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lumbar spinal stenosis to prevent iatrogenic instability
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ABSTRACT

Background: latrogenic instability following laminectomy occurs in patients with degenerative lumbar canal stenosis. Long segment
fusions to obviate postoperative instability result in loss of motion of lumbar spine and predisposes to adjacent level degeneration.
The best alternative would be an adequate decompressive laminectomy with a nonfusion technique of preserving the posterior
ligament complex integrity. We report a retrospective analysis of multilevel lumbar canal stenosis that were operated for posterior
decompression and underwent spinaplasty to preserve posterior ligament complex integrity for outcome of decompression and
iatrogenic instability.

Materials and Methods: 610 patients of degenerative lumbar canal stenosis (n=520) and development spinal canal stenosis
(n=90), with a mean age 58 years (33—-85 years), underwent multilevel laminectomies and spinaplasty procedure. At followup,
changes in the posture while walking, increase in the walking distance, improvement in the dysesthesia in lower limb, the motor
power, capability to negotiate stairs and sphincter function were assessed. Forward excursion of vertebrae more than 4 mm in
flexion—extension lateral X-ray of the spine as compared to the preoperative movements was considered as the iatrogenic instability.
Clinical assessment was done in standing posture regarding active flexion—extension movement, lateral bending and rotations.
Results: All patients were followed up from 3 to 10 years. None of the patients had neurological deterioration or pain or catch while
movement. Walking distance improved by 5-10 times, with marked relief (70-90%) in neurogenic claudication and preoperative
stooping posture, with improvement in sensation and motor power. There was no significant difference in the sagittal alignment
as well as anterior translation. Two patients with concomitant scoliosis and one with cauda equine syndrome had incomplete
recovery. Two patients who developed disc protrusion, underwent a second operation for a symptomatic disc prolapse.
Conclusion: Spinaplasty following posterior decompression for multilevel lumbar canal stenosis is a simple operation, without
any serious complications, retaining median structures, maintaining the tension band and the strength with least disturbance of
kinematics, mobility, stability and lordosis of the lumbar spine.

Key words: Decompression, laminectomies, lumbar canal stenosis, multilevel, posterior ligamentous complex, spinaplasty

INTRODUCTION ligamentum flavum jeopardize the integrity of posterior
complex of the spine. However, iatrogenic instability

ecompressive laminectomy has been widely used as following extensive laminectomy occurs in some patients

an operative treatment for lumbar canal stenosis.® with degenerative lumbar canal stenosis or in patients
Laminectomy including removal of spinous process, who are associated with pre-existing spondylolisthesis.®°

supraspinous ligament, interspinous ligament, lamina and ~ Long segment fusions have been done by some workers to
obviate postoperative instability; however, such operations

, ‘ , A result in loss of motion of lumbar spine and predisposes the
Vidyasagar Institute of Mental Health and Neurosciences, Nehru Nagar, New Delhi, A i A 1013 .
'University College of Medical Sciences & GTB Hospital, Delhi, India spine for adjacent level degeneratlon. Bt is important
Address for correspondence: Dr. Anil K Jain, in the treatment of spinal stenoses to achieve adequate
Prof. of Orthopaedics, University College of Medical Sciences & Guru Teg Bahadur spinal decompression while maintaining the spinal
Hospital, Delhi — 110 095, India. E-mail: dranilkjain@gmail.com Qo1 . . .
stability.! The preservation of posterior spinal elements
associated with minimally invasive surgery could minimize
the risk of developing de novo postoperative changes
Website: in spinal alignment and/or acceleration of facet and disc
wwwjjoonline.com degeneration. The best alternative would be an adequate
decompressive laminectomy in degenerative lumbar
DOI: canal stenosis with a nonfusion technique of preserving
10.4103/0019-5413.83140 the posterior ligament complex integrity. The integrity
of posterior ligament complex is preserved by repairing

Access this article online

Quick Response Code:

Indian Journal of Orthopaedics | September 2011 | Vol. 45 | Issue 5 396



Tuli, et al.: Multilevel lumbar canal stenosis

the median structures, i.e. spinous process, intraspinous
ligaments and supraspinous ligaments, by lifting them as
one piece and repairing after the spinal decompression.
The paraspinal muscles are sutured to the repaired median
raphae. We describe this procedure as spinaplasty. We
report a retrospective analysis of cases of multilevel
lumbar canal stenosis that were operated for posterior
decompression and underwent spinaplasty for outcome of
decompression and iatrogenic instability.

MATERIALS AND METHODS

Six hundred and ninety patients suffering from multilevel
lumbar canal stenosis underwent multilevel laminectomies
and spinaplasty procedure from 1995 to 2005. Out of these,
patients suffering from degenerative lumbar canal stenosis
(n=520) and symptomatic development spinal canal stenosis
(n=90), with a mean age of 58 years (33-85 years),
were followed up for 3 years or more were included in
the analysis. There were 427 men and 183 women. The
patients of developmental canal stenosis were younger
(33-59 years); 88 of them were symptomatic essentially due
to development canal stenosis while 2 of them presented
with cauda equine syndrome. The elderly group of 520
patients (age 60-85 years) were symptomatic because of
degenerative lumbar canal stenosis. They presented with
pain in lower limbs while walking (neurogenic claudication),
attaining a stooping posture to get some pain relief while
walking, with radiating pains in lower limb. Over time,
it led to progressive reduction in the walking distance,
weakness by one grade in dorsiflexor or planter flexor or
both.? There was difficulty in walking on toes at one or
both sides (n=31, 6%) difficulty in walking on heels at one
or both sides (n=26, 5%) or weakness of both the groups
(n=10, 2%). Each patient had symptoms for 6 months to 5
years preoperatively and had tried adequate conservative
treatment for 3 months or more in the form of spinal
exercises (flexion and extension), physiotherapy measures
such as short wave diathermy and/or ultrasound therapy,
nonsteroidal anti-inflammatory drugs (NSAIDs) with or
without light lumbosacral brace. The plain X-ray pelvis
including both hips (AP view) and lumbosacral X-ray
(D12-S2, AP, lateral and flexion extension view) were done
to rule out any structural vertebral pathology and define
localized instability if present. Magnetic resonance imaging
(MRI) was done in all cases.

Common comorbidities in the elderly group were
hypertension (n=437, 84%), diabetes (n=58, 11%),
hypothyroidism (n=20, 4%) and parkinsonism (n=>5,
1%). In the elderly group, two patients had concomitant
scoliosis of 30° or more and three patients had concomitant
preexisting degenerative spondylolisthesis (L4-L5) prior
to the index operation. Complete compatibility between

the clinical pictures and MRI was considered mandatory
before considering patients for operative intervention.
We performed decompression and spinaplasty when the
patient had one or more of the following clinical features:
disturbance of sphincter functions, diminution of motor
power in lower limbs, hypoesthesia in soles and/or at
saddle area, reduction in walking distance to less than 200
m and disabling pain (dysesthesia) in legs. The patients
included in the analysis had minimum of 2 level and
maximum of 4 level decompression. Very obese patients
with body mass index (BMI) more than 30 were excluded.
All patients with comorbidities were treated and stabilized
by physicians and anesthesiologists before inclusion for
operative intervention. Lumbar canal stenosis associated
with prior operation on the spine, ankylosing spondylitis,
fluorosis, and achondroplasia and those who had symptoms
in tandem with cervical canal stenosis were excluded
[Table 1].

Operative technique

This operation was performed in lateral decubitus
position, with more symptomatic side pointing toward the
ceiling. A midline incision was made through the skin and
subcutaneous tissues. Two incisions were now made, one on
each side of the median structures, keeping approximately
1.5 cm width of supraspinous ligaments intact. Median
structures including supraspinous and interspinous
ligaments, and spinous processes were separated from
paravertebral fascia and muscles. Supraspinous and
interspinous ligaments were cut at the most distal level of
decompression [Figures 1 and 2]. The ligaments were cut
along the proximal border of S1. Spinous processes were
cut from their base in distal to proximal direction. The
number of spinous processes cut depends on the number
of levels to be decompressed. For a 4 level decompression,
three spinous processes were cut. The required spinous
processes attached to their supraspinous and interspinous
ligament were lifted up as a continuous median mass still
attached proximally.

Table 1: Inclusion and exclusion criteria for the study
Inclusion criteria  Degeneration/developmental spinal canal
stenosis
2 or more level wide (maximum 4 levels)
laminectomies

Minimum followup of more than 3 years
Single level laminectomy

Patients on conservative treatment for
symptomatic LCS for less than 6 months
Followup less than 3 years

Very obese patients with body mass index more
than 30, lumbar canal stenosis associated

with prior operation on the spine, ankylosing
spondylitis, fluorosis, achondroplasia and
patients who had symptoms due to LCS in
tandem with cervical canal stenosis were
excluded

Exclusion criteria

397
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Figure 1: Diagrammatic representation of spinaplasty operation. (a) Line diagram of spine in sagittal view shows normal attachment of supraspinous
and interspinous ligaments. (b) Supraspinous and interspinous ligaments are cut at most distal level of the planned decompression. Spinous
processes are cut from the base and lifted up as a continuous median mass still attached to the suraspinous and interspinous ligament and their
undisturbed proximal attachment. (c) After adequate decompression and suturing of the deepest layer of muscles over the dura, the median
structures are sutured to the distal bed and paraspinal muscles (d) line diagram of axial view and (e) axial view of CT scan shows laminectomy

and remains of spinous process after spinaplasty

A standard laminectomy was performed, ligament flavum
was excised, and any offending osseous or discogenic
compressing material (n=11) was removed to achieve
adequate decompression of the entire stenotic width and
length of the dural tube and its contents. Deroofing of the
nerve root (n=9) canals was performed when required.
The epidural space was closed by stitching the deepest
layer of muscles. Under (deeper) surface of the spinous
processes was trimmed by 3-4 mm. The central mass of
spinous processes with its supraspinous and interspinous
ligaments was sutured to its distal bed. The paravertebral
muscles and fascia were sutured to the median structures.
Thus posterior caudal ligament was repaired meticulously,
as paraspinal muscles were stitched back.

The wound was closed in layers over the suction drain. No
blood transfusion was used for decompression up to 3 levels.
Seventeen patients with decompression of 4 levels required
blood replacement of 1 unit. The drain was removed after
48-72 hours and the patients were encouraged to walk with
a light brace on 3 or 4% postoperative day. Exercises of the
spine taught preoperatively were encouraged as soon as the
postoperative pain subsided by 7" day of surgery. Most of
the patients were performing exercises of the spine which
they were trained to do before surgery in the recumbant
position, such as active spinal extension, lifting of lower limb
against gravity to strengthen the abdominal wall muscles
and muscles of the hip joint. The spinal brace was gradually
discarded about 3 months after the operation except in
patients who had scoliosis of 30° or more. No restrictions
were imposed on the physical activities of the patients after
3 months of the operation.

On followup, the patient and his/her close relations were
enquired about any changes in the posture while walking,
increase in the walking distance, improvement in dysesthesia
in lower limb, the motor power, capability to negotiate stairs
and sphincter function. The patients were called 2-3 weeks
after discharge from the hospital for clinical assessment and

Figure 2: Intraoperative photographs of the operative steps:
(a) median mass of supraspinous, interspinous ligaments and spinous
processes exposed; (b) median structures lifted up en masse still
attached proximally (arrow); (c) median structures sutured to the distal
bed and to paraspinal muscles and aponeurosis; (d) paraspinal muscles
are stitched to median structures

stitch removal. They were evaluated at 3 months after the
procedure, and thereafter at 6—-12 months interval. Patients
were followed up by periodic clinical examination and X-rays
anteroposterior and lateral view of lumbosacral spine in
maximum flexion and extension at 1 year and last followup.
Any forward excursion of vertebrae more than 4 mm on
flexion—extension lateral X-ray of the spine as compared to
the preoperative was considered as the instability created or
added by the index operation. All patients with minimum 3
years followup were included in the analysis.

ResuLTs

Six hundred and ten patients which could be followed up
for 3 years or more were included in the study. All patients
were followed up from 3 to 10 years after the operation.
They had no difficulty in doing active flexion—extension
movement, active lateral bending and rotations smoothly,
without “catch” or apprehension [Figures 3a,b, 4d,e]. They
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were steady and had no hesitation or pain or “catch” on
movement. No patient deteriorated neurologically in the
immediate postoperative period. At their last followup,
(3-10 years after the index operation), walking distance
improved by 5-10 times from that of preoperative
status. Patients experienced marked relief (70-90%)
from neurogenic claudication and they observed marked
improvement in their preoperative stooping posture.
Clinical assessment of neurological signs at 3 months
after operation revealed no objective deterioration of
preoperative neural signs in any patient. When assessed at
3 years after the operation, every patient showed
improvement in sensation and motor power. Two young
male patients who had presented with cauda equina
syndrome due to severe developmental canal stenosis
showed partial recovery of sphincters, sexual functions
and neurology. Least neural recovery was seen in two
patients of degenerative lumbar canal stenosis with
concomitant scoliosis of 30° or more [Table 2]. One
young female patient developed postoperative discitis
at L4-L5 level despite the fact that no intervention was
done at the disc while performing decompression for
developmental canal stenosis. Two patients aged 62 and
76 years, respectively, underwent a second operation for a
symptomatic disc prolapsed at L5-S1 level, 6 and 8 years
after the index surgery. Six ambulatory patients suffering
from parkinsonism maintained their ambulatory function
with some improvement in their walking distance and
neurogenic claudication. Three months after the operation,

’'s

Figure 3: Clinical photographs of a 76 years old patient of degenerative
canal stenosis at 6 years followup shows good forward flexion
(a) and extension (b). X-ray (lateral view) in flexion (c) and extension
(d) shows stable spine

the lumbosacral spinal support was gradually discarded.
All the patients were permitted and could do their normal
activities without restriction except for crude/strenuous
activities (boxing or wrestling or jumping). LS belt was still
advised to be used for long travels in public transport.

Radiological evaluation

All patients had radiographic assessment between 3 and 9
years postoperatively. There was no significant difference
in the sagittal alignment as seen on flexion—extension
X-rays. The preoperative spondylolisthesis did not show
any deterioration or improvement. Postoperative scoliotic
angle remained unchanged in those who had scoliosis.
Two patients who developed discogenic pain 6-8 years
postoperatively had MRI evaluation which showed newly
developed evidence of disc protrusion at L5-S1 level.

Flexion—extension lateral X-rays did not show any significant
anterior translation [Figures 3-5]. Even in the patient
(n=3) who had preexisting spondylolisthesis, any change
in the excursion was by less than 4 mm. The slip angle
did not show any significant variation in flexion—extension
X-rays though we found this assessment inconsistent and
undependable because of irregularity of bone surfaces in
the analyzed clinical material.

DiscussioN

Verbiest (1954)? deserves the credit for making the medical

Figure 4: Plain X-ray lumbar spine antero-posterior view of a young
patient of developmental spinal stenosis at 8 years follow-up shows
adequate decompression following 3-level laminectomies. The arrow
shows a shadow of retained tip of spinous process. Lateral X-ray in
extension (b) and flexion (c) shows a stable spine. Clinical photograph
in extension (d) and flexion (e) shows clinical stability
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Figure 5: 3D reconstructed sagittal (a) coronal (b) and axial CT (c) of 10 years follow-up in a 55-year-old patient who underwent spinaplasty

following laminectomy, showing adequate decompression and healing and continuity of midline structure

Table 2: Demographics, results and complications of the
spinaplasty

Number of patients operated 690
Number of patients included in analysis 610
Males 427
Females 183
Mean age 58 (range 33-85) years
Degenerative lumbar canal stenosis 520
Scoliosis (>30°) 2
Spondylolisthesis 3
Associated comorbidities
Hypertension 437 (84%)
Diabetes 58 (11%)
Hypothyroidism 20 (4%)
Parkinsonism 5(1%)
Developmental spinal canal stenosis 90
Symptomatic 88
Cauda equina syndrome 2
Follow—up
Mean follow-up 5.5 years
Minimum 3 years
Maximum 10 years
Results
Clinical deterioration Nil
Improvement in walking distance 5-10 times
Partial recovery 4 (2 — cauda equina
syndrome)

(2 — scoliosis)
Complications

Discitis 1
Dural injury Nil
Second surgery (discestomy) 2

world aware about the condition, which is now called
lumbar canal stenosis. It is a common spinal problem in
people over the age of 65 years. Surgery is required with
increasing frequency in such patients.!>2! The incidence
of postoperative (5-10 years) instability after extensive
decompressive laminectomy is reported as 3-20%.71°Many
workers have combined extensive laminectomy with fusion
with or without instrumented stabilization.?'** However,

there is no convincing evidence to suggest that concomitant
fusion has increased patients’ satisfaction.?>?° Fusion of
mobile segments of the spine entails hypermobility of the
adjacent unfused joints which may lead to instability (more
than 3 mm of anteroposterior translation) or premature
disc degeneration or stenosis of the canal. The incidence
of adjacent segment degeneration in patients followed
up for 5 years or more after fusion has been reported as
10-30%.113 Such changes may reflect the natural history
of lumbar spondylosis over the years;?>?° however, these
are of significance if associated with clinical symptoms
of radiculopathy, discogenic pain and stenosis referable
to that level.?>2¢ Juxta fusion level changes account for
substantial percentage of revision spine surgery. Most
of such subsequent operations have involved neural
decompression rather than further extension of spinal
fusion. Adequate decompression of the stenotic area
therefore should be mandatory in the first operation to
minimize the necessity of a second decompression. In
the absence of preexisting spinal instability, arthrodesis is
unnecessary after decompression of lumbar spine for canal
stenosis. No difference was found in the improvement of
walking distance and relief of pain (followup more than
2 years) in patients who had decompression alone or
decompression with fusion.!121-2527-29

The integrity of the spinous process, supraspinous ligament
and interspinous ligament complex is important to prevent
instability following decompressive laminectomies. Daily
activities (stress) on the lumbar spine and lumbosacral
transition make great static and dynamic demands. Nature
has provided this part of the spine with large massive
vertebrae and strong muscle ligament structures. Therefore,
we must consider sparing each component of posterior
complex unit. The paraspinal muscles also lose their levers
and their function and becomes weaker with separation
of the muscles with dissection of their tendinous part free
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from their body attachments and with excision of osseous
part. The superspinous and interspinous ligament provide
resistance at the limit of flexion.

A biomechanical evaluation of graded posterior element
removal between total laminectomy, interlaminar approach
and minimally invasive approach was conducted in a
cadaveric model. It demonstrated increased flexion—
extension and axial rotation at the surgical site, particularly
after total laminectomy. The author concluded that
minimization of bone and ligament removal associated
with minimally invasive surgery could minimize the risk
of developing de novo postoperative changes in spinal
alignment.°

In an experimental study, biomechanical comparison
of lumbar spine instability between laminectomy and
laminotomy was analyzed. It was noted that intervertebral
displacement during flexion load on laminectomy specimen
was greater than in a laminotomy specimen, suggesting
that the posterior complex integrity is less likely to develop
segmental instability than a lumbar spine with a destroyed
anchoring point for supraspinous ligament.!

Similarly, Chan et al.3% had tested the effect of interspinous
ligament integrity on adjacent segment instability after
lumbar instrumentation and laminectomy on a fresh
porcine lumbar spine. It was observed that under flexion,
the intervertebral displacement on adjacent disc with
complete laminectomy was statistically larger than those of
integrity and partial laminectomies. This study implies than
an instrumented spine with integrity of posterior complex
is less likely to develop adjacent segment instability than a
spine with destruction of anchoring point for supraspinous
ligament. The importance of muscle forces in flexible and
rigid instrumented stabilization was studied on a cadaveric
lumbar spine to assess the functional impairment of the
lumbar spine after laminectomy. The co-activation of
agonist and antagonist muscle forces resulted in increased
stability under the load condition of bending and rotation.
It was observed that functional impairment following
laminectomy was corrected by ligamentoplasty and by
means of muscle forces. Hence, authors concluded that
ligamentoplasty appears as an alternative to decompression
with spondylodesis.3?

Similarly, the osteoplastic laminectomy and total facetectomy
was evaluated for biochemical instability on fresh frozen
human cadaver lumbar spine specimen. It was observed
that flexion—extension ROM increased significantly after total
facetectomy, but not after osteoplastic laminectomy. The
axial rotation increased remarkably after total facetectomy,
but only moderately after osteoplastic laminectomy. Thus,

it was concluded that osteoplastic laminectomy preserves
the spinous process as well as facet joints, which maintain
greater stability.3*

We have added a procedure to multilevel laminectomies
by keeping the midline raphe of supraspinous, interspinous
ligament and spinous process intact. This will act as an
anchoring point for paraspinal muscle and suggested a
term for this procedure as “spinaplasty”.

Spinous process plasty following laminectomy as an effect
on lumbar spine stability was evaluated by Verankonic et al.
in a series of patients. Forty-one patients were operated for
laminectomy, followed by spinous process plasty for spinal
stenosis and dorsomedial herniated disc and recurrent
disc herniation. The group where spinous process plasty
(n=41) was done was compared with the one without
spinous process plasty (n=11) for radiological instability
at minimum 2-year followup. Only 3.8%developed
(radiological) instability in comparison to 25% patients
without spinous process plasty. In this study, 2 level
decompression was done in 53.6% cases.?®

The difference in the technique of spinous process plasty
was that distal spinous process was divided into half and the
fixation of spinous process with wire to achieve bony healing
to median raphe. 2 wire breakage were reported, but we
relied on soft tissue healing and interspinous ligament was
cut below the distal level and then repaired.

The functional impairment following laminectomy was
corrected by ligamentoplasty and by mean of muscle
forces. Ligamentoplasty appears to be an alternative to
decompression with spondylodesis. To obviate the post-
fusion adjacent level degenerative changes in the spine
and perceived spinal instability as a result of extensive
laminectomy, nonfusion technologies are being explored
and analyzed.®%¢4! Graf artificial ligament stabilization
is one such technique. In our technique of spinaplasty,
the strongest ligament-osseous complex offers a natural
biological option. Niggemeyer et al., after a meta-analysis
of the literature, stated that the best results are obtained by
the least invasive surgical procedure.'® Ours is a simple and
safe procedure with satisfactory long term results although
the retrospective nature of the study is our limitation.

CoNcLUSION

Spinaplasty is a simple procedure without any serious
complications. Multilevel lumbar canal stenosis of any
variety (developmental, degenerative or combined variety),
with or without concomitant intraspinal pathology, can be
decompressed satisfactorily. The retained median structures
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maintain the tension band and the strength and possibly
the proprioceptive sensations of the lumbar spine, which
ensure least disturbance of kinematics, mobility, stability
and lordosis of the operated lumbar spine and concomitant
discectomy, root-canal deroofing and intertransverse fusion
can be done comfortably when indicated.
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