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Effect of Sagittal Plane Deformity of the Lumbar Spine
on Epidural Fibrosis Formation After Laminectomy
An Experimental Study in the Rat

Cengiz Cabukoğlu, MD,* Osman Güven, MD,† Yakup Yildirim, MD,‡ Hasan Kara, MD,* and
Saime Sezgin Ramadan, MD§

Study Design. An animal model of postlaminectomy
lumbar column sagittal plane deformity was designed
in rats.

Objectives. To analyze the effect of lumbar column
deformity (lordosis and kyphosis) on postlaminectomy
epidural fibrosis formation.

Summary of Background Data. Incidence of peridural
fibrosis formation after lumbar spinal surgery is consid-
erably high. Instability and sagittal plane deformity of the
lumbar spine has been implicated (not proven) as the
factors for the development of epidural fibrosis. The effect
of traction (kyphosis) or relaxation (lordosis) of the lum-
bar spine on epidural fibrosis formation is not known.

Methods. L4 laminectomies were performed in 30 rats.
Three equal groups were formed. In the control group
(group I), only laminectomy was performed. In other
groups after laminectomy, lumbar lordosis (group II) and
kyphosis (group III) was maintained with steel implants.
The scar formation was evaluated both histologically and
histomorphometrically on the 12th postoperative week.

Results. Kyphosis developed in group I. The mean
amount of peridural scar tissue was significantly more
evident in groups I and III than the lordosis group. The
extent of adherence to the dura mater and the nerve roots
was most apparent in group III.

Conclusions. Kyphosis and consequent traction of the
lumbar spine is one of the causes for increased epidural
fibrosis formation after laminectomy. On the contrary,
establishment of lordosis and relaxation of the lumbar
spine decreased the scar tissue formation in rats.
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Postoperative epidural fibrosis is a common occurrence
after lumbar spinal surgery and is one of the most chal-
lenging problems to the surgeon. Although it is defined as
a normal postsurgical biologic response,1,2 epidural fi-

brosis is 1 of the major contributing factor in suboptimal
patient outcome.3–5

Key and Ford were the first who defined the formation
of epidural fibrosis after lumbar laminectomy and theo-
rized the annulus fibrosis as the source of the scar tissue.6

LaRocca and McNab have shown that epidural fibrosis
originates from the paravertebral musculature and de-
scribed it as “laminectomy membrane.”7

Numerous materials and methods have been investi-
gated to prevent epidural fibrosis formation after spinal
surgery3,8–13; however, the concerns about the etiology
take much less attention. A variety of causes for the devel-
opment of extradural fibrosis have been suggested, includ-
ing retained surgical swab debris,14 compression of epi-
dural veins,15 surgical manipulation, bleeding,16and
defective fibrinolysis.17 Although instability and sagittal
plane deformity of the lumbar spine has been implicated as
the cause of epidural fibrosis,17–20 the relation was not
thoroughly investigated in the literature.

In the current study, the effect of lumbar instability
and sagittal plane position of the lumbar spine (ie, ky-
phosis or lordosis) on the constitution of epidural fibro-
sis was investigated in rats.

Materials and Methods

Animals. Thirty female Sprague-Dawley rats, aged 7 months,
weighing an average of 280 g, were used in the experiment.

Operative Procedure. Before the operative procedure, lateral
radiographs of the lumbar spine were taken after the animals
were anesthetized with a mixture of 35 mg/kg ketamine and 5
mg/kg xylazine hydrochloride administered intraperitoneally,
Each animal underwent bilateral L4 laminectomy.

The lumbar area of the rat was shaved with a standard
animal clipper. The operative field was then prepared in a ster-
ile manner using povidone–iodine solution. The operative site
was then draped in a standard fashion. A midline longitudinal
incision was made down to the spinous process.

The paraspinous muscles were stripped away from the lam-
ina and spinous process. The muscles were retracted bilaterally
with retractors. The L4 lamina was identified by counting up
from the sacrum. Complete bilateral L4 laminectomy was per-
formed, including excision of the spinous process of L4 and
ligamentum flavum, supraspinous and interspinous ligaments
of L3–L4 and L4–L5. The underlying dura was exposed but
not opened. Hemostasis was obtained with a bipolar electro-
cautery.

Groups. The rats were divided into 3 equal groups. In group I
(control group), only L4 laminectomy was performed. In group
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II (lordosis group), after L4 laminectomy, a steel wire was
passed through the spinous processes of the L3 and L5, and it
was tightened to compress the spinous processes up to decrease
the distance approximately to 0.5 cm in between. This proce-
dure shortened the posterior spinal column leading to lordosis
of the involved region of the lumbar spine (Figure 1). In group
III (kyphosis group), after laminectomy, a specially designed
standard stainless steel implant was inserted between the spi-
nous processes of L3 and L5 for distraction. This procedure
lengthened the posterior spinal column leading to kyphosis of
the involved region of the lumbar spine (Figure 2).

The wounds were closed in an anatomic fashion using in-
terrupted 3–0 Vicryl sutures to close the fascia and subcutane-
ous layers and by running 3–0 Dexon sutures in the subcutic-
ular layer. The early postoperative lateral radiographs of the
lumbar spine were obtained while the animals were still under
anesthesia.

Radiologic Evaluation. Measurement of the radiographic
lateral lumbar angles was obtained from the superior end plate
of L3 and the inferior end plate of L5 using Cobb’s method.21

Kyphotic angles were assigned positive values (Figure 3), and
lordotic angles were assigned negative values (Figure 4).

Histologic Examination. The animals were killed 12 weeks
after the surgery with a concentrated solution of pentobarbital,
and lateral radiographs of the lumbar spine were obtained im-
mediately. The lumbar spine with paravertebral muscles were
excised en bloc for histologic and histomorphometric studies
after removal of the hardware.

All fixation and dehydration procedures were performed at
room temperature. The lumbar spine with intrinsic muscula-
ture was placed in buffered formaldehyde for 3 days. It was
later placed in hydrochloric acid for 3 days for decalcification.
The L4 level was sewn and the entire laminectomy site removed
without damage. This block was isolated for further decalcifi-
cation for 4 days. Eight axial sections with a thickness of 4 m
were prepared for each laminectomy site and stained with he-
matoxylin and eosin (H&E) and Masson’s trichrome. All sections
were examined by a light microscope (Olympus BX-50). Histo-
logic analysis consisted of subjective evaluation of the extent of
fibrous tissue, the relation of the scar tissue with the dura mater,
nerve roots, and the regeneration of bone at the laminectomy site.

Figure 1. Formation of lumbar lordosis with tightened steel wire.

Figure 2. Establishment of lumbar kyphosis with a specially de-
signed implant.

Figure 3. Measurement of the kyphosis angle from the radio-
graph.
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Histomorphometry. Histomorphometric measurements
were done using a personal computer (Intel Pentium MMX 223
MHz, Matrox Meteor vision card). A Zeiss Vision KS400 ver-
sion 3.0 analysis program was used for the entire histomorpho-
metric evaluation. The macros necessary for the evaluation
were prepared from standard 3 � 2-mm templates. The tem-
plate was placed so that the 3-mm inferior edge was passing
tangent to the inner site of the dura mater ventrally. The line
that was crossing perpendicular to the midline of the dura ma-
ter was also passing through the midline of the template’s
3-mm edge (Figure 5). The ratio of fibrosis was calculated from
3 � 2-mm areas. The mean of the 8 axial fields was considered

the fibrosis ratio result for each rat and was expressed in per-
centage numbers.

Preoperative, early postoperative, and late postoperative ra-
diologic lumbar lateral angle values were compared with each
other in groups and also between each surgical group by using
the paired t test.

Comparison of fibrous tissue percentage among the lami-
nectomy, laminectomy lordosis, and laminectomy kyphosis
groups was analyzed by analysis of variance. If a significant
difference (P �0.05) was found, the groups were compared by
Tukey-Kramer multiple comparison test.

Results

Two rats from group II and 1 rat from group III were
excluded from the study as a result of radiologically de-
fined implant loosening and insufficiency. Also, 1 rat
from group I was not included, because some of the pre-
pared histologic specimens were not passing through the
laminectomy site.

Radiographic Evaluation
The average preoperative lateral lumbar angle was �1.90 in
group I, �1.70 in group II, and �1.80 in group III. The
difference was not statistically significant (Table 1).

The average early postoperative lateral lumbar angle
was �1.90 in group I, �11.40 in group II, and �190 in
group III. The difference was statistically significant be-
tween the groups (P �0.0001).

The average late postoperative lumbar angle was
�12.80 in group I, �10.80 in group II, and �19.20 in
group III. The late postoperative values were statistically
significant between the groups (P �0.01).

Comparison of the average early postoperative and
late postoperative values for group I were statistically
significant (P �0.001); however, statistical significance
was not defined for groups II and III.

Histology
In group I, a fibrous tissue layer that had developed at the
laminectomy site was identified in all of the specimens.
The collagen fibers in this tissue were predominantly par-
allel to the dura mater, but in some sections, the fibers lay
in other directions, especially into the paravertebral mus-
culature (Figure 6). In some specimens, the nerve roots
were wrapped by fibrous tissue. In some parts, the lam-
inectomy site had been partially closed by new bone for-
mation, which did not affect the presence of fibrous tissue
dorsal to the dura mater.

In group II, although formation of epidural fibrous
tissue is obvious, it is more demarcated than group I. The
amount of the fibrous tissue was denser in 2 of the spec-

Figure 4. Measurement of the lordosis angle from the radiograph.

Figure 5. The ratio of fibrosis was calculated from a 3 � 2-mm area.

Table 1. The Average Lateral Lumbar Angles

Group I Group II Group III P

Preoperative �1.9° �1.7° �1.8° NS
Early postoperative �1.9° �11.4° 19° �0.0001
Late postoperative 12.8° �10.8° 19.2° �0.001

NS � not significant.

2244 Spine • Volume 29 • Number 20 • 2004



imens. No case of nerve entrapment by fibrosis was ob-
served. In 1 specimen, massive infiltration of lenfoplas-
mocyte was detected. Bone regeneration to some extent
was seen in all cases (Figure 7).

In group III, a very dense fibrous tissue layer had de-
veloped in all of the specimens (Figure 8). Massive scar
tissue was sited on the laminectomy defect and adherent
to dura mater. The extent of adherence was extensive.
The fibrosis was progressing into the paravertebral mus-
cles and the nerve roots. Nerve root entrapment by fibro-
sis was prominent in all of the specimens. Lenfoplasmo-
cyte infiltration was apparent in 1 specimen. New bone
formation was detected to some degree.

Histomorphometric Evaluation
Considering all the slides together, the mean percentage
of scar tissue was 69.9% in group I, 50.9% in group II,
and 77.1% in group III (Table 2).

There was no statistically significant difference be-
tween group I and III; however, group II is significantly
different from both of them regarding percentage of fi-
brous tissue formation (P �0.001).

Discussion

Traction of the nerve roots and dura mater resulting
from the encircling epidural fibrosis is well document-
ed16,22–24; on the contrary, the consequence of traction
of the lumbar spine on formation of epidural fibrosis is
yet to be defined.

Many factors, including instability of the lumbar
spine and dependent sagittal plane deformity, has been
implicated in the etiology of the perineural fibrosis.17–20

Figure 6. Extension of fibrosis into the paravertebral muscles
(Masson’s trichrome; magnification, �20).

Figure 7. New bone formation is apparent within the fibrosis
(small arrowheads) over the dura mater (big arrowhead) (Mas-
son’s trichrome; magnification, �40).

Figure 8. Macroscopic cross-
sectional appearance of exten-
sive fibrosis formation in kypho-
s i s ( g r o u p I I I ) ( M a s s o n ’ s
trichrome).

Table 2. The Amount of Epidural Fibrosis Formation

Group I Group II Group III

Minimum 51.15 40.00 71.20
Maximum 83.15 63.40 85.44
Mean 69.92 50.95 77.14
Standard deviation 9.33 7.73 5.13

The values are in percentage numbers. Comparison of group I and III (not
significant), whereas group II is significantly different from both of them (P �
0.001).
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However, an examination of the literature reveals that
instability and deformity of the lumbar spine is more
often presumed than proven for the formation of epi-
dural fibrosis.

In the current study, epidural fibrosis formation was
investigated in laminectomy, laminectomy lordosis, and
laminectomy kyphosis groups on a rat model. Laminec-
tomy was preferred as the surgical model because it is
one of the most common lumbar spinal procedures. Per-
idural scar formation, instability, and failed back syn-
dromes with kyphosis are the main problems with this
procedure.25–27

Epidural fibrosis formation was more evident both
histologically and histomorphometrically in group I and
group III in which kyphosis developed. The amount of
scar tissue was significantly less in the lordosis group. In
the kyphosis group, heavy scar formation, including
thick dural adhesions associated with nerve root entrap-
ment in all of the cases, have indicated the severity of the
epidural fibrosis formation. The extent and density of the
fibrous tissue formation was less in the lordosis group.
The formed scar tissue was more organized and the in-
tensity was decreased so that no nerve root was com-
pressed by the fibrous tissue. New bone formation at the
laminectomy site was present in all of the groups. Al-
though adult humans do not regenerate bone except over
small defects,28 regeneration of bone across the laminec-
tomy defect is common for small animals.29,30

Increased scar tissue formation in lumbar kyphosis
may be directly related to mechanical stretching of the
nerves and the surrounding tissues that stimulates fibro-
sis formation or indirectly related to compression of the
epidural circulation, which leads to increased pressure
and secondary development of epidural fibrosis.31 Simi-
lar findings were reported for peripheral nerves in which
traction and ischemia were defined as the causes of thick-
ening of the fibrous elements of the nerves.32 Contradic-
tory to kyphosis, decreased epidural fibrosis formation in
the lordosis group (group II) is presumably related to the
prevention of cord tethering by shortening the posterior
column. This finding is in accordance with the clinical
study of Güven et al.33 in which restoration of the phys-
iological lordosis and concomitant relaxation of the cord
resulted in good functional outcome in patients with epi-
dural fibrosis.

Development of lumbar kyphosis in group I is an ex-
pected but interesting progression. Unlike the human lum-
bar spine, the lumbar region of the rats have minimal lor-
dosis. The quadrupedal stance of the rat loads the posterior
elements and paraspinal musculature of the lumbar spine
more than the upright human as a result of bending mo-
ment.34 Laminectomy and sectioning of the posterior ele-
ments weakened the load-bearing posterior part of the lum-
bar spine, which led to progressive kyphosis in rats.

In this study, although the subjective histologic find-
ings were defined, we mainly relied on objective histo-
morphometric parameters. The histomorphometric fi-
brosis percentage was measured as the average of 8 slices

because the amount of fibrosis cannot be evaluated ac-
curately using only 1 section per animal.16

Evaluation of postlaminectomy fibrosis in rats was
present in other studies and found to be reproduc-
ible.10,11 However, the results observed in animal models
should be applied with caution to humans. The main
difference is that the rat is a continuously growing mam-
mal with a readily healing process, which may be an
explanation for new bone formation over the laminec-
tomy site. Despite the limitations in the use of animal
models, the difficulties of studying postlaminectomy scar
formation in the human requires the use of such models
before clinical trials.10

In conclusion, kyphosis was found as a factor for in-
creased formation of epidural fibrosis. Contradictory to
kyphosis, establishment of lordosis with the accompany-
ing relaxation and stabilization of the lumbar spine de-
creased peridural scar tissue formation in the rat model.
In clinical settings, although rat data are different from
human data, when extensive or multilevel laminectomy
should be performed, special attention must be paid to
instability and the dependent loss of lumbar lordosis.
Prevention of spinal instability and maintenance of phys-
iological lordosis are important factors in the prevention
of epidural fibrosis. By providing these conditions, better
long-term results with low recurrent pain and revision
surgery may be possible after spinal surgery.

Key Points

● Establishment of lumbar lordosis decreased epi-
dural fibrosis formation.
● On the contrary, kyphosis increased this process.
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