ADJACENT SEGMENT
DEGENERATION IN
LUMBAR SPINE

Essay

Submitted for Partial Fulfillment of the Master Degree in Orthopedic
Surgery

Presented By

Ehab Hussien Abdel-Monim

Supervised By
Prof. Dr. Mohammed Abdel-Salam Wafa

Professor of Orthopedic Surgery
Faculty of Medicine
Ain Shams University

Ass. Prof. Dr. Mootaz Fouad Thakeb

Assistant Professor of Orthopedic Surgery
Faculty of Medicine
Ain Shams University

Faculty of Medicine
Ain Shams University
2011



5ol LwuwY Ly LawsOlid) oyl

Lodaidl o piadly

LI lw )

adand) dal o A deald) Ay o o Jgaall Ak g

O..o-ff_.o.l_i.n

arddll 32 Guea Qg [ bl

Sl yd| ot

Lag p)‘.m_ﬂ e do2 /.1

allied da/ ja dliaf
s o drala — cubl) s

: “' >0 a‘é a 0‘

Ez

e
albied da) o solwe dlicd

ol i S
o e drol >
2011




Contents

LSt Of fIZUITES ccevveeeececccccsccnnnsasssssssssssssssssssssssssssssssssssses i-ii
List of tables ...cceeeiieecccnncccccnsecsccnssecssnssscssessssssssssses iii
List of abDreviations .......eeeeeccccccssssecsccsccssssscssssenses iv
Introduction and Aim of the Work ..........cccceeeecccneeee 1-3
Chapter 1 .....cccoiiciiccccccnnnnsssssccssccsssssssssssssssssssssssssssssee 4-15
Chapter 2 ......ccccoccccccccccnnsssssssssssssssssssssssssssssssssssssssss 16-26
Chapter 3 .....cieicinncnnscssssccsssncsssncssssssssnsssssssases 27-28
Chapter 4 ....ccccceecccccccccnnessssssssssssssssssssssssssssssssssssses 29-33
Chaptler O ....cccccceccccccccccnnssssssssssssssssssssssssssssssssssssssss 34-48
Chapter G ........ceecivncnnncnsssecsssncsssncssssssssscsssssssases 49-70
SUIMDALY .oveecersnecsnccsncsssncsssssssssssssssssssnssssnssssnssssnssses 1-73
RETCICIICES aeeeeeeeeeeeceeeeeeeeeeeneeeeeeeeeeocssssssssssssssssssssssenes 74-91

ArabiC SUMIIAPY ...ccccoccccccsssccccccssssssssssssssssssssssssssssssns



a

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure?.

Figure 8.

Figure 9.

Figures ]]

\.

Last of figures

Vertebral body architecture and load transfer.
Load transfer in normal and degenerated discs.
Surgical technique of posterolateral fusion

Surgical technique of posterior lumbar interbody
fusion a Pedicle screws are inserted at the target levels.

Circumferential fusion.

Load-sharing between rod/ pedicle screw
instrumentation and the anatomical structures of the
spine during spinal motion.

Lateral plain radiographs after L3-5 decompression

and instrumented fusion with resulting hypolordosis.

Measurments of flexion-extension angle on lumbar

spine on extention motion

Laminar inclination angle at L3




a

Figures ]J

\

Figure 10. Axial image of L5- S1 level. A-P view of the

lumbosacral spine.

Figure 11. Sagittal magnetic resonance image (MRI)

Figurel2. A 42-year-old male had expansive lumbar laminoplasty
atL.3-L5 levels

Figurel3 . Facet sagittalizayion and facet tropism at L3-4

Figure 14. Intraoperative photograph after revision
decompressionand fusion

Figure 15. AP and lateral radiograph of a patient that had
undergone  decompression and  noninstrumented
fusionat L4-5 for degenerative spondylolisthesis with

spinal stenosis.



Tabels

Table 1.

Table 2.

Table3.

Table 4.

Table 5.

Table 6.

Table7.

List of tables

Facet Joint orientation and Functional significance.

Typical values for lumbar ligament strength and
stiffness.

Summary of Articles Reporting Incidence Data for

Adjacent Segment Degeneration.

Summary of Articles Reporting Incidence Data for

Adjacent Segment Disease .

Rate of reoperation related to variables.

The evaluation system for the treatment of low back
disorders devised by the Japanese Orthopaedic
Association (JOA score).

The severity of Adjacent Level Ossification Development
(ALOD) .



Last of abbreviation

ASD: Adjacent segment disease

PMMA: polymethyl methacrylate cement
PEEK: poly- ether- ether ketone

ROM: range of motion

DH: disc height

COX: cyclo oxygenase

NSAIDS: nonsteroidal anti inflamatory drugs
MRI: magnetic resonance imaging

CT: computed tomography

PLIF: posterior lumbar interbody fusion
PLFKE: posterior lumbar fusion

ALOD: adjacent level ossification development
DBM : demineralized bone matrix

NMDA: N-methyl D Aspartate



4 N\
Introduction

\ /

INTRODUCTION

Lumbar fusion procedures are performed to treat various
clinical conditions including trauma, spondylolisthesis, deformity
correction, spinal stenosis, discogenic back pain and adjacent level

disc disease following remote fusion .

Inspite of lumbar fusion is useful procedure for variety of
many conditions, but also it has several disadvantages, one of the
reason for such disadvantages seems to be the degenerative change
of the adjacent segments to the fusion site ©.

Pedicle screw fixation has been used to increase the fusion

rate, to correct deformities, and to provide early stabilization .

Whereas lumbar fusion with pedicle screw fixation has shown
satisfactory clinical results, a solid fusion has been reported to
accelerate the occurrence of degenerative change at unfused adjacent

levels due to increased stress and motion ¢,

Although the development of adjacent segment degeneration
can be considered part of the normal aging and degenerative process,
this phenomenon appears to be at least partly influenced by the
altered stresses that arise as a consequence of lumbar fusion. The
findings of clinical reports of radiographic changes after lumbar
fusion for degenerative disease support the view that fusion is
associated with an increased incidence of degeneration at adjacent

levels ¢ 9,
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Biomechanical studies in normal human cadaveric spines also
support the view that fusion is associated with an increased

incidence of degeneration at adjacent levels €9,
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Aim of the work

The objectives of the present study are to diagnose and

investigate the degenerative change in adjacent segments to the

fusion site and the clinical outcome after lumbar fusion and to

identify the risk factors in degenerative change at adjacent segments.
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The Motion Segment or functional spinal unit:

The motion segment, or functional spinal unit, comprises two
adjacent vertebrae and the intervening soft tissues. With the exception of
the C1 and C2 levels, each motion segment consists of an anterior
structure, forming the vertebral column, and a complex set of posterior
and lateral structures. The neural arch, consisting of the pedicles and
laminae, together with the vertebral body posterior wall form the spinal
canal, a structurally significant protective structure around the spinal
cord. The transverse and spinous processes provide attachment points for
the skeletal muscles, while the right and left superior and inferior articular
processes of the facet joints form natural kinematic constraints for the

guidance of spinal intersegmental motion.

Anterior Structures
The Vertebral Body

The principal biomechanical function of the vertebral body is to
support the compressive loads of the spine due to body weight and
muscle forces. Correspondingly, vertebral body dimensions increase from
the cervical to lumbar region. The architecture of the vertebral body
comprises highly porous trabecular bone, but also a fairly dense and solid
shell (Fig. 1). The shell is very thin throughout, on average only 0.35-0.5

mmY,

The trabecular bone bears the majority of the vertical compressive
loads, while the outer shell forms a reinforced structure which

additionally resists torsion and shear. Previous analysis of load sharing in

—_—_—
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the vertebral body has shown that the removal of the cortex decreases

vertebral strength by only 10%. ®?

. However, more recent computational analyses have proposed that
the cortex and trabecular core share compressive loading in an
interdependent manner. The predominant orientation of individual
trabeculae is vertical, in line with the principal loading direction, while
adjoining horizontal trabeculae stabilize the vertical trabecular columns.
Bone loss associated with aging can lead to a loss of these horizontal tie
elements, which increases the effective length of the vertical structures

and can facilitate the failure of individual trabeculae by buckling.
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Figure 1. Vertebral body architecture and load transfer(i1)

a In the healthy vertebral body, the majority of trabeculae are oriented in the
principal direction of compressive loading, with horizontal trabeculae linking and
reinforcing the vertical trabecular columns. b With advancing osteoporosis, the
thickness of individual trabeculae decreases and there is a net loss of horizontal
connectivity. The consequences are an increased tendency for individual vertical
trabeculae to buckle and collapse under compressive load, as the critical load for
buckling of a slender column is proportional to the cross-sectional area of the column
and the stiffness of the material and inversely proportional to the square of the
unsupported length of the column. Therefore, architectural remodeling which lead to a
loss of horizontal connecting trabeculae are perhaps the most critical age-related

changes to the vertebral body.

$
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The vertebral endplate forms a structural boundary between the
intervertebral disc and the cancellous core of the vertebral body.
Comprising a thin layer of semi-porous subchondral bone, approximately
0.5mm thick, the principal functions of the endplate are to prevent
extrusion of the disc into the porous vertebral body, and to evenly
distribute load to the vertebral body.With its dense cartilage layer, the
endplate also serves as a semi-permeable membrane, which allows the
transfer of water and solutes but prevents the loss of large proteoglycan
molecules from the disc. The local material properties of the endplate

demonstrate a significant spatial dependence “*

. The vertebral endplate and underlying trabecular bone together form a
non-rigid system which demonstrates a significant deflection under

compressive loading of up to 0.5 mm &4,

The endplate has been shown to be the weak link in maintaining
vertebral body integrity, especially with decreasing bone density, as the

heterogeneity of endplate strength is even more pronounced 4"

High compressive loads lead to endplate failure due to
pressurization of the nucleus pulposus. Nuclear material is often extruded
into the adjacent vertebral body following fracture (Schmorl’s nodes),
thereby establishing a possible source of pain from increased intraosseous

pressure “V).
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The Intervertebral Disc:

The intervertebral disc is the largest avascular structure of the
body. The disc transfers and distributes loading through the anterior
column and limits motion of the intervertebral joint. The disc must
withstand significant compressive loads from body weight and muscle
activity, and bending and twisting forces generated over the full range of
spinal mobility. The disc is a specialized structure with a heterogenous
morphology consisting of an inner, gelatinous nucleus pulposus and an
outer, fibrous anulus. The nucleus pulposus consists of a hydrophilic,
proteoglycan rich gel in a loosely woven collagen gel. The nucleus is
characterized by its ability to bind water and swell. The anulus fibrosus is
a lamellar structure, consisting of 15,26 distinct concentric fibrocartilage
layers with a criss-crossing fiber structure ©®.

The fiber orientation alternates in successive layers, with fibers
oriented at 30° from the mid-disc plane and 120° between adjacent fiber
layers. From the outside of the anulus to the inside, the concentration of
Type | collagen decreases and the concentration of Type Il collagen
increases, and consequently there is a regional variation in the mechanical

properties of the annulus(®?.

The intervertebral disc is loaded in a complex combination of
compression, bending, and torsion. Bending and torsion loads are resisted
by the strong, oriented fiber bundles of the anulus. In the healthy disc,
axial loads are borne by hydrostatic pressurization of the nucleus

pulposus, resisted by circumferential stresses in the anulus fibrosus’,

analogous to the function of a pneumatic tyre (Fig. 2) (30)
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Pressure within the nucleus is approximately 1.5 times the
externally applied load per unit disc area. As the nucleus is
incompressible, the disc bulges under load approximately 1mm for
physiological loads and considerable tensile stresses are generated in the
anulus. The stress in the anulus fibers is approximately 4-5 times the
applied stress in the nucleus "Anulus fibers elongate by up to 9%during
torsional loading, still well below the ultimate elongation at failure of

over 25% ©9,

Compressive forces and pretension in the longitudinal ligaments
and annulus are balanced by an osmotic swelling pressure in the nucleus
pulposus, which is proportional to the concentration of the hydrophilic
proteoglycan. Proteoglycan content and disc hydration decreases with age

due to degenerative processes. 7

The intrinsic swelling pressure of the wunloaded disc is
approximately 10 N/cm2, or 0.1MPa. As the applied force increases
above this base level, disc hydration decreases as water is expressed from
the disc and consequently the net concentration of proteoglycans
increases. The rate of fluid expression is slow, due to the low intrinsic

permeability of the disc ®® .

A net daily fluid loss of approximately 10-20%has been observed
in vivo and in vitro. Fluid lost during daily loading is regained overnight
during rest, and it has been postulated that this diurnal fluid exchange is

critical for disc nutrition @2,

Disc degeneration have a profound effect on the mechanism of load
transfer through the disc.With degeneration, dehydration of the disc leads

to a lower elasticity and viscoelasticity. Loads are less evenly distributed,

$



