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CHAPTER 4

INTERBODY FUSION FOR CHRONIC LOW BACK PAIN

Throughout the medical history fusion operations have been performed in order to
immobilize painful joints. Pain of musculoskeletal origin arises from complex neural
networks when damaging stimulants such as chemical irritants, heat, and mechanical
stresses stimulate peripheral nociceptors. With respect to pain arising from the
degenerated lumbar spine, motion, particularly if abnormal in character or degree, often is
a potent stimulus to peripheral nociception. Temporary prevention of excessive
movements by rest or immobilizing external casts may result in pain relief. When
instability or spinal deformities are the cause of pathologic motion, a more permanent
correction, and therefore elimination of nociception stimulation, can be achieved by spinal
fusion. So, the aim of fusing one or more spinal segments is to stabilize the spine, correct
the deformity, and to eliminate painful movement, thereby restoring skeletal alignment,
relieving pain, and preventing recurrence. Based on these principles arthrodesis has been
applied to the management of painful spinal segments.

4.1 HISTORICAL REVIEW OF SPINAL FUSION

Hibbs36 and Albee5 were the first to report clinical results of spinal fusion in 1911.
Independently they reported on a novel surgical technique for the treatment of Pott’s
disease (spondylitis tuberculosa). Hibbs had noticed that the patella became secondarely
integrated in the ankylosis after surgical arthrodesis of the knee. He also observed the
spontaneous ankylosis of the infected spine and reasoned that surgical acceleration of this
process might result in more rapid and reliable consolidation. In order to induce spinal
fusion, Hibbs bridged the interlaminar spaces using the spinous processes, a technique
that became known as posterior interlaminar fusion. Albee, on the other hand, inserted a
tibial graft into the spinous processes in order to provide an internal splint and hasten
stabilization of the spine. Although posterior hardware fixation devices (wires and steel
bars) had already been described by Hadra29 and Lange44, no type of internal fixation was
used in these early reports.  In 1924, Hibbs reported a fusion method in patients with
scoliosis37 which was quite different from the one publicated in 1911. In this technique,
nowadays referred to as the classic Hibbs method of spinal fusion, a posterolateral
approach was used allowing a larger area for bone grafting and fusion than the
aforementioned posterior interlaminar fusion. All methods of spinal fusion in which
fragments of bone are elevated from the laminae and spinous processes and are turned up
and down in a transposed manner,  are virtually modifications of this technique.52 In 1929,
the first studies on the outcome of lumbosacral fusions performed for degenerative
conditions of the spine were reported by Hibbs and Swift.38 Later, in 1943, Howorth40

published results of spinal fusion for ruptured lumbar intervertebral discs. It is interesting
to note that the development of spinal fusion techniques predates the understanding and
surgical treatment of lumbar disc herniation. By 1933, when Mixter and Barr51 presented
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their treatise on disc herniation to the New England Surgical Society, there was a 20-year
experience with spinal fusion.

Surgical techniques have markedly changed over the years in an attempt to provide
better correction of the deformities, enhance stabilization, and increase the rate of bony
consolidation. The evolved fusion techniques can generally be divided into posterior,
posterolateral, and anterior approaches. Posterior spinal fusion, such as described by
Hibbs and Albee in 1911, is by definition posterior to the pedicles. Unfortunately, this
initial technique proved to be biomechanically insufficient and did not allow the use of
extensive posterior decompressive procedures. Other techniques were therefore developed
by Hibbs himself as well as by others. In 1939, Campbell12 described posterolateral fusion
of the lumbosacral spine in association with sacroiliac fusion. Subsequently, many
others4,8,9,14,48,66 have described various posterolateral fusions techniques (transverse
process  fusions), but the principle of solid lateral intertransverse fusion remained the
same.70 In comparison with the initial posterior fusion, these procedures yealded superior
fusion results and enabled the combination with decompressive procedures and posterior
instrumentation.30

Cloward was not satisfied with the posterior type of spinal fusion after removal of the
herniated disc fragment. The bridging with a graft of the spinous processes and laminae,
which are non-weight-bearing surfaces, of one single vertebral segment did not seem
physiologically appropriate. He therefore developed a technique which on the one hand
restored the height of the intervertebral space and on the other hand immobilized the
adjacent vertebral bodies.16 In this posterior lumbar interbody fusion (PLIF) technique, the
bodies (main weight-baring part of the vertebra) become fused by a strong intervertebral
graft wedged into the interspace at the site of the ruptured disc. He started his procedure in
1943, and over the years he has reported on more than 1,300 cases treated by PLIF.6 His
fusion and long-term clinical succes rates of both over 90% turned out to be hard to equal
by others, who published results varying from 40% up to 95%60. Cloward himself
reviewed the topic in 198515, stating strongly once again that with the PLIF technique
good fusion and clinical results can be obtained.

Before the posterior technique was introduced, the spine had already been approached
anteriorly by Muller in 1906 for treatment of tuberculosis of the spine.39 However, the
first report on anterior lumbar spinal fusion was not until 1932 by Capener28, followed by
Burns10 in 1933 who used a tibial graft to transfix L5 to S1 in a 14 year old boy with
spondylolisthesis. Modification and variations were then described,18,23,35,49,59  and in
1948, Lane and Moore43 were the first to use anterior interbody fusion specifically for
discopathies. The fusion as well as clinical results of anterior lumbar spinal fusion (ALIF)
varied from less than 20% up to more than 95%,19,25,26,34,61 comparable to the PLIF
results.

As part of the evolution of surgical techniques, internal fixation devices have been
developed in order to accomplish greater correction of deformation, enhance stabilization,
increase rate and degree of bone consolidation, and reduce the rate of pseudoarthrosis.27

The introduction of posterior hooks and rods by Harrington in 196233 initiated modern
posterior internal fixation of the spine. Improvement of the Harrington distraction and
compression rod system resulted, among others, in the Luque method of sublaminar wire
fixation and the Wisconsin system of fixation with spinous process wires.58 Next to these
methods other devices like pedicle screw systems41,47,67,69 have been developed in such a
way that, nowadays, the spine surgeon has a wide variety of spinal devices in his
armamentarium. The question remains how and when to use these different forms of
hardware.
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4.2 RATES OF SPINAL FUSION

Individual beliefs and style of practice are very important in deciding whether or not to
perform spinal fusion, especially in patients with degenerative spinal disorders.
Inconsistency regarding the appropriate indication for spinal fusion in this major group of
potential spinal fusion candidates may therefore create geographic differences in reported
fusion rates (table 4.1).13,42 These differences in fusion rates are small compared to the
differences in the overall back surgery rates in which herniated disc operations are
included (table 4.2).

Table 4.1 Rate of lumbar spinal fusion operations for degenerative spine conditions in
different countries (number per 100.000 inhabitants).*

1992 1994 1996 1998
France 15.0 16.6 18.3 20.2
Germany 12.6 13.9 15.3 16.9
Austria 12.9 14.3 15.8 17.4
Spain 4.2 4.6 5.1 5.6
Italy 2.5 2.7 3.1 3.4
Belgium 10.0 11.0 12.2 13.4
The
Netherlands

8.8 9.7 10.6 11.7

Denmark 7.0 7.8 8.6 9.4
Norway 8.5 9.4 10.3 11.4
Sweden 8.4 9.3 10.2 11.3
Finland 7.3 8.0 8.9 9.8
Great Britain 9.0 9.9 10.9 12.0
Ireland 9.5 10.5 11.6 12.8
Greece 1.7 1.9 2.0 2.3
Turkey 0.3 0.3 0.4 0.4
South Africa 8.8 9.6 10.7 11.7
Israel 3.0 3.3 3.7 4.1
Portugal 4.1 4.5 4.9 5.5
USA42 30.9 - - -
Switzerland 4.8 5.3 5.8 6.4
Total 7.7 8.5 9.4 10.3
* Data obtained from Sofamor-Danek

Table 4.2 International comparison of overall back surgery rates.
Country BSR* per 100.000 inhabitants No.spine surgeons/million

population
USA 158 76
Great Britain 30 18
The Netherlands 115 30
Sweden 52 87
* BSR = back surgery rate
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The number of spinal column operations performed, in particular that of lumbar spinal
fusion, increased significantly during the eighties. For example, between 1979 and 1990
the rate of lumbar spinal fusions doubled in the US.21 The magnitude of this increase
could not be attributed to differences in age distribution, increase in population size,
sociodemographic differences or prevalence of back problems, it rather reflected changes
and new concepts of the medical practice (like new fusion techniques and
instrumentation).65 The rates of lumbar spinal fusion appeared to stabilise in the early
nineties21,55,65, a trend which has also been noted in The Netherlands.63 This stabilization
was probably due to more strict selection criteria, especially in the treatment of patients
with chronic low back pain. The total numbers of lumbar spinal fusion procedures for
degenerative spinal disorders in different countries over the last years are presented in
table 4.1.

4.3  BIOMECHANICAL CONSIDERATIONS OF LUMBAR SPINAL FUSION

The spine is to be considered as a mechanical structure. The vertebrae articulate with each
other in a controlled manner through a complex system of levers (vertebrae), pivots (discs
and facets), passive restraints (ligaments), and activators (muscles). A comprehensive
knowledge of spinal biomechanics is of major importance for the understanding of
clinical signs and symptoms and management of spine problems.

From a biomechanical point of view fusing one or more spinal motion segments is not
physiologic. The normal spine allows specific motion at each level, while arthrodesis
prohibits movement. Focus of lumbar spinal fusion in patients with chronic low back pain
is on relieving pain and disability and not directly on the mechanical characteristics.
Nevertheless, it can be stated that successful clinical results are in some way related to
reduced mechanical stresses in particular painful spinal structures.1

4.3.1 Biomechanics of the intervertebral disc

The intervertebral disc is perfectly designed to alleviate mechanical forces and transmit
them in all possible directions. Because of its liquid and elastic nature, the disc can be
compressed, redistribute primary vertical forces in the horizontal plane, and subsequently
recover from the pressure. When compressive forces are applied to the liquid nucleus
pulposus, fluid pressure builds up and pushes the surrounding structures away from the
center (tensile stresses). This load-transferring mechanism can only function optimally
when the disc water content is high and sufficient fluid pressure can be built up. This is
usually the case in early life up to the age of 30. In a healthy intervertebral disc the
nucleus is capable of absorbing and retaining large quantities of fluid. Because of its
elastic nature, it is the anulus that gives the disc its compressibility and remodelling
properties, and prevents bending and twisting of the disc.

The intervertebral disc receives the effects of most forces transmitted from one
vertebral body to another. Since the major loading of the intervertebral disc is in the form
of vertical compression, it may seem paradoxical that the anulus is optimally constructed
to resist tension stresses, but the nucleus transforms the vertical thrust into a radial
pressure that is restricted by the tensile properties of the lamellae of the anulus. This
results in various stresses in different directions: tensile stresses along the anular fibers,
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tensile stresses in a horizontal (tangential) direction, and stresses in an axial direction.
Although the basic plan of alternating bands of fibers is one of the obvious sources of the
tensile strength of the anulus, this arrangement is not uniform with respect to the
directions of the fibers or the degrees of resistance encountered throughout the anulus.56

The fibers generally become longer, and the angle of their spiral course becomes more
horizontal near the outer parts of the anulus. The anulus of the nondegenerated disc has
the greatest resistance in the horizontal sections of the peripheral lamellae, whereas the
more vertical medial sections are more distensible (figure 4.1).

Fig. 4.1 Nondegenerated and degenerated discs under compression ( based on White and
Panjabi68).

A. Pressure within the nucleus produced by compression pushes the anulus and the two end-
plates outward. The disc bulges out in the horizontal plane and the end-plates deflect in axial
direction.

B. The anulus is subjective to varying amounts of stresses in different directions. On the outer
layers there is a large tangential (peripheral) stress, and a relatively small tensile stress in axial
direction. In the inner layers, the stresses are smaller but of the same type, except for the axial
stress which is now compressive.

C. In the degenerated disc the compressive load is transferred from one end-plate to the other by
way of the anulus only, thus loading the end-plates at the periphery.

D. The stresses in the degenerated disc are different from the healthy one (B). In the outer layers
of the disc, tangential (peripheral) stress is much smaller, while the anulus fibers are subjected to
nearly twice as much stress. Further, the axial stress is compressive. In the inner layers the fiber
stress remains very high, but now is compressive.

NORMAL DISC DEGENERATED DISC

P

Compressive stress

Tensile stress

A

B

C

D
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The way the disc deals with mechanical stresses has changed when the disc is
degenerated. For example, the load-transferring capacity of the degenerated disc is
reduced because of the decreased water content; when compressed, the nucleus is not
capable of building up enough fluid pressure, resulting in load transfer from one end-
plate to the other by the anulus only. The outer anular layers are then submitted to less
horizontal tensile stresses, but the tensile stresses along the anular fibers are much higher.
Peaks of compressive stress are present in the middle of the anulus, particularly posterior
to the nucleus.2,3 The fiber stress in the inner anular layer remains high but is compressive
as well. In severely degenerated discs, structural damage to the vertebral endplates and the
anulus often is present. The stress distributions become multiple and irregular in the
anulus. It is believed that, in these damaged discs, a cascade of changes causes nerve
structures to penetrate deeper into the intervertebral disc and the disc may become painful
(see Chapter 3).22 These observations have been confirmed in patients undergoing spinal
fusion and are consistent with findings of provocative discography.53,62

4.3.2 Lumbar spinal fusion and biomechanics

Prevention of intervertebral motion by bony union between adjacent vertebral bodies
(spinal fusion) is assumed to result in pain reduction. The most logical site to fixate the
spinal motion segment, in order to prevent intervertebral movement, is at some distance
from its physiologic rotation centers. The rotation center for flexion and extension is close
to the nucleus pulposus57, and for axial rotation the rotation center is in the posterior
anulus fibrosis.17 Theoretically, spinal movement becomes maximally restricted by
fixation at some distance from these regions of the disc. Both pedicle screw fixators and
anterior plating systems meet this requirement. However, it is unlikely that rigid spinal
fixation systems without adding interbody fusion will be capable to maintain the
immobilisation of the fused segment for a long period of time. At some moment the
fixation systems will permit slight motion and only small compressive deformities are
necessary to induce high intradiscal compressive stresses.

Although spinal interbody fusion fixates the spinal motion segment at its fulcrum it has
the advantage of additional spinal stability by influencing the intervertebral ligaments
which are strong and lie relatively far away from the rotation centers. Normally these
ligaments are not effective in inhibiting small spinal movements because they are slack
for a certain range of motion, especially when the disc is degenerated.1,50 However, during
spinal interbody fusion these ligaments become tight resulting in enhanced stability.

Thus, a biomechanical basis for spinal fusion in patients with chronic low back pain
due to benign spinal degeneration is apparently present. By preventing intervertebral
motion and unloading specific areas in the disc, the pain and disability should be relieved.
Although interbody fusion stabilizes the motion segment close to the pivot point of
flexion/extension movements, it has the advantage of additional stabilization by
tightening the intervertebral ligaments.

4.4 SURGICAL TECHNIQUES
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Lumbar interbody fusion operations can be divided in posterior lumbar interbody fusion
(PLIF) and anterior lumbar interbody fusion (ALIF), based on the approach. The posterior
approach through a longitudinal midline incision provides direct acces of all levels of the
lumbar spine. The anterolateral retroperitoneal flank approach can usually provide
visualisation of the vertebrae L2 to S1.

4.4.1 Posterior lumbar interbody fusion

Cloward15,16 is credited for fully elaboration of the PLIF-technique. Numerous techniques
have evolved that modify Cloward’s basic construct, including dowel fusion and cage
fusion. We will describe the technique advocated by Cloward.

The patient is placed on the operating table either bending on his knees with his torso
resting on a pillow (Salaam position) or prone (Jack knife position). After preliminary soft
tissue dissection exposing the posterior elements, the supra- and interspinous ligaments
and the flaval ligament are removed. The inferior border of the superior lamina is
removed. The medial part of the inferior articular process is cut off which exposes the
medial border of the underlying superior articular process. Reduction of this part
completes the partial medial facetectomy. The procedure is carried out bilaterally.

After discectomy an osteotome is used to take down the caudal and cranial anulus parts
and the end-plates. The lower and upper surfaces are made parallel to each other. Curettes
are used quite extensively in cleaning out the intervertebral disc space. The vertebral
bodies are distracted using a lamina or interbody spreader. The width and depth of the
intervertebral disc space is measured during moderate distraction. Usually grafts with a
length of 2.5 to 3.0 cm and a hight of 1.0 to 1.8 cm will do to fill up the obtained disc
space. Two full thickness (tricortical) grafts are removed separately from the posterior
iliac crest using an osteotome and a power saw. The grafts are cut slightly larger (± 1 mm)
than the height of the distracted interspace to achieve firm impaction. After removing the
interbody spreader a spacer of the appropriate size is placed on one side of the
intervertebral disc space to maintain the distraction. On the opposite side an appropriate
size tricortical bone graft is then placed in the intervertebral disc space with slight
tapping. While placing the graft, special attention is given to protect the nerve roots
passing cranially and medially to the graft. The spacer is then removed and a second bone
graft inserted. Occasionally a third graft is inserted after pushing-up a graft medially using
a wedging technique with two specially designed chisels: by spreading and turning the
chisels, the graft is directed medially allowing space for an additional graft.

The lumbar dorsal fascia is closed over a suction drainage, and the wound is closed in
layers. Finally, the iliac crest wound is closed also using suction drainage.

4.4.2 Anterior lumbar interbody fusion

The patient is placed in the supine position on the operating table. The table is handled in
such a way that hyperextension of the lumbar spine is provided. A small pillow is placed
under the left buttock to elevate the iliac crest. An oblique, left-sided paramedian incision
is made, commencing approximately 3 cm lateral of the midline between the umbilicus
and symphysis pubis and extending upwards and laterally. The incision is made through
the skin and superficial fascia, and the anterior rectus sheath is devided in the line of the
skin incision. The rectus muscle is retracted medially. A posterior rectus sheat incision is
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made and the retroperitoneal space is entered. Extension of the incision into the
aponeurosis of the internal oblique muscles and the transverse muscle can be made to
reach the L3-4 and higher levels. The peritoneum is carefully separated by blunt
dissection. The psoas muscle, the left ureter and the iliac artery and vein are visualized on
the left side.

Several patterns of bifurcation of the common iliac arteries and veins exist. The
bifurcation may be opposite to the midline of the fifth lumbar vertebra or at the level of
the last intervertebral disc space or even as high as the middle of the fourth lumbar
vertebral body. The decision to retract the left artery and vein to the right, in order to
expose L4-L5, depends on the height of the bifurcation. Usually, isolation of the L5-S1
interspace is possible just below the bifurcation. Exposure of the L3-L4 interspace can
often be achieved without division of any significant vessels; a lumbar vessel lying on the
side of the body of L4 may need to be divided.

After exposing the lumbosacral interspace by retracting the left iliac artery and vein to
the left side and of the right iliac artery and vein to the right side with blunt retractors,
Steinmans spikes are driven bilaterally into the body of the fifth lumbar vertebra. One
spike is driven into the rostral part of the first sacral vertebra on the right side. In this way,
exposure is maintained during the interbody fusion procedure. The arterial pulse is
palpated distally to the spikes in order to assure that excessive tensions on the vessels is
prevented.

In exposing the third and fourth lumbar interspace, the left iliac artery and vein and the
aorta and vena cava are kept to the right behind two Steinmans spikes. During exposure of
these interspaces the change of obliterating the left iliac artery by applying excessive
tension on the retractor is greater than at the former level.

The anterior longitudinal ligaments along with the anterior part of the anulus fibrosus
is cut and the disc is removed. The space is cleaned out thoroughly, up to the posterior
longitudinal ligament. Cartilage surfaces are removed from the vertebral bodies with an
osteotome until bleeding bone is encountered and the lower and upper surfaces run
parallel to each other. Then the dimensions of the interspace can be measured while
enlarging the interspace with a vertebral body distractor.

The iliac crest is prepared by subperiosteal dissection to harvest full thickness bone
grafts, i.e. including inner and outer cortex of the ilium. The tricortical grafts are taken
slightly larger than the measured height of the interspace so that firm impaction can be
effected. Usually graft dimensions vary between 1.0 to 1.8 cm in height and 2.5 to 3.0 cm
in length. When the width, which is the third dimension, of the grafts are small, three or
incidentally four grafts are inserted. In these cases the previous described wedging
technique is used by introducing two specially designed chisels between the lateral part of
the intervertebral space and the inserted graft. The spine is then straightened by reversing
the hyperextended position of the table.

A suction drain is put in the retroperitoneal cavity. Both fascia layers of the rectus
muscle are closed. Subcutaneous tissues are closed and monofylic nylon sutures are
placed through the skin. At the donor side the wound is closed in layers using suction
drainage.

4.4.3 Minimal Invasive Anterior Lumbar Interbody Fusion (mini-ALIF)

A microsurgical modification of the surgical anterior approach has recently been
advocated by Mayer.47 A standarized, microsurgical retroperitoneal approach to levels L2-
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L3, L3-L4 and L4-L5 and a microsurgical transperitoneal approach to L5-S1 are
described. The operation is performed with a surgical microscope or with a headlamp and
loupes.

Retroperitoneal approach
The patient is placed in a right lateral position on the surgical table. Depending on the
level that must be operated on, the table is tilted backwards in the axial plane for 20º (L4-
L5), 30º(L3-L4) or 40º(L2-L3). A few centimeters ventral and proximal of the spina iliaca
anterior superior, a 4 cm skin incision is made in an oblique direction parallel to the fibers
of the external oblique abdominal muscle. The retroperitoneal space is reached by a blunt,
muscle splitting approach. The anterolateral attachments of the psoas muscle are dissected
from the lateral circumference of the disc space. The lateral border of the anterior
longitudinal ligament is exposed in the center of the wound. On rare occasions the
segmental vessels of the inferior vertebral body need to be ligated.

In general, no retraction of the left iliac vein or artery is needed. In the anterolateral
cortex of the adjacent vertebral bodies, two screws are placed. These screws serve as an
anchor for the vertebral bodies. Then the graft bed is prepared using this anterolateral
approach. A tricortical graft or a cage is placed into the intervertebral space.

Transperitoneal approach
The patient is placed in a supine Trendelenburg position (trunk tilted 20-30º) with the
lumbar spine hyperextended and both legs abducted (the surgeon is standing between the
legs). A 4 cm skin incision is made in the midline of the abdomen centered over L5-S1
(usually 5-10 cm cranial from the symphysis). The visceral peritoneum is reached and
dissected in the midline. The mesenterium with the ileum and sigmoid colon are pushed
into the upper left abdominal cavity. A special spreader is inserted that exposes the
promontorium. Five millimeters medial to the right common iliac artery, an incision of the
peritoneum parietale is made. The retroperitoneal fat is retracted to the left and the
anterior circumference of L5-S1 is exposed. After dissection of the middle sacral artery
and vein, the disc is incised and the disc space is cleared. A graft or cage can be placed
after completing the preparation of the graft bed.

4.4.4 Spinal instrumentation

A further evolution of the PLIF- and ALIF-techniques was facilitated by the development
of a wide array of spinal instrumentation devices.31,32 The interest for the combined
technique of interbody fusion with instrumentation resulted from dissatisfaction with the
fusion rates obtained by interbody fusion alone. Indeed, the combined application of these
techniques resulted in a increased bony fusion rate.45,46,74  An additional but also
important advantage of internal fixation is the avoidance of need for external bracing
post-operatively which also allows the patient to early join a rehabilitation program. The
major disadvantages include the risk of nerve root lesioning, increase in operation time,
increase of infection rate, and restricted to the anterior fixation device, vascular injuries.69

The greatest enthusiasm during the past two decades has been for pedicle screw
fixation. The underlying principle is that the pedicle and adjacent vertebral body represent
the most secure point of fixation. A great deal of research attention has been given to the
optimization of the screw design and the linkage systems (plates and rods).1,58,64 For the
anterior approach plate- or rod systems are mostly used as supplemental lumbar fixation
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devices. Each system has its theoretical and practical advantages and disadvantages.
Provided advanced surgical skills, rods and screws can be safely applied to the lumbar
spine.

Due to the wide variety of systems available we will not discuss the various application
techniques of the individual devices.

4.4.5 Post-operative care

The use of a plaster spica from the trunk to one knee is usually prescribed in those
patients without internal fixation devices. The plaster corset is worn for a period of three
months. During this period, anticoagulation therapy is given prophylactically. Internal
fixation devices obviate the need for plaster spica or anticoagulation therapy.

4.4.6 Technique related complications

The PLIF- and ALIF-technique are both complex surgical procedures, but in experienced
hands they can be carried out with good clinical results and few complications. The main
concern in doing a PLIF-operation is to protect the spinal nerve roots and also the cauda
equina from being damaged while inserting the interbody grafts. The major problem
associated with ALIF concerns the high complication rate involved with mobilizing the
great vessels and handling the presacral plexus. In addition impotence in the male may
occur, though this complication may be prevented by careful dissection. There is a high
risk of postoperative deep venous thrombosis, which may lead to permanent swelling of
the legs and occasionally results in fatal pulmonary embolus (table 4.3).

Table 4.3 Complications of lumbar interbody fusion.19,30,41,42,47,60

Complications Reported rates
peroperative dural tears 0% - 15%

excessive blood loss sporadic case reports
intra-abdominal vessel injury 0% - 2.5%
nerve root injury 0.5% - 10.0%
nerve injury secondary to donor site 0% - 4.5%
position related peripheral nerve injury 0% - 1.0%
visceral injury (bowel, kidney, ureter) sporadic case reports

postoperative donor site pain 8% - 45%
graft extropulsion 0.7%
incisional hernias 0.7%
infection - superficial 0% - 3.2%

- deep 0.5% - 3%
- discitis 0.5% - 2.7%
- meningitis 0.1%

post-sympathectomy syndrome 0.5%
pseudoarthrosis 5.0% - 60.0%
pulmonary embolus 0.1% - 1.2%
retrograde ejaculation 1.0%
thrombosis - deep venous 1.2% - 3.0%

- arterial 0.3%
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urinary tract infection 2.4% - 10%
urinary retention 0.5% - 38%

4.5 BONE GRAFTING

In order to obtain definite spinal stability by spinal interbody fusion, solid bony union is
mandatory. The transplanted bone graft initially provides structural support, but this is
temporary. Solid bony union requires bone growth (osteogenesis), the formation of bone
forming cells (osteoinduction) and a favorable infrastructure on which new bone can be
deposited (osteoconduction).24 Of course, revascularization and ingrowth of capillaries
and osteoprogenitor cells into the bone graft must be present for long-term survival of the
bone graft. Therefore, the graft must be carefully selected, harvested, prepared and
incorporated. The ideal graft posesses osteogenic, osteoinductive as well as
osteoconductive properties. Of all the types of grafts, autogenous bone is considered the
most successful in acquiring bony union after spinal interbody fusion. However,
autogenous bone has the disadvantage that is must be harvested from the patients
themselves resulting in additional morbidity. In this respect other graft types such as
allografts, xenografts or ceramics all carry an advantage but they regrettably appear to be
inferior in obtaining solid bony union.7

BMP
Osteoinductive bone graft substitutes are being researched as supplementary or alternative
means to achieve fusion. The goal of such work is to potentially eliminate the morbidity
associated with autograft donor sites and to decrease the incidence of pseudarthrosis. The
use of human bone morphogenetic proteins (BMP’s) and recombinant human bone
morphogenetic proteins (rh BMP’s) as osteoinductive bone graft substitutes or expanders
have recently gained considerable research interest. Animal studies of osteoinductive
growth factors in spinal fusion have revealed high fusion rates.20 No similar conclusive
study on humans has been published until now.

Tissue engineering
The recent identification of embryonic stem cells offers a new approach to repair damaged
tissues. Until now researches are a long way from being able to produce fully
differentiated cells out of embryonic stem cells that can be used to create or repair specific
organs. A more immediate goal would be to isolate so-called progenitor cells from tissues.
Such progenitors cells have taken some of the steps towards becoming specialized.
Because not yet fully differentiated the progenitor cells remain flexible enough to
replenish several different cell types. Caplan et al.11 for instance have isolated progenitor
cells from human bone marrow that can be prompted in the laboratory into either
osteoblasts that form bone or chondrocytes that compose cartilage. In the next decade
major problems such as contamination of the cultures with connective tissue (fibroblasts)
and the relatively small amount of growing cells that actually can be cultivated remain to
be solved.

4.6 CONCLUSIONS



62

Although spinal fusion operations have been performed since the beginning of this
century, no consensus exists on the indications to perform lumbar spinal fusion in
degenerative chronic low back pain cases. Since general guidelines are lacking,
differences in belief of individual spine surgeons result in great geographic variations in
spinal fusion rates. Generally, a lot of surgeons hesitate to perform interbody fusion in this
group of patients because of the complexity of the operation and high failure rates in
multilevel arthrodesis. Partially responsible for disappointing results are poor patient
selection, improper diagnosis, and inability to identify the pain moderator. However, new
techniques that minimize the operation (mini-ALIF) and enhance the fusion rates (spinal
instrumentation) have been developed and fairly good till excellent results have been
reported in highly selected patients with single level fusions. Arthrodesis may therefore
result in pain relief in some patients.

Facts to keep in mind when considering lumbar spinal fusion are:

1. Successful outcomes of lumbar spinal fusion depend on medical as well as on complex
psychosocial and workplace factors. In each individual with chronic low back pain
these factors must be assessed and a selection must be made based on strict in- and
exclusive criteria.

 
2. Permanent spinal stability can be achieved by interbody fusion with or without the use

of internal fixation devices but not by fixation devices alone.
 
3. A technically successful and solid fusion does not necessarily result in a satisfactory

clinical outcome, and conversily postoperative pseudarthrosis is not synonymous with
clinical failure.

Future studies may provide better insight in the various causes of chronic low back pain
and provide objective tests for this condition. Only then scientific based selection of
patients for lumbar spinal fusion will become possible.
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