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Study Design: Prospective cohort study.

Purpose: Evaluation of the clinico-radiological outcome and complications of limited laminectomy and restorative spinoplasty in spi-
nal canal stenosis.

Overview of Literature: It is critical to achieve adequate spinal decompression, while maintaining spinal stability.

Methods: Forty-four patients with degenerative lumbar canal stenosis underwent limited laminectomy and restorative spinoplasty
at our centre from July 2008 to December 2010. Four patients were lost to follow-up leaving a total of 40 patients at an average final
follow-up of 32 months (range, 24—41 months). There were 26 females and 14 males. The meantstandard deviation (SD) of the age
was 64.7+7.6 years (range, 5588 years). The final outcome was assessed using the Japanese Orthopaedic Association (JOA) score.
Results: At the time of the final follow-up, all patients recorded marked improvement in their symptoms, with only 2 patients com-
plaining of occasional mild back pain and 1 patient complaining of occasional mild leg pain. The mean+SD for the preoperative clau-
dication distance was 95.2+62.5 m, which improved to 582+147.7 m after the operation, and the preoperative anterio-posterior canal
diameter as measured on the computed tomography scan was 8.3+2.1 mm, which improved to 13.2+1.8 mm postoperatively. The JOA
score improved from a mean+SD of 13.3+4.1 to 22.9+4.1 at the time of the final follow-up. As for complications, dural tears occurred
in 2 patients, for which repair was performed with no additional treatment needed.

Conclusions: Limited laminectomy and restorative spinoplasty is an efficient surgical procedure which relieves neurogenic claudica-
tion by achieving sufficient decompression of the cord with maintenance of spinal stability.
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Introduction

Degenerative lumbar spinal stenosis is the most common
cause of lower backache and lower extremity discomfort
and disability in elderly patients. The incidence of ac-
quired lumbar stenosis is approximately 1 per 1,000 in
individuals older than 65 years [1]. With the increasing
longevity of our population and a continually rising pro-

portion of middle-aged and elderly patients, the problem
of lumbo-sacral pain is a significant health care issue [2].
Degenerative spinal stenosis typically becomes symptom-
atic when patients are in their middle to late 50s or early
60s [3]. It is three to five times more common in women
than men and most commonly affects the L4-L5 segment
followed by the L3-L4 segment [4].

It is generally accepted that surgery is indicated if well-
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conducted conservative management fails. Decompres-
sive laminectomy has been widely used as an operative
treatment for lumbar canal stenosis [5,6]. Classically,
surgical decompression involves extensive removal of the
posterior elements including the lamina, spinous process-
es, interspinous ligaments, ligamentum flavum and oc-
casionally the facet joints [7]. The advantages of conven-
tional laminectomy, i.e., good visibility, a large working
space and sufficient decompression, are offset by the fact
that resection of an osteoligamentous structure causes
secondary spinal instability [8]. Long segment spinal fu-
sion, advocated for postoperative instability, is associated
with higher complication rates and expenses [9].

It is critical to achieve adequate spinal decompression
in spinal canal stenosis while maintaining the spinal sta-
bility [10]. However, too limited a decompression can be
accompanied by re-growth of the bone that affects the
long term results. The best option would be an adequate
decompressive limited laminectomy with a nonfusion
technique of preserving the posterior ligament complex
integrity [11]. The integrity of the posterior ligament
complex (spinous process, intraspinous ligaments and su-
praspinous ligaments) and paraspinal muscles minimizes
the risk of developing de novo postoperative spinal insta-
bility. The present study was done to evaluate the clinico-
radiological outcomes and complications of limited
laminectomy and restorative spinoplasty in spinal canal
stenosis.

Materials and Methods

We performed limited laminectomy and restorative spi-
noplasty in 44 patients with degenerative lumbar canal
stenosis at our centre from January 2008 to December
2010. Forty patients were available for the outcome
analysis at the time of the final follow-up. There were 26
females and 14 males. The mean+standard deviation (SD)
for the age was 64.7+7.6 years (range, 55-88 years) and
the average final follow-up was 32 months (range, 24-41
months). The distribution of the site of the involved seg-
ments and level of decompression was as follows: L4-
L5 (n=20), L3-L4 and L4-L5 (n=10), L4-L5 and L5-S1
(n=6), L5-S1 (n=2) and L3-L4 (n=2). The clinical diag-
nosis was made from the patient’s history and a thorough
general physical and neurological examination. It was
correlated with plain radiography, magnetic resonance
imaging and computed tomography (CT) scans. Radio-

logical assessment was done to assess the interpediclular
distance, facet joint hypertrophy, the presence of spon-
dylolisthesis and the presence of stenosis with or without
superimposed arthrosis. Bending films of the lumbar
spine in the lateral view were done to assess dynamic
instability. In the CT scans, anything less than 11 mm for
the anterioposterior (AP) diameter for the lumbar spine
was considered abnormal [12]. Inclusion criteria were
patients with failed conservative treatment for 2 months
with diminution of motor power in the lower limbs,
hypoesthesia in the soles and/or in the saddle area, and
disturbance of sphincter functions or neurological claudi-
cation (walking distance <200 m). Exclusion criteria were
an AP diameter of the canal of more than 11 mm on the
CT scan, pure lateral canal stenosis, a history of previ-
ous spinal surgery, severe chronic or co-morbid diseases
and suspected malignancy, fracture of the spine, spon-
dylolisthesis greater than Meyerding grade II, peripheral
neuropathies, peripheral vascular disease and spinal cord
tumour.

Patients were given an explanation in detail about the
surgery and rehabilitation programme. All patients were
subjected to surgery under general anaesthesia after
giving informed consent. The patients were positioned
prone on wooden blocks, designed indigenously as an
alternative to the Relton Hall frame [13]. The procedural
approach was through a midline incision over the ste-
notic vertebrae in all cases. The paraspinal muscles were
reflected on both sides subperiosteally, while preserving
the supraspinous and interspinous ligaments, and the
posterior portion of the vertebral arch was exposed. The
spinous process was cut in an L-shape at the junction of
the proximal one-third and distal two-thirds. The distal
two-thirds of the cut spinous process was caudally re-
flected together with the distal interspinous-supraspinous
ligament complex (Fig. 1). Limited laminectomy was
performed whereby the corresponding vertebral laminae
were removed along with the hypertrophied ligament fla-
vum and the offending osseous or discogenic compress-
ing structures. Except in four patients, with associated
foraminal stenosis, we did not resort to excision of the
facet joints. Adequacy of decompression was assessed by
a probe.

After decompressing the neural tissue, the spinous
process was repositioned and reconstructed with tight
suturing using nonabsorbable suture material (spino-
plasty) (Figs. 2, 3). The incision was closed in layers. The
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operative findings were recorded and correlated with the
clinico-radiological impression. Isometric abdominal
and lower extremity exercises were started on the second

postoperative day. As the patient’s strength increased,

Fig. 1. Spinous process was cut at the junction of the upper 1/3rd and
the lower 2/3rd and drill holes were made for the passage of sutures
at a latter stage.

earlier.

Fig. 2. (A, B) Caudally retracted distal 2/3rd of the spinous process sutured back to the proximal 1/3rd through a drill hole made
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isotonic leg exercises were also started. Patients were al-
lowed to move out of the bed as soon as possible with a
spinal brace. Patients were instructed to avoid prolonged
sitting for the first 3 weeks. Lifting, bending, and stopping
were gradually restarted after the sixth week. Patients
were reviewed clinically and radiologically at 2 weeks (at
the time of the removal of sutures) and thereafter every
month for 3 months, then once every 3 months for 1 year
and thereafter twice a year. A postoperative CT scan was
done to measure the diameter of the spinal canal. Along
with a neurological examination, patients were assessed
for any signs of deep vein thrombosis, local haemorrhage
and haematoma at the operative site. The Japanese Ortho-
paedic Association (JOA) score before surgery and at the
time of the final follow-up were compared.

Results

All of the patients had ligamentum flavum hypertrophy,
13 had facet joint hypertrophy, 6 had thickening of the

N N

Fig. 3. (A, B) Sutured spinous process after achieving decompression.
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laminae and 12 patients had associated disc herniation.
The average operation time was 108 minutes (range, 90-
120 minutes). The average blood loss during the surgery
was 150 mL (range, 120-200 mL) and none of our pa-
tients required a blood transfusion. The mean+SD for the
AP canal diameter as measured on the CT scan preopera-
tively was 8.3+2.1 mm and postoperatively was 13.2+1.8
mm. No patient had difficulty in doing active flexion-
extension movements, active lateral bending or rota-
tions (Fig. 4). Patients experienced marked relief from
the neurogenic claudication and they observed marked
improvement in their preoperative stooping posture.
The meantSD for the preoperative claudication distance
was 95.24+62.5 m which improved to 582+147.7 m after
surgery. At the time of the final follow-up, only 2 patients
complained of occasional mild back pain and 1 patient
of occasional mild leg pain. There was no postoperative
deformity and none of our cases suffered from failed back

X =
. -

.

o .

s L
£

O]

syndrome or nerve root injury. There was no significant
difference in the sagittal alignment as seen on flexion—ex-
tension X-rays. As for complications, dural tears occurred
in 2 patients; the tears were repaired and needed no ad-
ditional treatment.

The mean+SD for the preoperative JOA score was
13.3+4.1 which improved to 22.9+3.2. Improvement in
the JOA scores was significant by the paired Student’s
t-test. Scores of each item categorised in the JOA score
improved in all cases and the change in scores was statis-
tically significant for each item (p<0.05).

Discussion

Degenerative spinal stenosis refers to a pathological con-
dition causing compression of the contents of the osteo-
ligamentous vertebral canal and/or the intervertebral fo-
raminal canal, particularly the neural structures. It is one

Fig. 4. (A) Preoperative radiographs of a 72-year-old female with lumbar canal stenosis and degerative disc disease at L3-L4.
Limited laminectomy and restorative spinoplasty was done. (B) Postoperative computed tomography scan showing a wide lum-
bar canal and retained spinous process. (C) Follow-up radiographs showing well-maintained sagittal alignment at the 36-month
follow-up. (D) Extension and flexion clinical photographs of the same patient at the 36-month follow-up.
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of the most common spinal disorders affecting people
older than 50 years of age and occurs as the end stage of
long-standing disc disease, often at several lumbar seg-
ments. Decompressive surgery has been the method of
choice for many years for those with progressive neuro-
logical symptoms. Preservation of the posterior elements
is the most important factor in the success of decompres-
sion surgery for lumbar canal stenosis [14], but occur-
rence of postoperative instability and restenosis has been
a shortcoming of laminectomy [15]. Despite affording a
wide decompression, laminectomy or “unroofing” of the
spinal canal can cause destruction or impairment insuffi-
ciency of the pars interarticularis or facet joints, resulting
in segmental instability and paravertebral muscle atro-
phy [16]. Fenestration has been developed to solve this
problem of laminectomy [17]. This method, which does
not remove the midline osteoligamentous structure, pre-
serves spinal stability but at the cost of limited access to
the nerve tissues, leading to insufficient decompression in
the lateral recesses, especially in patients with narrow and
steep facet joints. The potential risk for neural injury in a
small working space is also a problem [8,18,19]. Recently,
the addition of fusion techniques and instrumentation
for surgical decompression has become accepted; how-
ever, indications for these procedures are still unclear. On
the other hand, as Resnick et al. [20] reported in their
multi center study, there is no proof in favor of fusion
procedures or instrumentation for degenerative lumbar
stenosis without deformity or preoperative instability.
Turner et al. [5] found no difference in the outcomes be-
tween patients with or without fusion in a comprehensive
literature review, with a satisfaction rate of about 70% for
all procedures. Grob et al. [21] showed no advantage of
instrumented fusion over laminectomy without arthrod-
esis in a randomized controlled trial of 45 patients with
degenerative spinal stenosis and no spondylolisthesis.
The mean canal diameter at all stenotic levels was 8.3
mm. The normal mid-sagittal diameter of the lumbar
vertebral canal is defined as greater than 12 mm. Relative
stenosis occurs when the canal diameter is between 10
mm and 12 mm, and absolute stenosis is defined as less
than 10 mm [22]. These measurements, however, are only
guidelines. The extent of compression of the nerve roots
and cauda equina and the patient’s signs and symptoms
are more important than the canal diameter [23]. There is
no consensus on the prognostic significance of the degree
of preoperative spinal canal stenosis. The relationship
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between the severity of the preoperative radiographic
findings and surgical outcomes following decompression
for lumbar degenerative spinal canal stenosis is unclear
[24-26]. Degenerative spinal canal stenosis with neuro-
genic claudication, however, is physiologically distinct
from these more acute types of neurologic compression.
The slowly progressive compression appears to afford the
roots time to physiologically adjust to the changing situ-
ation so that many patients with severe narrowing of the
spinal canal remain asymptomatic. There is, however, a
subgroup of patients with milder degrees of stenosis who
clearly present with neurogenic claudication suggesting
that factors intrinsic to the roots may diminish their abil-
ity to physiologically adjust to compression

Minimization of bone and ligament removal results in
greater preservation of the normal motion of the lumbar
spine after surgery. The preservation and integrity of the
spinous process, supraspinous ligament and interspinous
ligament complex in spinoplasty prevents instability fol-
lowing decompressive laminectomies. In a cadaveric
study, the biomechanical effect of graded removal of pos-
terior elements associated with the various approaches
was investigated. This study suggested that preservation
of the posterior spinal elements could minimize the risk
of developing de novo postoperative changes in spinal
alignment and/or acceleration of facet and disc degen-
eration [16]. Loss of the spinous process and ligaments
makes the paraspinal muscles puny and compromises
their function. Due to the loss of levers, the lumbar spine
may not cope up with stress. Therefore, every effort
should be made to preserve each component of the pos-
terior complex unit.

The interspinous ligament and osseous integrity play a
vital role in maintaining the segment stability of the lum-
bar spine. The load sharing among different ligaments
predicted under a flexion load suggests that the supraspi-
nous ligament carries the greatest load, followed by the
ligamentum flavum, capsular ligament, intertransverse
ligament, and interspinous ligament. The transection of
ligaments increases the flexibility of the joint, the strains
on the rest of the ligaments as well as the moment on the
disc [13]. In a cadaveric study on porcine lumbar spine,
Chen et al. [27] concluded that under flexion, the inter-
vertebral displacement on the adjacent disc with a com-
plete laminectomy was statistically larger than with an
intact posterior osseous-interspinous ligament complex.
Therefore, the integrity of the posterior complex (spinous
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process-supraspinous ligament-spinous process) acts as
a tension band in flexion and helps stabilize the decom-
pressed spine.

The evolution of minimally invasive techniques like
microendoscopic decompression has led to safe and ef-
fective applications for the treatment of lumbar canal
stenosis with the need for only a small-skin incision and
gentle tissue dissection but symptomatic outcomes have
remained similar or less fruitful than with conventional
surgical procedures [17]. Endoscopic procedure is a rela-
tively new technique and has a long learning curve. Once
the surgical skills are perfected, it can be performed safely
and effectively [28]. Our study has its own set of limita-
tions, which include a relatively small sample size and
lack of comparison. The strength of the study is that it is a
single centre study with the same surgical team.

Conclusions

Limited laminectomy and restorative spinoplasty sur-
gery has significant advantages compared to standard
laminectomy for lumbar canal stenosis. It has yielded en-
couraging results in relieving neurogenic claudication by
increasing the canal diameter and maintaining the spinal
stability. However, we suggest that comparative studies
with a larger sample size are required to further support
this observation.
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