ligamentous 

complex(161). 

A successful interbody fusion is well described by Wolff’s law, according to 

which, adaptive remodeling of bone occurs on application of stress in order to resist 

the stress better(162). Initially discectomy is done following which the graft bed is 

prepared and then the interbody spacer and the bone graft are inserted in the load-

bearing axis of the spine. In an ideal situation there is optimal distribution of load 
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shared between the implant and the bone graft. Stress shielding is defined as an 

implant induced reduction of load on the bone to an extent that stress reduction 

osteopenia or pseudoarthrosis occurs(163).When there is too much load on the 

implant, the bone graft does not get enough stress that is needed for healing;  This 

causes delayed union or nonunion, secondary to stress shielding; ultimately leading 

to implant failure or subsidence causing loss of intervertebral height. 

The implants are placed in the disc space to restore the disc height and also 

to provide mechanical support, and its purpose is to maintain alignment and stability 

till there is arthrodesis. The commonly used weight bearing spacers are autograft, 

allograft and synthetic cages.  

The concept of distraction-compression for mechanical stability(164) is used 

here; the intervertebral space is distracted by the implant stretching the annulus into 

tension. Evans compared this to a flagpole; the interbody spacer being the flagpole 

bears the compressive load and the distracted and fixed annulus and posterior 

ligaments being the tensioned cables bear the tensile load(161). 

 

Vertebral endplate showing the ring apophysis and the central cancellous bone 
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To avoid graft subsidence the implant should be placed along the endplates. 

The inferior endplate is stiffer and 40% stronger than its superior counterpart. The 

outer rim of the endplate which is called the ring apophysis is stronger than the 

central region. The cortex of the vertebral body is capable of bearing heavier loads 

than the central cancellous part. So when the forces are distributed along the ring 

apophysis  the axial load bearing capacity is superior. 

 

A- Cross sectional view of the intervertebral space with an implant placed peripherally  
B- B- A sagittal view of the peripherally placed implant.  
C- Cross sectional view of a centrally placed implant.  
D- Sagittal view showing the subsidence due to prolonged stress-concentration. 

 

The cartilaginous endplate and the outer cortex is removed before placing 

the fusion device(165). Clearing of the fusion bed helps in increasing the surface 
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contact area and bony ingrowth into the implant. It is found that if the endplate is 

removed there is 50% decrease in its integrity(166,167). Increased movement in the 

bone implant interface hampers fusion, bone mineral density is found to be 

indirectly proportional to the bone implant interface motion. Using of cages 

significantly decreases the intervertebral movements in flexion and lateral bending. 

Adding pedicle screws, rods or plates improves the stabilization in flexion, extension, 

lateral bending and axial rotation(160,168–173).  

Interbody cages: 

 

The interbody spacer is the key for a successful fusion; they help in 

stabilization by restoring disc height, maintaining lordosis and directing load 

transmission through the anterior column(174). There are many choices of spacers 

for reconstruction of the anterior column. The geometry, size and materials used for 

grafting are all influential in the success of fusion. The commonly used graft 

materials are: autograft (iliac crest, fibular strut), allograft, titanium mesh cages, 
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polymeric cages (polyetheretherketone [PEEK]), rhBMP-2 and ceramics. Because of 

complication of bone harvesting and the availability, biocompatibility and proven 

efficiency of the synthetic material, the use of autograft as interbody spacer has 

deteriorated. Local bone graft or allografts are used by packing into the cages as 

bone grafts. 
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Cage designs are important in preventing subsidence and creating stability, 

there are many designs like threaded, cylindrical titanium mesh, rectangular and 

wedge-shaped cages. The wedge shaped cages are preferred since their geometry 

improves lumbar lordosis and restores sagittal balance, so they are preferred for 

avoiding flat-back deformity in PLIF.  

The surface area of the endplate-graft interface is also important, 

pseudoarthrosis can occur from inadequate contact. The graft should cover atleast 

30% of the endplate area for good weight bearing capacity without subsidence(175). 

Maximizing the contact area between the cage and the endplates and 

circumferential placement of bone graft around the cage results in near normal 

physiological stress distribution(176,177). Use of wider cage allows more efficient 

transfer of force, through better contact with the peripheral endplates(178). Larger 

implants reduce the peak contact pressures and increase the implant-endplate 

contact area(177). 

The cage material may be stainless steel, titanium alloy, ceramic, carbon fiber 

or polymer (PEEK). The ideal graft should be biocompatible, modulus of elasticity 

similar to bone, strong, radiolucent and cost effective. PEEK has elastic modulus of 

3.6GPa, which is closer to that of cortical bone (12GPa) and it is radiolucent(179). 

Titanium is biocompatible, strong, and resistant to corrosion, minimal radiographic 

distortion in comparison to stainless steel. The modulus of elasticity is 110GPa half 

that of stainless steel but ten times that of bone. Newer titanium alloys like beta-
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titanium have increased fatigue strength and lower elastic modulus. Carbon fiber has 

similar modulus of elasticity as bone and is radiolucent, but it causes tissue 

reactivity. Carbon-fiber reinforced PEEK (CFRP) has high fatigue strength, high 

chemical stability, no metal ion release, radiolucency and biocompatibility and its 

modulus of elasticity is 13 GPa(180–184). 

 The surgical approach also interferes with the implant choice and 

positioning. There are various approaches like Anterior (ALIF), Posterior (PLIF), 

Transformational (TLIF) and extreme lateral (XLIF). In the posterior approaches (PLIF 

and TLIF) access to the disc space is more limited when compared to anterior 

approaches (ALIF and XLIF). ALIF allows placement of the cages with wide footprints 

over the ring apophysis, the cages are usually trapezoidal in shape allowing better 

correction of sagittal balance. In XLIF technique a long slender cage is used and is 

placed transversely across the intervertebral space. The ALL and PLL are spared, 

giving additional stability and aids in bone formation(185). In PLIF and TLIF 

techniques smaller cages are used, they are placed avoiding traction of the neural 

elements. The cages rest on the posterolateral apophyseal ring. 
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BIOLOGY OF SPINAL FUSION: 

Biology of spinal fusion is a complex process that requires the perfect 

coordination of molecular, cellular and structural events. The fundamental 

requirements of a good spinal arthrodesis are blood supply, osteoinductive factors 

and osteogenic cells, osteoconductive scaffold and a good mechanical environment. 

Blood supply provides oxygen, nutrients, controls pH and helps in recruitment of 

cells. Osteogenic cells are in the decorticated local bone and in the bone graft, 

surrounding soft tissue are a source of osteoprogenitor cells and also fibroblastic 

cells that inhibit bone bridging. Osteoinductive growth factors are expressed 

throughout the healing(186). Good surface area of decorticated bone with exposure 

to bone marrow is important for fusion. The graft is an osteoconductive region 

where the cells from the marrow reach.  

Local factors like soft tissue trauma, tumor, infection and scarring from 

previous surgeries are of great disadvantage. Host factors which can inhibit bone 

healing are malnutrition, nicotine, corticosteroid, NSAID use and chemotherapy. The 

osteogenic potential of a graft is based on the survival of live osteogenic precursor 

cells. Osteoconductive graft acts as a scaffold allowing vascular and cellular invasion 

and osteoblast differentiation, the graft resorbs and is replaced by new bone by 

creeping substitution. Osteoinduction is a process in which growth factors stimulate 

mesenchymal cells to form chondrogenic and osteogenic cells.  The bone grafts 

should also be biocompatible and resistant to mechanical compression. 
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Three phases of spinal fusion are: Inflammatory, reparative and 

remodeling(187). The inflammatory phase occurs within the first few weeks, starting 

with hematoma formation followed by influx of inflammatory cells. A fibrovascular 

stroma is formed which later undergoes neovascularization. 

Osteochondroprogenitor cells are recruited by the cytokines which are released by 

the inflammatory cells. The reparative phase is characterized by Intramembranous 

bone formation over the transverse processes. In the remodeling phase there is 

maturation of the fusion mass through resorption and membranous bone formation 

along the stress lines, within 6 months it begins to stabilize(188). 

The healing of spinal fusion also involves at the molecular level certain 

growth factors and cytokines like platelet derived growth factor (PDGF), tumor 

necrosis factor α and β(TNF-α and TNF-β), interleukins 1,6,10,12, Insulin-like growth 

factor and bone morphogenetic proteins.  
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ADJACENT SEGMENT DEGENERATION: 

Definition: 

Adjacent segment degeneration is the radiological changes of degeneration 

seen in the caudal or cephalic adjacent functional spinal unit following a single or 

multiple level spinal fusion surgery.  The onset of new symptoms such as 

radiculopathy, myelopathy, discogenic pain or instability etc., corresponding with the 

radiographic changes is adjacent segment disease(189).    

 
Illustration showing Adjacent Segment Degeneration in the Cephalic Segment 

 

Etiology: 

There has been a prolonged universal debate as to whether the adjacent 

segment degeneration is a continuation of the natural degenerative 
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process(190,191) or if it was directly related to the biomechanical changes caused by 

the surgical intervention itself(192,193). There have been numerous studies 

supporting both the ideas. The impact of adjacent segment degeneration on the 

clinical outcome seems significant(194) but Okuda et al observed that it is not(195). 

Some authors believe it is due to reduced motion caused by the fusion, while others 

believe it may be due to hypermobility, increased disc pressure, increased facet joint 

pressure and alteration in histological properties of ligaments at the adjacent 

segment(159,196–201).  Biomechanical studies have proven that there is increase in 

the adjacent disc pressure and motion(202,203) and increase in the load and shear 

stress of the posterior column(204). The caudal  adjacent disc experience increased 

loading with increasing length of instrumentation but the cephalic adjacent disc 

remains unaffected(197,205). Cunningham et al in their cadaveric study found that 

destabilization and instrumentation causes increase in proximal disc pressure up to 

45%(206). 

Incidence: 

There is a big margin of difference among the reported incidence of adjacent 

segment degeneration. A systematic review and metaanalysis conducted by  Xiao-

Peng Xia et al revealed that the incidence of adjacent segment degeneration ranged 

from 4.8% to 92.2% and the incidence of adjacent segment disease ranged 0% to 

30.3%(189).  
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Risk Factors: 

 Patient Factors:  

Patients over the age of 60 years at the time of index surgery are found to be 

at higher risk of developing adjacent segment disease (207–210). But Okuda et 

al(211) did not find any significant association with age. Nonsmokers are more 

likely to have better outcome. Comorbidities do not modify the effect of 

fusion(212). Female gender and high body mass index may be 

significant(213,214).No correlation was found with bone mineral density and 

adjacent segment degeneration(208). 

 Radiological factors:  

Presence of pre-operative disc degeneration, facet degeneration and sagittal 

imbalance puts the patient at a higher risk(207,210). Large pelvic incidence angle, 

small lumbar lordotic angle, variation from the normal C7 plumbline - middle axis 

and sacral inclination increased the incidence(215–218). Pre-existing 

horizontalization of the lamina is as a pathoanatomic risk factor(219) especially in 

the cephalic segment and coexistence of lamina horizontalization and facet 

tropism accelerates the degeneration(211). No significant correlation was found 

with the disc height, lumbar lordosis, scoliosis(195), dynamic Intervertebral space 

angulation, displacement of the cranial vertebral body (208) and laminar 

inclination(211). 
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 Surgical Factors:  

Anatomy disruption adjacent to the surgical level is a potential cause for 

adjacent segment disease(220,221). Lower lumbar fusions, multilevel fusion, 

circumferential procedures, stopping a construct at L5, excessive disc height 

distraction and post-operative disc space narrowing increase the risk for adjacent 

segment degeneration(210,222–224). Maintenance of sagittal alignment of the 

spine influences the incidence of adjacent segment degeneration(222,225,226). 

Hilibrand et al observed that adjacent segment disease was less in multilevel 

fusions when compared to single level fusions(227). Decompressive laminectomy 

along with posterior fusion increases the risk for adjacent segment 

degeneration(228).  A potentially modifiable risk factor is protection of facet joint 

during pedicle screw placement(193). Fusion with instrumentation itself is a risk 

factor but because of the high rate of pseudoarthrosis reported with fusion 

without instrumentation(229,230), it is inevitable. 
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AIMS &OBJECTIVES: 

AIMS: 

The aim of the study is to find out the incidence of Adjacent Segment 

degeneration and the prevalence of adjacent segment Disease among them in our 

population and relate it with the risk factors taken into consideration. The findings 

can be used for better patient advice, patient selection, take adequate precautions 

with regards to surgical techniques and post-operative protocols. The hypothesis is 

that the Adjacent segment degeneration is not aggravated due to PLIF and if the 

incidence of adjacent segment degeneration is similar in the discectomy group of 

patients then it will support the theory that it is part of the natural history of disc 

degeneration. 

 

OBJECTIVES: 

A. Determining Incidence of adjacent segment degeneration, its impact on the 

outcome after fusion and discectomy.  

B. Compare the two groups to understand the natural history of degeneration and 

influence of instrumented fusion. 
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MATERIALS & METHODS 
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MATERIALS AND METHODS: 
 
 

This is an Ambidirectional cohort study; we studied the patients who 

underwent single level fusion in the form of instrumented posterior lumbar 

interbody fusion between the years 2006 and 2010. They were followed-up in the 

outpatient department with a minimum of 2 year period post-operatively. Since the 

intervention was in the past, and occurrence of adjacent segment degeneration is 

later looking from the starting point of the study and since we took the PLIF group of 

patients in one arm and discectomy patients in the other arm this study is a 

Ambidirectional cohort study. The reported time for the occurrence of radiological 

adjacent segment degeneration was an average of 25 months (79, 80). The incidence 

of adjacent segment degeneration and its consequence; the adjacent segment 

disease were determined by comparing with their pre-operative status. Certain risk 

factors like patient age at the time of surgery, gender, co-morbidities, occupation, 

smoking habit, physiotherapy compliance etc., were considered. The findings were 

compared with a well-matched control group of patients who underwent single level 

discectomy in the same period and evaluated with the same parameters like VAS, 

JOA and ODI. 
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Inclusion Criteria: 

i. All the patients who underwent single level fusion and those who underwent 

single level discectomy in the lumbar region were included. 

ii. A minimum 2 year period of follow-up was the requirement. 

Exclusion Criteria: 
 

i. Preoperative adjacent disc degeneration of more than Pfirrmanns grade III, to 

minimize the effect of natural disc degeneration.  

ii. Any form of surgical intervention in the same or adjacent segment either with 

discectomy or fusion surgery. 

iii. Patients who have undergone revision discectomy or instrumentation after the 

primary surgery. 

Tools: 

Plain X-Rays – antero-posterior and lateral views, including stress views and 

magnetic resonance imaging of the lumbosacral spine were done post-operatively 

and compared with the pre-operative images. 

Variables: 

The primary diagnosis for which the surgery was done, age, gender, co-morbid 

status, body mass index, occupation were all derived from the hospital records.  The 

disc degeneration, facet degeneration, fusion and implant failure were assessed 
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from the pre-operative and post-operative radiographic imaging in the form of 

lumbosacral plain x-rays and magnetic resonance imaging. Patients’ compliance to 

the physiotherapy was checked during the follow-up. 

Data Measurement: 

Radiological measurement for disc degeneration was with the MRI based 

grading as described by Pfirrmann et al.(231). Disc Height measured from plain 

radiographs(232). Fusion at the operated level was graded using Kyung Hoon Kim 

Modification of Brantigan-Steffee Criteria for fusion(233). Facet degeneration was 

graded as proposed by Fujiwara et al(234), using T2 weighted transverse cuts of the 

lumbar spine. Functional outcome was measured using Visual Analog 

Scale(VAS)(235–237), Oswestry Disability Index(ODI)(238), Japanese Orthopaedic 

Association Score(JOA)(239) and Hirabiyashi Recovery Rate(240). 
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Statistical Methods: 

All statistical analysis was done using the SAS software version 9.2. For 

continuous data, the descriptive statistics such as mean, standard deviation, median, 

minimum and maximum were presented. For categorical data, the frequency and 

percentage were presented. 

For categorical data, the bar chart is presented surgery wise with frequency. 

For continuous data, the difference was taken between post and pre-operative 

surgery wise. Histogram with plot was used to check the normality of data for the 

difference by surgery. For all data, univariate and bivariate analysis were performed.  
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PFIRRMANNS GRADING FOR DISC DEGENERATION: 

 

A=Grade-I, B= Grade-II, C=Grade-III, D=Grade-IV, E=Grade-V 

Grade Structure Distinction 
of Nucleus 
and Anulus 

Signal Intensity Height of 
Intervertebral 
Disc 

I Homogenous, bright 
white 

Clear Hyperintense, isointense to 
cerebrospinal fluid 

Normal 

II Inhomogenous with or 
without horizontal 
bands 

Clear Hyperintense, isointense to 
cerebrospinal fluid 

Normal 

III  Inhomogenous, gray Unclear Intermediate Normal to 
slightly 
decreased 

IV Inhomogenous, gray 
to black 

Lost Intermediate to hypointense Normal to 
moderately 
decreased 

V Inhomogenous, black Lost Hypointense Collapsed disc 
space 

Pfirrmanns Grading – T2-weighted sagittal images – MRI based 



74 

 

 

FUJIWARA GRADING FOR FACET JOINT DEGENERATION: 

 

 

 
 
 
 
 
KYUNG HOON KIM MODIFICATION OF BRANTIGAN-STEFFEE CRITERIA FOR FUSION: 

 

i. The bone fusion area is more dense and more mature than originally 
achieved during surgery. 

ii. No interspace between the cage and the vertebral body 
iii. Mature bony trabeculae bridging in fusion area 
iv. And no traction spur 

 
If one of the three criteria was not met it is non-fusion state. 

 
  

Fujiwara grading - MRI based - T2-weighted TR images 

A- Grade 1:Normal, B- Grade 2:Joint space narrowing or mild osteophytes, 

C- Grade 3: sclerosis or moderate osteophytes, D- Grade 4: Marked 

osteophytes. 
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DISC HEIGHT MEASUREMENT: 
 

 
 

Disc space height = A+P/D 
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HIRABIYASHI RECOVERY RATE: 
 

 
 



77 

 

 

 
 

  



78 

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS 

  



79 

 

 

RESULTS: 

From the year 2006 to 2010, a total of 305 single level posterior 

instrumented fusion (IPLIF) surgeries and 1161 single level discectomies were done. 

Among whom 129 single level discectomy patients and 68 single level IPLIF patients 

had come for follow-up.37 single level IPLIF and 59 single level discectomy patients 

who full filled the inclusion criteria were seen between April 2013 and September 

2014 and analyzed. Among them36 were females (13-single level discectomy and 23-

single level IPLIF) and 60 were males (46-single level discectomy and 14-single level 

IPLIF).  

The average age among the discectomy group was 57(21-72) and the IPLIF 

group was 65(30-70). As far as comorbid status is concerned; 7 patients had diabetes 

mellitus, 9 had hypertension and 18 had other comorbid conditions. Occupation wise 

there were 25 heavy workers, 43 moderate workers and 19 sedentary workers, the 

occupation status of 9 patients were unknown. The moderate work group was found 

to be more in both the discectomy and IPLIF group of patients. Physiotherapy 

compliance was found to be poor as only 15% of the patients were doing regular 

physiotherapy. Smokers were found to be more in the IPLIF group. The average BMI 

in the group was 26.5. The average follow-up period among the discectomy patients 

was 70(24-92) months and among the IPLIF patients it was 75(28-94) months. 

In the discectomy group of patients all the 59 patients had disc prolapsed of 

which 1(2%) had cauda equina syndrome. 
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Of the 37 patients who underwent single level IPLIF 33(89%) had 

spondylolisthesis, 4(11%) had infective etiology. Among the 33 spondylolisthesis 

18(49%) were degenerative, 8(22%) were isthmic and 7(19%) dysplastic. Of the 33 

spondylolisthesis 23(59%) were grade I, 8(22%) were grade II, 1(3%) was grade III and 

1(3%) was grade IV. Infective pathology was seen in 4 patients out of which 1 was 

tuberculosis and the rest pyogenic. 

Looking into the level of surgery; at the L3-4 level there were 7(12%) 

discectomies and 2(5%) IPLIFs, L4-5 level 31(53%) discectomies and 26(70%) IPLIFs, 

L5-S1 level 21(36%) discectomies and 9(24%) IPLIFs.  

According to the Pfirrmanns grading system the incidence of disc 

degeneration was noted in the adjacent segments. Among the discectomy group the 

cephalic segment was degenerated in 35(59%) patients and the caudal segment was 

degenerated in 16(27%) patients by atleast 1 grade. There were 34(58%) patients 

with progress of degeneration by atleast 1 grade and 8(14%) patients with 

progression of degeneration by 2 grades.  

There were 10(17%) patients who progressed from grade I to grade II, 7(12%) 

patients progressed from grade II to grade III, 17(29%) patients progressed from 

grade III to grade IV, 3(5%) patients progressed from grade I to grade 3 and 5(8%) 

patients progressed from grade II to grade IV in the patients who had atleast 1 level 

degeneration. 
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There were 42(71%) patients who had atleast one level disc (either cephalic 

or caudal level) degeneration. 

Likewise in the IPLIF group the cephalic segment showed degeneration in  

23(62%) patients and the caudal segment showed degeneration in 13(35%) patients 

by atleast 1 grade. There were 19(51%) patients with degeneration by 1 grade, and 

7(19%) patients with degeneration by 2 grades. There were 5(14%) patients who 

progressed from grade I to grade II, 8(22%) patients progressed from grade II to 

grade III, 7(18%) patients progressed from grade III to grade IV, 5(14%) patients 

progressed from grade I to grade III and 2(5%) patients progressed from grade II to 

grade IV. 

There were 26(70%) patients who had atleast one level disc (either cephalic 

or caudal level) degeneration. 

According to the Fujiwara grading system the incidence of facet joint 

degeneration in the adjacent segment for discectomy patients were noted. The 

cephalic segment left facet joint was degenerated in 18(31%), cephalic right facet 

joint degenerated in 21(36%) and the caudal segment left facet joint showed 

14(24%) and the caudal right facet joint was degenerated in 17(29%). Among them 

24(41%) had either left or right cephalic facet joint degenerated and 20(33%) of 

them had either left or right caudal facet joint degenerated. There were 40(68%) 

patients with at least 1 facet  joint degeneration by atleast 1 grade and 2(5%) 

patients with progression of degeneration by 2 grades. There were 15(25%) patients 
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who progressed from grade I to grade II, 24(41%) patients progressed from grade II 

to grade III, 1(2%) patient progressed from grade III to grade IV, 1(2%) patient 

progressed from grade I to grade 3 and 1(2%) patient progressed from grade II to 

grade IV. 

There were 42(71%) patients who had degeneration of atleast 1 facet  joint 

by atleast 1 grade. 

According to the Fujiwara grading system the incidence of facet joint 

degeneration in the adjacent segment for single level IPLIF patients were noted. The 

cephalic segment left facet joint was degenerated in 15(41%), cephalic right facet 

joint was degenerated in 16(43%) and the caudal segment left facet joint was 

degenerated in 12(32%) and the caudal right was degenerated in 8(22%). Among 

them 19(51%) had either left or right cephalic facet joint degenerated and 14(38%) 

of them had either left or right caudal facet joint degeneration. There were 23(64%) 

patients with atleast 1 facet joint degeneration by atleast 1 grade and 6(16%) 

patients with progression of degeneration by 2 grades. There were 3(8%) patients 

who progressed from grade I to grade II, 9(24%) patients progressed from grade II to 

grade III, 10(27%) patients progressed from grade III to grade IV, 2(5%) patients 

progressed from grade I to grade III and 4(11%) patients progressed from grade II to 

grade IV. 

There were 29(78%) patients with atleast 1 facet joint degeneration by 

atleast 1 grade 
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Discectomy patients were younger with a mean age of 40 years while the 

IPLIF patients mean age was 48. The male female ratio was reversed in both the 

groups i.e., more number of males underwent discectomy while more number of 

females underwent IPLIF surgeries respectively. 

As per the Kyung Hoon Kim modification of brantigan-steffee criteria for 

fusion, to confirm the existence of fusion, all the IPLIF patients met the three criteria, 

i.e., they were all fused. There were no implant failures. 

All patients showed improvement in the Visual Analog scale and JOA scores, 

only two patients showed poor results in their ODI and JOA scores, 1 was from the 

discectomy group who had L4-5 disc prolapse and the other from the IPLIF group 

who had Grade 2 isthmic spondylolisthesis, both were 4 years post-op, there were 

no other significant correlation between the confounding factors. 

The overall incidence of adjacent segment degeneration, which includes disc 

and facet joint were evaluated and found to be (37) 71% among the discectomy 

patients and 27(74%) among the IPLIF group. Only one patient in each of these 

groups was symptomatic so the incidence of adjacent segment disease was 1.6% in 

the discectomy group and 2.7% among the IPLIF group of patients. The incidence of 

adjacent segment degeneration in the total 96 patients was (69)72% and that of 

adjacent segment disease was 2%.  
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DATA ANALYSIS 
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DATA ANALYSIS: 

 

Statistic DF Value Prob 

Chi-Square 1 17.3164 <.0001 

Likelihood Ratio Chi-Square 1 18.7683 <.0001 

Continuity Adj. Chi-Square 1 14.8268 0.0001 

Mantel-Haenszel Chi-Square 1 16.9400 <.0001 

Phi Coefficient  -0.6136  

Contingency Coefficient  0.5230  

Cramer's V  -0.6136  

 

Fisher's Exact Test 

Cell (1,1) Frequency (F) 2 

Left-sided Pr<= F 3.657E-05 

Right-sided Pr>= F 1.0000 

  

Table Probability (P) 3.518E-05 

Two-sided Pr<= P 3.863E-05 

 

59 

37 

Total Patients = 96 

Discectomy

Fusion
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AGE DISTRIBUTION IN THE TOAL POPULATION 
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Progression of Degeneration from pre-op to post-op in at least one adjacent disc (cephalic 
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FUJIWARA GRADING OF FACET JOINT DEGENERATION - DISCECTOMY GROUP 
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ADJACENT SEGMENT DEGENERATION – OPERATED SEGMENT WISE 
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ADJACENT SEGMENT DEGENERATION – OPERATED SEGMENT WISE 
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ADJACENT SEGMENT DEGENERATION – DIAGNOSIS WISE 
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FUNCTIONAL OUTCOME MEASURES 
 

VISUAL ANALOG SCALE 
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JOA / HIRABIYASHI RECOVERY RATE 
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DATA SUMMARY 
  

 Total 

No. 

ASD 

Degeneration Disease 

DISCECTOMY GROUP 

IVDP 59 24 (41%) Y 

Cauda Equina 1 Y - 

IPLIF  GROUP 

Spondylolisthesis 33 16 (43%)  

Degenerative 18 11 (30%)  

Isthmic 8 1 (3%) Y 

Dysplastic 7 4 (57%)  

Grade 1 23 10 (27%)  

Grade 2 8 4 (10%) Y 

Grade 3 1 1 (3%)  

Grade 4 1 1(3%)  

Infective 4 3 (8%)  

Tuberculus 1 1 (3%)  

Pyogenic 3 2 (5%)  
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 Total No. ADD(Pfirrmann Grading) 

  Cephalic Caudal Any 1 level 

Discectomy 59 35 (59%) 16 (27%) 42 (71%) 

IPLIF 37 23 (62%) 13 (35%) 26 (70%) 

OVERALL 96 60% 30% 71% 

 Total 

No. 

AFD(Fujiwara Grading) 

  Cephalic 

Facet Joints 

Caudal 

Facet Joints 

 Any 1 

facet 

joint 

  Left Right Left or 

Right 

Left Right Left 

or 

Right 

 

Discectomy 59 18 

(31%) 

21 

(36%) 

24 

(41%) 

14 

(24%) 

17 

(29%) 

20 

(33%) 

42 

(71%) 

IPLIF 37 15 

(41%) 

16 

(43%) 

19 

(51%) 

12 

(32%) 

8 

(22%) 

14 

(38%) 

29 

(78%) 

OVERALL 96 34% 39% 45% 27% 26% 35% 74% 

ADD - Adjacent Disc Degeneration, AFD – Adjacent Facet Degeneration, ASD – 

Adjacent Segment Degeneration, Deg-Degeneration, Dis-Disease 
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Adjacent Segment Disc and Facet Degeneration 

 Total ASDeg ASDis 

Discectomy 59 25 (42%) 1 (1.6%) 

L3-4 7 5 (8%) Nil 

L4-5 31 15(25%) Nil 

L5-S1 21 5(8%) 1  

IPLIF 37 21 (57%) 1 (2.7%) 

L3-4 2 2 (5%) Nil 

L4-5 26 13 (35%) 1  

L5-S1 9 6 (16%) Nil 

 Total No. ASDeg ASDis 

Discectomy 59 42 (71%) 1 (1.6%) 

IPLIF 37 27 (74%) 1 (2.7%) 

OVERALL 96 69 (72%) 2(2%) 

ASDeg-Adjacent Segment Degeneration in one adjacent segment disc and atleast 1 

adjacent facet joint, ASDis-Adjacent Segment Disease in the ASDeg group 
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DISCUSSION: 

 

The incidence of adjacent segment degeneration in the study group (IPLIF) 

was seen in 21(57%) and the incidence of adjacent segment degeneration in the 

control group (Discectomy) was seen in 25(42%), when considering that there is 

progression of degeneration by a minimum of 1 grade; compared to the 

preoperative status, in either the cephalic or caudal adjacent disc and any one of the 

cephalic or caudal facet joint.  

In our study we observed that the incidence of adjacent disc degeneration is 

more in the cephalic segment in both the discectomy and IPLIF groups, which 

coincides with the literature findings as described earlier. We also observed that in 

the facet degeneration a similar pattern exists. The cephalic facet joints seem to be 

more affected than their caudal counterparts. 

While comparing the incidence of adjacent segment degeneration surgical 

level wise, surgery done at L4-L5 level had the highest incidence of adjacent segment 

degeneration. Since the number of surgeries at other levels were few statistical 

analyses was not done. Moreover the incidence of adjacent segment disease was 

remarkably low in comparison to the degeneration and is on par with the incidence 

mentioned in the literature. 

There were more than 2 grade progression in 7(18%) patients in IPLIF group 

and 8(13%) patients in discectomy group. This section of patients has the maximum 

radiographic degeneration, though they comprise a small group. The rest of the 
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patients with only one grade progression in degeneration are more in number, 

probably this could be the reason that there is less symptomatic patients in the study 

considering the point that lesser the radiographic degeneration less is the chance of 

onset of symptoms. 

There appears to be a relationship between smoking and adjacent segment 

degeneration. The 100% fusion rate which was found in the IPLIF group as per the 

Kyung Hoon Kim’s modification of Brantigan-Steffee classification does not have any 

correlation with the incidence of adjacent segment degeneration. The discectomy 

patients were younger than the IPLIF patients at the time of index surgery. Moderate 

workers were more in both the groups who have adjacent segment degeneration. 

Male female ratio was reversed in both the groups, females were more in the IPLIF 

group, while males were more in the discectomy group and this probably is related 

to the work atmosphere. The physiotherapy compliance was also poor in both the 

groups, which may be related to the higher incidence of radiological degeneration. 
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Limitations of the study: 

Follow-up is not adequate.  
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CONCLUSION 
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Conclusion:  

 

1. Adjacent segment degeneration occurs both in single level discectomy and 

single level IPLIF surgeries and is marginally more with instrumented fusion. 

2. In both groups the cephalic segment is the most affected compared to the 

caudal segment.  

3. There is no significant relationship between radiological degeneration and 

the clinical adjacent segment disease as claimed by other authors.  

4. Since there is only marginal difference, we hold on to our hypothesis that the 

role of natural degeneration is more compared to the role of instrumented 

fusion causing adjacent segment degeneration. 
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ANNEXURE-12 

INVESTIGATORS BROCHURE 

 

 

 



NO NAME H.NUM SUBDIAGNOSIS AGE SEX BMI COM OCC SMOKE FU DX SX OPS PY DOC PGR1 PGR2 PGR3 PGR4 PGR5 PGO1 PGO2 PGO3 PGO PGO5 CPL CPR ASL ASR CDL CDR CPL CPR ASL ASR CDL CDR DHPRP DHPOP DHFU FUS VASR VASO ODIR ODIO JOAR JOAO HRR

1 SWAPAN KUMAR 584214D 29 1 99 3 1 FALSE 56 1 1 5 99 4 1 1 1 1 3 1 1 1 1 4 2 2 2 2 99 99 2 2 3 3 99 99 12 11.88 10 8 60 88 12 12 11

2 MANI MEGALAI M. 707915C 55 2 99 1 3 FALSE 44 1 1 4 99 1 3 3 2 4 3 4 4 3 5 3 2 2 2 2 1 2 2 2 2 2 2 2 4.3 3.25 10 4 72 24 17 22 41

3 BABU 983452A 34 1 31 0 2 FALSE 87 1 1 5 2 1 3 2 1 2 3 3 2 2 4 5 1 1 2 2 99 99 3 3 2 2 99 99 5.18 4.72 10 2 62 40 16 25 69

4 GOPAL MAJI 001145D 24 1 24 0 3 FALSE 78 1 1 4 2 5 2 2 2 4 2 3 3 3 5 3 2 2 2 2 2 2 3 3 2 1 3 2 5.75 4.2 10 1 80 2 8 25 80

5 UTTAM KHAN 294557C 41 1 23 0 1 FALSE 127 1 1 4 3 2 3 4 1 4 1 3 4 2 4 2 1 1 2 2 1 1 2 2 2 3 1 1 9.73 8.26 10 1 78 16 8 22 66

6 SIBARAM KHAN 207833D 41 1 99 0 3 FALSE 68 1 1 3 99 1 1 3 2 3 2 2 4 4 3 2 1 1 2 2 3 3 2 2 3 3 3 4 8.81 7.3 10 1 62 18 12 26 82

7 PUSHPA.V 412098B 46 2 99 0 2 FALSE 51 1 1 5 2 5 1 1 2 2 3 2 3 3 4 5 2 1 1 1 99 99 3 2 3 3 99 99 11.25 5.06 10 6 84 40 4 12 32

8 MOHIT BANERJEE 423580D 52 1 99 3 2 TRUE 59 1 1 3 2 1 3 2 4 3 1 4 3 5 4 3 2 1 2 2 2 2 2 2 2 3 2 3 8.3 6.13 10 2 72 28 9 24 75

9 DILIP BAURI 560931D 40 1 21 1 2 FALSE 55 1 1 4 99 3 2 2 1 3 3 2 2 1 5 4 2 2 2 2 2 2 2 2 2 2 3 3 9.23 5.9 10 4 72 18 9 22 59

10 MONARANJAN JANA 790977D 54 1 99 0 99 FALSE 27 1 1 4 99 1 3 2 3 3 3 3 3 3 4 4 2 2 3 3 2 1 3 2 3 3 3 2 9.71 9.3 8 0 28 10 20 28 88

11 ANU PRAVA DEY 721626D 50 1 30 2 2 FALSE 51 1 1 4 99 1 3 1 2 4 2 3 2 3 5 3 1 1 1 1 99 99 1 2 2 1 99 99 7.84 7.59 10 1 84 24 13 28 93

12 ARVIND KUMAR SINGH 381376D 36 1 99 0 99 FALSE 41 1 1 5 99 1 1 1 1 1 5 2 2 2 2 5 1 1 1 1 99 99 2 2 2 2 99 99 7.58 4.69 10 6 40 20 14 20 40

13 MUZAMMIL HUSSAIN. 891751C 36 1 99 0 2 FALSE 164 1 1 3 1 1 1 1 3 4 1 2 3 4 4 2 1 1 1 1 1 1 2 2 2 2 2 2 9.14 8 10 2 90 20 0 14 48

14 VELAYUTHAM P 532297C 36 1 24 1 99 FALSE 56 1 1 4 99 5 2 2 2 4 1 3 3 4 5 1 1 1 2 1 2 1 2 2 2 2 2 2 7.87 6.94 10 2 66 18 10 25 75

15 TAPAN SARKAR 033966D 46 1 25 0 99 FALSE 70 1 1 4 1 1 1 1 2 3 2 1 2 3 3 3 2 2 2 2 1 1 2 2 2 2 2 1 11.4 9.63 10 2 80 12 5 26 87

16 ANIL KUMAR BHATTACHA 590787C 48 1 23 1 1 FALSE 58 1 1 4 1 3 3 2 1 4 1 4 3 2 5 2 2 2 2 2 2 2 2 3 3 2 2 2 10.2 8.8 10 1 76 4 7 28 100

17 RAJKUMAR ROY 612910D 36 1 99 0 1 FALSE 48 1 1 3 2 99 3 2 3 1 4 3 3 3 1 4 1 1 2 2 1 1 2 2 3 4 3 3 9.45 9.22 10 2 52 6 13 27 87

18 ARUMUGAM.P 960192C 46 1 24 0 1 FALSE 84 1 1 4 2 5 3 3 3 2 2 4 4 4 3 4 2 2 2 2 3 2 3 2 2 2 3 2 12.56 10.32 10 4 98 58 2 11 33

19 DILIP KUMAR MANDAL 368323C 42 1 99 0 2 FALSE 127 1 1 4 2 1 2 2 3 3 2 2 2 4 5 2 2 2 2 2 2 2 2 1 2 3 2 3 8.72 5.6 10 1 80 10 6 24 78

20 GOUTAM HAZRA 097901C 26 1 18 0 99 FALSE 53 1 1 4 2 1 2 1 1 3 2 2 2 1 4 4 1 1 2 2 2 2 2 2 2 2 2 2 8.16 7.51 10 2 64 20 15 21 42

21 JAYAKANTHAN 912577B CE 45 1 25 0 2 FALSE 60 99 1 4 2 5 2 2 1 4 1 2 3 3 4 1 2 2 2 2 2 2 3 3 3 3 3 3 9.2 8.42 10 1 74 14 8 26 85

22 BASUDEV SAHU 986078D 42 1 22 2 2 FALSE 36 1 1 4 2 4 1 1 3 3 1 1 1 4 5 1 2 2 2 2 1 1 2 2 2 2 2 2 11.91 8.6 10 4 48 32 13 21 50

23 RAM SUNDAR SINGH 088583D 61 1 99 2 1 FALSE 82 1 1 3 99 1 1 1 1 1 1 3 3 4 2 3 2 2 2 2 1 1 2 3 3 2 2 2 10.4 6.89 10 8 96 29 6 10 17

24 SUK DEB MONDAL 233749D 45 1 26 0 2 FALSE 74 1 1 4 2 99 2 2 1 3 1 3 3 2 3 1 1 1 2 1 2 2 2 2 3 2 2 2 8.13 7.71 10 1 68 10 4 26 88

25 NITHIYANANDAM K 084846D 45 1 25 0 2 FALSE 78 1 1 3 2 5 3 3 2 3 1 4 4 4 4 1 1 1 2 2 1 1 1 1 2 3 1 1 11.78 99 7.97 10 2 76 12 8 24 76

26 SUMITRA SARKAR 201445D 24 2 99 0 1 FALSE 70 1 1 4 99 99 2 2 3 4 3 2 2 4 5 4 3 2 2 1 99 99 3 2 2 2 99 99 5.91 3.41 10 1 74 18 8 26 85

27 NAYEM GAZI 912486C 35 1 27 0 99 FALSE 87 1 1 5 1 5 1 1 1 3 4 1 1 1 4 5 2 2 2 2 99 99 2 2 2 2 99 99 8.74 6.76 10 4 88 36 6 19 56

28 CHANDAN CHOWDHURY 289402D 37 1 99 0 2 FALSE 61 1 1 4 2 1 2 2 2 4 3 2 2 2 5 4 2 2 2 3 2 2 2 3 2 3 2 3 6.81 7.3 10 2 76 16 9 25 80

29 BHAGABATI MANDAL 932738C 49 2 23 0 2 FALSE 70 1 1 5 1 1 1 1 1 1 5 2 2 2 2 5 2 2 1 1 99 99 2 2 2 2 99 99 9.34 7 10 3 96 20 7 25 81

30 SWAPAN BERA 626988D 53 1 99 0 2 FALSE 47 1 1 4 99 4 2 1 1 4 2 2 1 1 4 2 2 2 4 2 1 1 2 2 4 3 2 1 7.44 5.72 10 2 64 24 10 20 52

31 ANNAMALAI R. 825817B 44 1 25 0 1 FALSE 103 1 1 4 1 5 2 3 4 5 4 3 3 4 5 4 2 2 3 2 2 2 2 2 3 3 2 3 4.08 2.58 10 2 98 54 6 16 43

32 BISWANATH MANDAL 828536D 37 1 24 0 1 FALSE 37 1 1 5 2 99 2 1 1 1 4 2 1 1 1 4 3 2 2 2 99 99 3 2 2 2 99 99 7.37 6.55 10 1 56 8 4 28 96

33 SHANTHI  T. 881093D 39 2 23 0 2 FALSE 34 1 1 4 1 5 1 1 3 3 1 1 1 3 4 1 1 1 1 1 1 1 2 2 2 2 2 2 8.74 8.01 10 2 84 16 8 25 80

34 ANJANA GHOSH 200534D 36 2 99 0 2 FALSE 51 1 1 5 99 1 2 2 1 3 4 2 2 1 3 4 2 2 1 2 99 99 2 2 2 2 99 99 8.41 6.89 10 1 38 10 18 24 54

35 SUPHAL KANTI SARMA 201824D 30 1 21 0 2 FALSE 39 1 1 3 99 1 2 2 3 3 1 2 2 4 4 2 99 99 2 2 2 2 99 99 2 3 2 2 9.12 8.87 10 2 86 26 7 22 68

36 MATUR KUNDU 184099D 50 1 24 1 1 FALSE 60 1 1 5 99 1 1 1 2 3 5 1 1 3 4 5 2 2 2 1 99 99 2 2 2 2 99 99 4.39 3.5 10 1 48 4 6 27 91

37 ANIP PAL 511230D 38 1 27 0 2 FALSE 40 1 1 5 99 1 1 1 1 2 3 1 1 1 3 4 2 1 2 1 99 99 2 1 2 1 99 99 6.73 5.9 10 2 60 24 10 22 63

38 TAPAN SUTRA DHAR 180824D 39 1 99 0 2 FALSE 61 1 1 4 99 1 1 1 1 3 1 2 1 1 4 2 2 3 2 2 2 2 2 2 2 2 2 2 10.7 9.68 10 6 58 35 16 20 30

39 MANIK CHATTERJEE 601488D 55 1 19 0 FALSE 50 1 1 5 2 4 2 3 3 3 4 3 3 3 4 5 2 2 1 1 1 1 2 2 2 2 1 1 7.18 6.79 10 1 82 8 9 25 80

40 KAUSIK JANA 653494D 35 1 22 0 3 FALSE 48 1 1 5 2 1 2 2 3 1 4 2 2 3 2 5 2 2 2 2 99 99 2 2 2 3 99 99 6.74 4.89 10 2 96 49 6 18 52

41 PARIMALA.U. 761349C 35 2 28 0 2 FALSE 77 1 1 5 99 4 1 1 1 2 4 3 2 2 4 5 2 2 2 2 99 99 2 2 2 2 99 99 6.5 5.05 10 2 86 34 8 22 66

42 DEBANAND MAITI 706434D 32 1 20 0 1 FALSE 43 1 1 5 2 4 3 3 2 3 3 4 4 3 4 5 2 2 2 2 99 99 2 2 2 2 99 99 7.15 6.79 10 1 82 2 9 29 100

43 SALAI REVATHI K. 217951D 28 2 29 0 2 FALSE 74 1 1 4 2 3 2 2 1 4 5 2 2 1 4 5 2 2 1 1 99 99 2 2 2 2 99 99 7.72 8.99 10 3 64 30 7 21 63

44 ARUN K. 699473D 35 1 24 0 2 FALSE 50 1 1 4 2 5 1 1 1 4 1 1 1 1 4 1 2 2 2 2 2 2 2 2 2 2 3 3 11.5 11.32 10 3 50 4 16 26 83

45 JABAPATRA 853620C 37 2 23 0 3 FALSE 97 1 1 5 99 3 1 1 1 1 2 1 1 1 1 2 1 1 2 2 99 99 1 1 2 2 99 99 9.39 5.86 10 6 92 60 4 11 28

46 SOUMALYA BANERJEE 763633C 22 1 26 0 2 FALSE 103 1 1 4 2 1 1 1 1 3 3 1 1 1 4 3 2 2 3 2 2 2 2 2 3 2 2 2 8.21 8.57 10 1 68 4 9 28 95

47 SUDHIR NATH 035948D 31 1 22 0 1 FALSE 60 1 1 4 1 1 1 1 1 3 2 1 1 1 4 2 2 2 3 3 2 2 2 2 3 3 2 2 9.66 9.1 10 2 64 2 11 25 77

48 SANJAY GHARAI 960820D 35 1 20 3 1 TRUE 35 1 1 4 99 4 1 1 3 4 1 1 1 4 4 1 2 2 2 2 2 2 2 2 3 2 2 2 6.73 6.47 10 6 80 52 5 21 66

49 ASHOK KUMAR 388728C 39 1 26 0 1 FALSE 84 1 1 5 2 5 1 1 1 1 4 2 1 1 1 5 2 2 2 2 99 99 2 3 2 2 99 99 8.4 8.4 10 4 78 44 6 29 56

50 ARATI ACHARIYA 691438C 37 2 99 3 99 FALSE 88 1 1 5 99 1 2 2 1 1 4 2 2 1 1 5 1 1 1 1 99 99 1 1 2 2 99 99 8.05 4.43 10 5 76 64 12 19 41

51 RUPALI KUNDU 019036D 35 2 99 0 3 FALSE 72 1 1 4 99 1 1 1 2 3 1 1 1 2 4 1 2 2 3 2 2 3 2 2 3 2 2 3 12.36 11.03 10 8 72 66 10 11 5

52 RAJA 214109D 36 1 24 0 1 FALSE 75 1 1 4 2 1 1 1 2 3 3 1 1 3 4 4 2 2 3 2 2 2 2 2 3 3 2 2 8.6 7.51 10 1 86 4 5 26 87

53 MURTHY 567530D 36 1 21 0 1 FALSE 24 1 1 4 99 1 1 1 1 2 1 1 1 2 4 1 2 2 2 2 2 2 2 2 2 2 2 2 10.2 9.2 10 5 78 30 12 19 41

54 APARNA MONDAL 005365D 21 2 24 0 3 FALSE 87 1 1 4 99 1 1 2 1 2 1 1 2 2 3 1 1 1 1 1 1 1 99 99 99 99 99 99 10.89 9.56 10 2 96 18 5 24 79

55 DEBASISH MITRA 917308C 30 1 23 0 2 FALSE 92 1 1 4 2 1 1 1 1 3 1 1 1 1 4 1 1 1 1 1 2 1 1 1 1 1 2 1 10.37 7.21 10 2 66 8 9 27 90

56 VIJAYALAKSHMI 713111B 42 2 22 1 3 FALSE 84 1 1 5 2 1 1 1 1 2 4 1 1 1 3 5 2 2 2 2 99 99 2 2 2 2 99 99 6.12 4.02 10 1 86 14 7 26 86

57 EKAMBARAM 289774B 72 1 24 1 2 FALSE 72 1 1 5 2 5 2 2 2 2 3 3 3 3 3 4 2 2 2 3 99 99 2 2 2 3 99 99 8.56 7.68 10 0 66 6 13 29 100

58 RANGANATHAN 237391C 58 1 20 3 2 FALSE 73 1 1 5 99 1 1 1 1 2 2 1 1 1 2 4 2 2 2 3 99 99 2 2 2 3 99 99 7.16 5.23 10 3 42 18 16 24 61

59 SUFAL KUMAR SARKAR 435177D 28 1 27 0 2 FALSE 65 1 1 5 2 1 1 1 1 1 4 1 1 1 1 5 2 2 2 2 99 99 2 2 2 2 99 99 6.47 6.39 10 0 84 4 15 26 78



NO NAME H.NUM SUBDIAGNOSIS AGE SEX BMI COM OCC SMOKE FU DX SX OPS PY DOC PGR1 PGR2 PGR3 PGR4 PGR5 PGO1 PGO2 PGO3 PGO PGO5 CPL CPR ASL ASR CDL CDR CPL CPR ASL ASR CDL CDR DHPRP DHPOP DHFU FUS VASR VASO ODIR ODIO JOAR JOAO HRR

1 CHHANDA KAR 183947D Degenerative-2 66 2 27 0 99 FALSE 62 2 2 4 99 1 3 3 3 5 2 4 4 4 0 4 2 3 2 3 1 2 2 3 99 99 2 3 5.3 11.02 10.2 2 10 4 76 22 13 19 37

2 DESINGH R 960962D Isthmic-2 66 1 26 0 1 FALSE 34 2 2 5 2 1 1 2 3 2 5 1 1 3 3 5 2 2 3 2 99 99 3 2 99 99 99 99 6.25 5.74 4.55 4 10 5 52 44 9 16 35

3 ALAKA MAITI 833218D Dysplastic-2 56 2 28 2 2 FALSE 38 2 2 5 1 4 1 1 1 1 4 1 3 2 2 5 3 3 3 3 99 99 4 3 99 99 99 99 6.44 11.63 11.44 1 10 2 82 14 5 25 83

4 MARIAMMA ABRAHAM 317821D Degenerative-1 53 2 31 3 2 FALSE 54 2 2 4 1 2 1 2 3 3 1 2 4 4 0 2 2 3 2 3 2 3 2 3 99 99 3 3 12.14 14.39 12.54 2 10 2 76 16 8 22 66

5 KHOKAN KHAN 634157C Dysplastic-4 42 1 99 0 1 TRUE 94 2 2 5 2 5 1 1 1 2 5 1 1 1 3 0 3 2 2 2 99 99 3 4 99 99 99 99 6.91 10.69 7.7 1 10 1 72 4 2 27 92

6 NAWSHAD BEGAM J. 640774D Tuberculous Spondylodiscitis44 2 99 0 3 FALSE 33 3 2 5 2 1 1 1 1 1 5 3 3 3 3 0 3 3 4 3 99 99 4 3 99 99 99 99 5.95 7.71 4.66 3 10 4 86 34 16 20 30

7 MANI M 646468D Degenerative-1 55 1 20 2 2 FALSE 52 2 2 4 2 5 1 3 3 4 1 2 3 4 0 1 2 2 4 4 3 3 2 2 99 99 3 4 5.24 13.43 8.96 3 10 4 86 38 8 15 33

8 DHANANJOY GHOSH 787808B Dysplastic-3 47 1 99 3 1 TRUE 92 2 2 5 99 4 1 1 1 1 5 1 2 3 3 0 2 2 4 3 99 99 3 4 99 99 99 99 9.01 8.52 0 1 10 2 76 32 11 22 61

9 SABILA KHATUN 349378C Degenerative-1 48 2 99 0 2 FALSE 101 2 2 4 99 1 2 2 3 5 2 3 3 3 5 3 2 3 3 3 2 2 2 4 99 99 2 2 5.16 6.25 3.01 3 10 2 62 28 10 25 78

10 PRATIMA MAHTO 762321C Degenerative-1 49 1 31 0 2 FALSE 60 2 2 3 99 4 2 3 3 2 1 3 4 4 3 2 2 2 3 3 2 2 2 2 99 99 3 2 7.01 10.4 10.74 4 10 3 80 14 11 27 88

11 SANTHAKUMARI N. 254292C Degenerative-1 48 2 29 2 2 FALSE 58 2 2 4 1 4 1 1 1 3 1 2 2 2 5 2 2 3 3 4 2 3 3 4 99 99 4 4 8.52 11.5 11 3 10 5 64 56 15 17 14

12 SHOVA RANI HALDER 424670D Degenerative-2 34 2 26 0 2 FALSE 49 2 2 4 2 1 1 1 1 4 3 1 2 2 5 4 2 2 4 4 1 2 2 2 99 99 2 2 7.08 10.13 5.13 3 10 1 70 10 8 27 90

13 UMA GHOSH 564926D Degenerative-1 41 2 99 3 2 FALSE 999 2 2 4 99 4 2 2 2 4 1 2 2 4 5 1 2 1 2 2 1 1 2 2 99 99 2 2 6.46 8.35 6.84 4 10 0 46 2 14 27 86

14 LAXMINARAYAN LENKA 176074D Infective Spondylodiscitis44 1 25 3 3 TRUE 77 3 2 5 2 1 1 1 1 1 5 1 2 3 3 0 2 3 2 3 99 99 3 4 99 99 99 99 4.17 9.66 0 1 10 1 92 4 6 28 95

15 SAMBURNAM 069819D Dysplastic-1 62 2 23 2 3 FALSE 86 2 2 4 2 5 1 1 1 1 4 1 1 1 2 0 2 3 1 2 99 99 3 3 99 99 99 99 6.11 7.15 0 1 10 1 90 14 6 27 91

16 VENDAMMAL 969955C Degenerative-1 43 2 23 0 3 FALSE 84 2 2 4 2 5 1 1 2 4 2 2 2 2 0 3 2 2 4 4 3 2 3 3 99 99 3 2 7.6 10.92 0 1 10 5 68 38 9 19 50

17 MAMATA SHAW 725760D Dysplastic-2 46 2 32 3 3 FALSE 48 2 2 4 2 1 2 1 1 5 3 3 2 2 5 4 1 1 2 2 1 1 2 2 99 99 1 1 3.82 13.52 11.02 2 10 2 64 18 15 25 71

18 JAYANTA BANERJEE 293560D Infective Spondylodiscitis43 2 99 0 2 TRUE 28 3 2 3 1 2 3 3 4 1 1 3 3 0 3 2 1 1 2 2 2 2 2 2 99 99 3 3 8.92 16.24 0 1 10 1 60 4 11 27 88

19 VASANTHA 335218D Degenerative-1 47 2 33 3 3 FALSE 45 2 2 4 99 1 1 1 1 3 2 2 2 2 0 3 2 2 4 2 2 2 4 3 99 99 2 2 8.62 13.17 8.4 2 10 2 72 38 10 24 73

20 JOY DEB GHOSH 381154C Discitis 34 1 18 0 1 FALSE 115 1 2 4 2 1 2 2 2 5 1 2 2 2 5 3 3 3 3 3 2 2 4 4 99 99 3 4 4.73 6.86 5.44 3 10 2 44 12 15 27 85

21 SHOVA SAHOO 042005D Isthmic-2 44 2 99 0 2 FALSE 52 2 2 4 2 1 1 1 1 5 1 1 1 1 5 1 3 3 3 3 2 2 3 3 99 99 3 3 4.76 11.29 7.1 4 10 8 16 32 16 14 53

22 UMA DEVI 504751D Degenerative-1 67 2 21 2 1 FALSE 47 2 2 4 99 99 2 2 1 5 1 3 3 2 0 1 1 1 2 3 2 3 2 2 99 99 3 4 6.51 14.69 12.35 2 10 2 64 40 8 18 47

23 RAJESWARI 313885B Isthmic-2 47 2 99 3 3 FALSE 35 2 2 5 2 5 2 1 1 0 5 2 1 2 0 5 3 3 3 2 99 99 2 3 99 99 99 99 8.26 10.2 10.2 2 10 2 74 10 6 28 95

24 GOBINDA DEVI 259335D Degenerative-1 60 2 33 3 99 FALSE 62 2 2 4 99 5 2 2 2 3 2 3 2 2 0 2 3 3 4 4 4 3 3 4 99 99 4 3 11 12.7 11.4 2 10 4 94 62 6 17 47

25 GHOSH B.C 292937C Degenerative-1 70 1 99 2 2 FALSE 68 2 2 4 99 1 2 3 3 5 3 2 3 3 0 3 1 1 3 4 2 3 99 99 99 99 99 99 5.02 13.92 10.45 2 10 2 88 24 12 24 70

26 ARUNDHATI SEN 714749D Degenerative-1 45 2 24 0 1 FALSE 51 2 2 4 2 1 1 1 2 4 1 2 2 3 0 1 2 3 2 3 1 1 99 99 99 99 99 99 6.39 12.28 8.97 2 99 99 58 28 16 18 28

27 SUNIL PAL 556506D Infective Spondylodiscitis-148 1 99 0 1 FALSE 37 3 2 4 99 1 2 2 3 5 1 3 3 3 0 1 3 3 4 3 2 3 3 3 99 99 3 3 7.12 8.6 0 1 10 0 86 14 16 26 76

28 CHANDRASEKHAR 013973D Dysplastic-1 30 1 99 0 1 FALSE 66 3 2 5 99 5 1 1 1 2 5 1 1 1 3 0 3 3 3 4 99 99 3 3 99 99 99 99 7.97 9.21 10.69 2 10 2 76 24 16 22 46

29 SRUTI DAS 956417C Degenerative-1 54 2 23 3 2 FALSE 88 1 2 4 1 1 2 3 2 5 1 3 4 4 5 3 2 3 4 4 1 1 2 3 99 99 1 1 4.87 10 8.36 3 10 4 72 28 6 20 60

30 MAHAMAYA MUKHERJEE 376224D Isthmic-1 45 2 27 3 2 FALSE 59 2 2 4 1 4 2 1 1 5 3 3 3 2 0 3 2 2 3 2 3 3 2 2 99 99 3 3 3 9.6 4.52 2 10 2 98 18 3 22 73

31 MEHERTAJ BEGUM 422448B Isthmic-1 39 2 29 0 3 FALSE 50 2 2 5 99 4 2 1 1 1 4 2 1 1 1 0 1 1 2 1 99 99 3 3 99 99 99 99 7.31 9.04 8.58 2 10 3 60 40 12 19 41

32 SHIBNATH MONDAL 598109D Isthmic-1 46 1 99 0 2 FALSE 48 2 2 4 99 1 2 2 1 1 4 2 2 1 1 5 2 3 3 3 99 99 3 3 99 99 99 99 11.19 16.3 12.12 3 10 2 74 38 7 21 66

33 SHYMALI JALUA 116250C Isthmic-2 47 2 99 0 3 FALSE 84 2 2 4 99 1 1 1 2 4 3 1 1 2 0 3 1 1 1 3 1 3 3 2 99 99 2 3 7.5 12.59 8.29 3 10 4 60 48 18 20 18

34 RIYAZ AHMED 680134A Degenerative-1 45 1 24 3 2 TRUE 94 2 2 4 2 5 2 3 3 4 1 3 3 3 5 1 3 2 4 2 3 3 3 4 99 99 4 3 9.22 13.05 8.47 4 10 1 70 8 10 27 89

35 KANAI LAL PRADHAN 825195C Isthmic-1 47 1 20 3 1 TRUE 99 2 2 4 1 5 4 2 3 5 2 4 3 3 0 2 2 2 3 2 3 3 2 3 99 99 3 4 4.42 9.12 0 1 10 1 76 2 7 28 95

36 RAMASWAMY 820275A Dysplastic-1 46 1 27 3 2 FALSE 73 2 2 4 99 1 3 3 2 3 3 3 3 3 4 4 2 2 3 4 3 4 2 2 99 99 3 4 10.2 11.85 10.63 4 10 2 64 18 13 22 56

37 RAJATHI 789929B Degenerative-1 37 2 28 0 3 FALSE 37 2 2 4 2 5 2 1 1 4 1 3 2 1 5 1 2 3 2 4 2 2 2 3 99 99 3 3 5.7 9.61 9.24 3 10 5 74 28 3 14 42


