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Abstract

BACKGROUND: Degenerative lumbar spinal stenosis could be treated by laminectomy internal fixation placement, unilateral or
bilateral decompression, posterior laminectomy and so on. However, whether laminectomy internal fixation placement can be

used remains unclear.

OBJECTIVE: To evaluate the efficacy of interbody fusion cage implantation of pedicle screw fixation, in combination with posterior
lumbar laminectomy, bilateral resection and decompression of the inferior articular process, autologous facet joint bone
transplantation in the treatment of degenerative lumbar spinal stenosis.

METHODS: A total of 41 patients of degenerative lumbar spinal stenosis, who failed after 3 months of conservative therapy,
including 23 males and 18 females, at a mean of 60.3 years, received posterior lumbar laminectomy, bilateral inferior articular
process resection and decompression, autologous facet joint bone and cage interbody fusion implant pedicle fixation. They were
followed up for 24 months, preoperative and postoperative Japanese Orthopedic Association (JOA) score evaluations were
performed to assess the therapeutic efficacy of the patients, radiological examination was done to investigate the graft fusion and

vertebral stability of surgical segments in patients.

RESULTS AND CONCLUSION: During the follow-up, JOA score significantly increased compared with the preoperative score
(P < 0.01) and clinical excellence rate was 90%; 40 cases obtained bony fusion, with a fusion rate of 98%, 1 patient exhibited
signs of lumbar instability. There was no loosening, fracture and other complications after internal fixation, but 2 cases appeared
dural tear, 1 case pedicle position deviation, 1 case pseudoarticulation formation. The results suggest that the posterior lumbar
laminectomy, bilateral inferior articular process resection and decompression, autogenous facet joint bone and cage interbody
fusion implanted pedicle screw fixation show good clinical effects for the treatment of degenerative lumbar spinal stenosis.

INTRODUCTION

Degenerative lumbar spinal stenosis accounts for about
97% of lumbar spinal stenosis!", mainly due to spinal
degenerative changes increasing with age, causing
abnormal activity between adjacent vertebral body,
lumbar spinal canal therefore occurred bony and fibrous
structural abnormalities, dural sac and nerve root
compression arises a series of syndromes such as
lumbago and lower extremity pain. In severe cases,
surgical decompression is a commonly used and
effective clinical treatment.

The surgical methods of degenerative lumbar spinal
stenosis are unilateral or bilateral decompression,
posterior laminectomy and decompression, whole
laminectomy and internal fixation, etc. However, whether
interbody fusion implant internal fixation is necessary in
surgical treatment are still inconclusive.

From January to December in 2007, 41 patients of
degenerative lumbar spinal stenosis achieved good
therapeutic effects by use of posterior lumbar
laminectomy and bilateral inferior articular process
resection and decompression, autogenous facet joint
bone and interbody fusion cage implant placement of
pedicle fixation during the follow-up.

SUBJECTS AND METHODS

Design
Retrospective follow-up case analysis.

Time and setting
The experiment was performed between September
and December in 2007 at the Third Hospital of Hebei
Medical University.

Participants

Totally 41 patients, 23 males and 18 females, were
included. They aged 60.3 (45-71) years old. Duration
of the disease was from 20 months to 15 years, at an
average of 3 years and 5 months.

Inclusion criteria

Intermittent claudication, lumbago, hip and low limb
radiating pain or feeling abnormal, and symptoms
severe due to standing, walking or stretching the waist,
combined with lumbar MRI imaging examination,
consistent with the diagnosis of lumbar spinal
stenosis; had no significant improvement of
symptoms after more than 3 months of regular
conservative treatment. Among 41 patients, 26 cases
were accompanied with unilateral lower limb pain and
swelling sense, 15 cases with bilateral lower limb pain
and swelling sense, 21 cases positive for straight-leg
raising test (16 cases of unilateral, 5 cases of
bilateral), 3 cases with perineal numbness and
difficulties in urinating, 6 cases with lower limb
weakness and muscle atrophy; 19 cases of Ls and S4
nerve sensory disturbance, 16 cases of Achilles
tendon reflex abnormalities, 25 cases of ipsilateral
first toe of extending muscle strength weakening, 13
cases of plantar flexor strength weakening. The
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stenotic lesions of a single segment were seen in 28 cases, of
which 19 cases of Lss (Figure 1) and 9 cases of Ls-S1; double
segments in 12 cases, in which 3 cases of Lz4 and L4 s, 9 cases of
L4.5 and Ls-S+; three segments stenosis of L4, Las, Ls-S1in 1 case;
29 cases exhibited lumbar instability. All patients understand the
surgical treatment program and agreed to surgery.

a: Sagittal section showing L4s spinal canal stenosis,
intervertebral height lowering

b: Cross-section showing L4.5 spinal canal stenosis, inferior
articular process hyperplasia and cohesion, ligamenta flava
hyperplasia and hypertrophy, bilateral nerve root canal stenosis

c: Cross-section showing L4.5 spinal stenosis, inferior articular process
hyperplasia and cohesion, ligamenta flava hyperplasia and
ossification, bilateral nerve root canal stenosis

Figure 1 Preoperative lumbar spine MRI examination results at
the sagittal and cross-sectional levels

Internal fixation materials: Moss Miami spinal cord system
(Johnson & Johnson, USA) and interbody fusion cage (Cage) in
15 cases; pedicle screw-rod system (Beijing Fule Science and
Technology Development Co., Ltd., China) and interbody fusion
(Cage, Abbott Spine, French) in 26 cases.

Surgical methods

Continuous epidural anesthesia or general anesthesia, in a
prone position, regular exposure to spinous process and
bilateral upper and lower vertebral articular process at the
lesion, intraoperative X-ray guidance of pedicle screw
placement, removal of spinous process, lamina and inferior
articular process joints at the lesion, and expansion of nerve
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root canal, loosening the compressed nerve root, in the
protection of epidural and nerve root, complete removal of
intervertebral disc and cartilage end-plate, retaining the bony
end-plate, using the resected lamina and articular process bone,
trimmed into small granules and then implanted in front of and
both sides of the intervertebral space, and obliquely implanted
with one interbody fusion cage (cage), which was far away from
the posterior edge of the spinal canal for about 1.5 mm (Figure
2), the autologous superficial fascia was harvested to cover the
exposed epidural. Hemostatic gelatin sponge, negative
pressure drainage, incision inclosure were perpormed.

a: Preoperative intervertebral height reduction

b: Satisfactory interbody fusion and internal fixation
location, without loosening or fracture

Figure 2 Preoperative and postoperative 24-month L4.5
X-ray films at lateral view

Postoperative treatment

All patients received routine use of antibiotics at 3 days
postoperation, removal of stitches at 10-12 days, lying in bed
for 4-6 weeks, get out of bed under waist circumference
protection, avoided moving heavy objects within 3 months. At
postoperative 1 week, 6, 12, 24 months, respectively, the
patients were visited and should be shot in antro-posterior and
lateral lumbar X-ray films at every follow-up, some patients with
lumbar dynamic digital X-ray examination to analyze graft
fusion, lumbar stability and symptom improvement after
operation.

Efficacy evaluation criteria

Clinical symptoms were evaluated by Japanese Orthopedic
Association (JOA) score standards for low back pain,
preoperative score was recorded according to medical records
of patients and in the follow-up after operation, total score was
29 points. The higher the score, the less the symptoms, the
lower the functional disorder; the lower the score, the more
serious the symptoms, the more severe the functional

3227



@E}'é? Www.CRTER.org

Cao JM, et al. Interbody fusion cage implantation and bilateral inferior articular process...

impairment.

Nahal classification criteria for grading operation results
The criteria are as follows: excellent: intermittent claudication,
low back pain and other symptoms disappeared completely,
returning to work; Good: the symptoms disappeared, but the
mild low back pain occurred after exertion, does not affect the
work; Fair: low back pain still existed after surgery, lower limb
muscle strength and bladder sphincter function can not return to
normal, but has improved compared with before surgery; Poor:
no improvement in symptoms after surgery.

Graft fusion and the vertebral stability of surgical
segments

The interbody fusion was assessed according to the following
criteria™: a strong fusion, continuous trabecular bone crossed the
fused segments, the relative activities was less than 4° between
segments at the dynamic view; possible fusion, there was no
continuous trabecular bone on the fused segments, but the
relative activities was less than 4° between segments at the
dynamic view; non-fusion, there were obvious gaps on the fused
segments, the relative activities was more than 4° between
segments at the dynamic view. For the possible fused patients,
CT examination was performed to further determine fusion.

The lumbar dynamic X-ray film (hyperextension, hyperflexion,
left and right lateral flexion), lumbar segmental instability was
considered as = 3 mm displacement of adjacent vertebral
bodies in any direction.

Main outcome measurement
The surgical curative effect, graft fusion and vertebral stability of
surgical segments.

Design, enforcement and evaluation

This study was designed by the third and fourth authors, the
operation was implemented by the third, fifth, sixth authors, the
patients were evaluation by the first, second, seven authors
before and after surgery.

Statistical analysis

Using SPSS11.5 software package, data was analyzed by f-test,
a level of P < 0.05 was considered as statistical significance.
Statistical analysis was performed by the first and second
authors.

RESULTS

Follow-up results
All patients were followed up for 24 months and 41 patients
entered the final analysis.

JOA score

The average preoperative JOA score was (11.79+2.13) points,
postoperative follow-up average score was (25.83+3.77) points,
with statistically significant difference (t = 21.018, P < 0.01).
Among them, there were excellent in 26 cases, good in 11
cases, fair in 4 cases; clinical excellent and good rate was 90%.

Graft fusion
According to Suk’s method, the fusion was determined, 40
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cases obtained bony fusion during follow-up (Figure 3), with a
fusion rate of 98%. 1 patient exhibited no bone fusion, formed
pseudoarthrosis, without significant discomfort nor affection
on daily life, he received conservative treatment such as
external fixation through wearing waist, for further close
observation. At the end of follow-up, one case without bone
fusion exhibited unstable vertebral segment (2%), while the
rest patients had no lumbar instability.

Figure 3 Orthotopic X-ray films showed a good internal
fixation position, without loosening or fracture in
L4.5 spinal stenosis 24 months after surgery

Adverse events

During surgery, two cases of spinal dural tear had been
repaired, cerebrospinal fluid leakage or other discomforts did
not occur after surgery; one case with sustained nerve root
irritation had been inspected and confirmed by postoperative
CT films as a pedicle screw location inclined to the inner side,
the symptoms were obviously alleviated at 3 months after
conservative treatment, there was only a partial numbness.
No postoperative internal fixation loosening, fracture and
other complications occurred.

DISCUSSION

Characteristics of degenerative lumbar spinal stenosis
Degenerative lumbar spinal stenosis is common in middle-aged
and age populations, it exhibits slow onset and long course of the
disease, the most common symptoms were intermittent
claudication and standing discomfort, become severe after
tiredness and turn to ease with a break. Facet process
hypertrophy and cohesion, laminar thickness, thickening and
ossification of posterior longitudinal ligament and ligamentum
flavum, disc degeneration, posterior edge hyperplasia and
ossification, as well as osteophyte formation, which are often the
cause of degenerative lumbar spinal stenosis and always
accompanied with degenerative lumbar instability. The natural
course of disease is poor, those who fail to regular conservative
treatment, are suggested to receive surgical treatment as early
as possible!".

Surgical treatment of degenerative lumbar spinal stenosis
The majority of scholars think that the partial decompression is
predominant, surgical decompression is only given to the
affected side, whereas the opposite remains unchanged®?;
Liao et af® and Ruan et al”! believe that: as for the stenosis is
clear in imaging examination but only one lesion side of the
clinical symptoms, the patients should routinely perform
bilateral symmetrical decompression in order to avoid a
110004
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second operation; and traditional laminectomy spinal
decompression often destroy the stable structure of the spinal
canal to different degrees, thus affecting the stability of the
lumbar spine or severe the instability of original structure was
already unstable, which is one of the important reasons for
the poor effect of lumbar spine surgery!®®.

To maintain the stability of the postoperative spinal cord is the
key of lumbar spinal stenosis surgical treatment. Yu et afi"”
arise that the lumbar instability is one of the reasons for poor
efficacy of degenerative lumbar spinal canal stenosis, at the
same time of surgical decompression, the stability of the
lumbar spine should also be restored, while the internal
fixation fusion is particularly necessary for the prevention of
iatrogenic loss of stability. The long-term efficacy of
degenerative lumbar spinal stenosis surgery and secondary
lumbar instability have resulted in continuous low back pain
and disc herniation!""!. Javid et all'? have followed up 86
cases of lumbar spinal canal stenosis after surgical
decompression, the rate of satisfaction effect was 88% at 6
weeks after surgery, while 71% at 5-year follow-up. Silvers
et al™ summed up the excellent and good effect rate of
lumbar spinal canal stenosis patients was 90% at
post-operative 1 year and only 67% at 5 years. Graft fusion
is an important measure to the original and postoperative
instability in lumbar spine, especially for the widely used
decompression, bone fusion is an important measure to
maintain the efficacy. Most scholars believe that the fusion
internal fixation is suggested if there is an instability, the
advantage is to improve the fusion rate, restore
intervertebral height, correct deformity, immediately stabilize
the spine, induce early postoperative ambulation®®!.
Biomechanical and clinical studies have shown that
interbody fusion applied in spinal fusion can enhance the
stability of the surgical segment, restore intervertebral height,
while promoting a strong fusion!"*"%l. Hai et al'® applied
lumbar lateral and rear oblique single pieces of BAK
interbody fusion cage and the facet screw fixation in the
treatment of lumbar degenerative segmental instability and
nerve root canal stenosis, under the premise of full
decompression, it could maintain the stability of the spine,
while complete graft fusion, recent follow-up shows positive
clinical efficacy. Zdeblick!'” observed a group of patients with
degenerative lumbar spinal diseases and underwent lumbar
fusion, results found that fusion rate and the corresponding
clinical excellent and good effect rate were significantly higher
in the internal fixation group than the non-internal fixation group.
Booth et al'® observed the fusion rate was 100%, mid-and late
stage satisfaction rate of 83%. In the present study, patients
underwent decompression laminectomy, interbody fusion and
internal fixation, they can get up and do some activities internal
fixation, avoiding post-operative complications caused by
long-term bed rest, with a follow-up of 36.5 months, bone fusion
rate of 97.56%, rate of excellent and good clinical quality of
90.24%; except 1 patient (2.44%) without bone fusion exhibited
lumbar instability, the rest did not have signs of lumbar
instability.

Role of inferior articular process resection in degenerative
lumbar spinal stenosis
The primary purpose of a thorough and effective
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decompression is to treat degenerative lumbar spinal stenosis
and to relieve nerve compression, non-complete
decompression could play a direct impact on surgical treatment
efficacy. Surgical removal of small joints allow a wider field of
vision, which is conducive to resect intervertebral disc, nerve
root canal decompression provides more space for interbody
graft. Hypertrophy and cohesion of facet joints, as well as
ligamentum flavum hypertrophy can all induce lateral recess
stenosis and nerve root canal stenosis, which may produce
radioactive lower limb pain"®. Degenerative lumbar spinal
stenosis is mainly nerve root canal stenosis, the traditional PLIF
surgery retains facet joints and often can not effectively and
completely decompress the nerve root canal, thus leading to
the continued existence of postoperative nerve root
compression factor, is one of the main causes for the failed
syndrome of lumbar surgery. Yu et af'® believe that a
incomplete decompression is one of the reasons of poor
efficacy of degenerative lumbar spinal stenosis after operation,
while a thorough decompression is the key to the treatment.
Wang et al'""! also believe that the early reasons for poor
efficacy of decompression is insufficient decompression caused
invalid or early postoperative relapse, because patients are
worried that excessive removal will lead to iatrogenic instability
and reduce the decompression range. The patients were
subjected to bilateral inferior articular joint resection, ensuring a
thorough decompression, thereby avoiding the above situation.
In addition, if sneak resection of ligamenta flava and some bone
in the medial part of articular process underwent nerve root
decompression, it is easy to damage the compressed and
swelled nerve root; after the bilateral inferior articular joint
resection, lateral recess can be fully extended, nerve root
decompression may be through their shoulder and lateral spinal
canal such as a more broad perspective, and to reduce the
chances of nerve root injury, so that decompression is more
safe. Biomechanical studies®” have shown that, even if the
bilateral facet joints have been removed, under the influence of
the pedicle screw fixation system and cage implantation, it can
provide adequate spinal stiffness for spinal functional units. In
this study, patients received total laminectomy decompression,
intraoperative resection of bilateral hyperplasia of the inferior
articular process, so that a wider field of vision surgery is
obtained, the decompression is more thorough, more complete,
more safe; at the same time, autologous facet bone and
vertebral cage interbody fusion implant pedicle screw fixation,
based on the full decompression, could reconstruct and
maintain the stability of the lumbar spine, and achieve a
satisfactory clinical efficacy.
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