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ABSTRACT
Background and Aim: Degenerative lumbar spine disease can lead to lumbar spine instability. The
patients can present with Low Back Pain (LBP), radicular pain, and motor and sensory dysfunction.
Age >50, female sex and pregnancies are among prevalent risk factors. The degeneration process
usually starts from the intervertebral discs progressing to involve facet joints, ligaments, and
vertebral bodies leading to spinal instability and deformity. This study aims to evaluate the effect
of lumbar decompression and Posterolateral Fusion (PLF) on the short- and long-term outcomes
of these patients.
Methods and Materials/Patients: This prospective study assessed the effect of lumbar
decompression and PLF in patients with lumbar instability referred to the Neurosurgery Clinic of
Chamran hospital between March 2011 and March 2013. Forty-four patients with degenerative
lumbar spine instability and stenosis were eligible for participation to undergo lumbar
decompression and PLF. Its clinical effect was evaluated using Visual Analogue Scale (VAS) score
and Oswestry Disability Index (ODI). The change in sagittal and coronal planes was also assessed
according to pre- and post-operative findings at 2-year follow-up. The statistical method of
assessment was repeated using paired t-test. P<0.05 was considered statistically significant.
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Results: The mean preoperative VAS score decreased significantly at 2 years after the surgery
(6.87±1.07 vs. 2.20±1.15; P<0.001). The comparison between preoperative ODI and its 6-month,
1 and 2-year counterparts showed a significant improvement (P<0.001). Moreover, 82.7% of the
patients showed a good fusion rate. The sagittal and coronal angles were reduced significantly
after the surgery (P<0.05). Short vs. long segment fusion and inclusion of sacral body did not
significantly affect the VAS, ODI scores and the deformity angles.
Conclusion: Lumbar decompression and PLF is a safe and effective method for patients suffering
from degenerative lumbar instability.
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1. Introduction

umbar instability is defined as an abnormal response to applied loads and
is characterized by movement of spinal
segments beyond the normal [1, 2]. Due
to its weight-bearing properties, lumbar
spine is more susceptible to degenerative process in
advanced age. The degenerative process normally
starts from the intervertebral discs leading to pathologic changes in the ligaments, vertebral bodies and
posterior bulging of posterior disk surface, narrowing of the central spinal canal, osteophyte development and sliding of vertebral bodies [3–8].
The degeneration process leads to the sequential
phases of reversible dysfunction, instability characterized by a mild disk height reduction, ligament and
joint capsule laxity, and facet joint degeneration and
the stabilization phase with reduction in spine range
of motion [9]. The unstable phase warrants the use of
decompression laminectomy with spinal fusion. Although the majority of patients can be symptom free

[10], they may present with mechanical Low Back Pain
(LBP), signs of nerve root compression associated
by weakness, numbness and tingling, or with cauda
equine syndrome [11]. As in other degenerative disorders of the spine, potential risk factors include increasing age >50, female sex, number of pregnancies,
African–American ethnicity, generalized joint laxity,
and anatomical predisposition [12]. Posterior decompression with posterolateral fusion (PLF) is a widely
held approach to the surgical management of lumbar
instability [13, 14]. There were a number of studies
assessing the effects of posterior decompression and
PLF on different lumbar degenerative disease. However, there is still controversy regarding the clinical
outcome of those undergoing both decompression
and fusion and the use of instrumented fusion.
The Spine Patient Outcomes Research Trial (SPORT)
study showed that the patients with degenerative
spondylolisthesis who received standard posterior
decompressive laminectomy with or without bilateral
single-level fusion had better score in SF-36 analysis
of bodily pain and physical function in addition to Os-

Table 1. The inclusion and exclusion criteria for patients’ selection in this study

Patients Selection

Criteria

1. Age ≥50
2. Cobb angle ≤10°
Inclusion criteria

3. Spinal stenosis with the canal diameter of ≤10 mm
4. Patients needed surgical intervention (such as those with progressive neurologic deficits,
bladder dysfunction, etc.)
5. Mechanical LBP and neurogenic claudication not responsive to the conservative management for at least 6 months
1. Patients with mental disorders (such as dementia and psychiatric disorders)
2. Previous spine surgeries

Exclusion criteria

3. Patients with lumbar instability having congenital, traumatic or other etiologies
4. Patients who failed to have routine follow-up
5. Sagittal imbalance
6. Patients with infection at the site of surgery
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westry Disability Index (ODI) than those treated nonsurgically [15]. The results of a 10-year follow-up of
130 patients with degenerative lumbar spinal diseases treated with PLF, showed a satisfactory postoperative recovery in 66.9% of patients and the union rate
of 86.5% [16]. In a study by Chen et al. [17] on 49 patients with grade I to II degenerative spondylolisthesis, it was found that the group for whom internal fixation in decompression and PLF was used had better
outcomes with regard to their LBP, spine active function and neurologic function. In Liao et al. [18] study,
the ODI has improved significantly in patients with
degenerative lumbar diseases treated with posterior
decompression, instrumentation, and PLF. In a study
using spinal instrumentation without fusion for spinal
degenerative diseases, the results were indicative of
an improvement in the ODI score and a decrease in
LBP and leg pain [19]. The aim of this study was to
assess the clinical and radiological results of patients
with degenerative lumbar instability treated by posterior decompression, PLF and instrumentation.

2. Methods & Materials/Patients
Patients' evaluation
We studied 44 patients who had degenerative lumbar spine instability with lumbar spine stenosis referred to the Neurosurgery Clinic of Chamran Hospital, affiliated to Shiraz University of Medical Sciences
from March 2011 to March 2013. Table 1 shows the
inclusion and exclusion criteria. The Medical Research
Ethics Committee as well as Institutional Review Board
of Shiraz University of Medical Sciences approved the
study protocol before data collection began (approval
number: 91-01-01-4438). All patients gave informed
consent to participate in this research, and procedures conformed to the declaration of Helsinki.
Inclusion criteria
The inclusion criteria were 1) age ≥ 50, 2) Cobb angle
≤10°, 3) spinal stenosis with the canal diameter of ≤
10 mm, 4) patients who needed surgical intervention
(such as those with progressive neurologic deficits,
bladder dysfunction, etc.), 5) mechanical LBP and
neurogenic claudication not responsive to the conservative management for at least 6 months.
Exclusion criteria
The exclusion criteria were 1) having mental disorders (such as dementia and psychiatric disorders), 2)

previous spine surgeries, 3) lumbar instability having
congenital, traumatic or other etiologies, 4) not having routine follow-up, 5) sagittal imbalance, and 6)
having infection at the site of surgery.
Demographic evaluation
The patients' pre-operative ODI, radicular pain related VAS score, the 2-year fusion rate and their demographic characteristics including sex, age, body mass
index (BMI), occupation, coexisting disease (Diabetes
Mellitus (DM)), hypertension (HTN)), and history of
trauma and medications were measured. Patients' systemic conditions such as cardiovascular disease, type
2 DM, and osteoporosis in addition to their age were
considered to decide on how we could approach.
Radiological evaluation
For all cases, the diagnosis and degree of instability
were made based on the magnetic resonance imaging (MRI), computed tomography (CT) scan and static
or dynamic radiographs (flexion-extension) combined
with the preoperative neurological assessment. Moreover, the patients’ imaging findings in X-ray (anteriorposterior, lateral, oblique, flexion-extension), MRI and
CT-scan were also recorded.
Outcome measurements
Patients were followed at 1, 3, 6 months, and 1 and 2
years after surgery. At each follow-up visit, a complete
neurological examination was performed. The degree
of sagittal and coronal angle correction was also measured [20–23]. The patients’ LBP was assessed using
Occupational Low Back Pain (OLBP) scale at each follow-up. Follow-up X-ray was taken if indicated based
on the neurological examination. The OLBP questionnaire composed of 10 sections including pain intensity, personal care, lifting, walking, sitting, standing,
sleeping, sex life, social life, and traveling; each having
6 questions with the total score of 60. The total ODI
score was the percent of patient’s OLBP score of the
total score in which 0-20% suggests mild pain, 20-40%
moderate pain, 40-60% severe pain, 60-80% crippled
and 80-100% bed bound [24]. The reliability and validity of the OLBP scale questionnaire were previously
evaluated in Persian language [25].
The patient’s perceived degree of pain was evaluated using VAS scale which is a continuous 10-centimeter long scale commonly anchored by two denominators “no pain” (score of 0) and “worst imaginable
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Figure 1. Sagittal plane deformity; pre-operation (Left) and post-operation (right)

pain” (score 10) [26]. The patient was asked to place
a mark on the line where it represented their pain intensity. Furthermore, the possible complications of
surgery including nerve root injury, dural tears, and
superficial infection have also been evaluated at each
follow-up visit. Fusion ≤ 3 levels was regarded as short
segment fusion and fusion ≥ 4 levels was regarded
as long segment fusion. Fusion rate was qualitatively
measured by X-ray and CT scans after 2 years. Fusion
was classified as bony fusion (good fusion), segmental
bony fusion (fair fusion), and lack of bony fusion or

subluxation in dynamic post-operative radiographies
(bad fusion). Successful fusion was defined as the integrated fusion at the fusion bed without motion in a
dynamic graph [27-29].
Surgical procedure
All the patients underwent partial decompressive
laminectomy, PLF and spinal fixation with pedicular
screws and rods (Implants International Ltd., Teesside
industrial estate, Thornby, United Kingdom) [30, 31].

Figure 2. Coronal plane deformity; pre-operation (Left) and post-operation (right)
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Table 2. Demographic variables

Variables

Number (%)
Male

9(20.4)

Female

35(79.5)

Housekeeper

34(77.2)

Businessman

7(15.9)

Government employee

3(6.8)

Mild

0

Sex

Occupation

ODI (Preoperation)

ODI (3 months after surgery)

ODI (6 months after surgery)

ODI (1 year after surgery)

ODI (2 years after surgery)

PLF was done using bone graft and bone substitute.
An anterior-posterior and lateral X-ray were taken at
the end of the operation. All the patients were operated by the same surgeon.
Statistical analysis
All analyses were undertaken using the Statistical
Package for the Social Sciences version 15.0 (SPSS,
Chicago, IL, USA). The statistical method of assessment was repeated measurement and paired t-test. A
level of P<0.05 was considered statistically significant.

Moderate

4(9)

Severe

12(27.2)

Crippled

28(63.6)

Bed bound

0

Mild

0

Moderate

18(40)

Severe

22(50)

Crippled

6(13.6)

Bed bound

0

Mild

9(20.4)

Moderate

25(56.8)

Severe

8(18.1)

Crippled

4(9)

Bed bound

0

Mild

18(40.9)

Moderate

20(45.4)

Severe

5(11.3)

Crippled

1(2.2)

Bed bound

0

Mild

30(68.1)

Moderate

12(27.2)

Severe

2(4.5)

Crippled

0

Bed bound

0

3. Results
Forty-four patients (mean age 55.76±8.82) 9 male and
35 females have met the inclusion criteria. Of 44 patients admitted, LBP (97.6%) and radicular pain (93.1%)
were the most prevalent chief complaint. The radicular
pain was mostly bilateral (68.1%) and L4 (90%) and L5
(96.6%) were the most common involved nerve roots.
Neurologic deficit was seen in 40.9 %. Table 2 shows
the demographic characteristics of the patients. Their
respective BMI was 26.90±3.46. Their correlation with
the ODI at 3 and 6 month was not significant. Degenerative findings in imaging have been listed in Table 3. The
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Table 3. Degenerative parameters in imaging studies (X-ray, CT-scan, MRI)

Variables

Number (%)

Osteophyte formation

36(81.8)

Sacralization and lumbarization

1(2.2)

Disc degeneration

40(90.9)

Disc herniation

25(56.8)
L1-2

0

L2-3

0

L3-4

2(4.5)

L4-5

11(25)

L5-S1

5(11.3)

Multiple nerve roots

23(52.2)

L1-2

0

Neural foramina narrowing

L2-3

0

L3-4

1(2.2)

L4-5

6(13.6)

L5-S1

3(6.8)

Multiple levels

24(54.5)

Canal stenosis

Disc height reduction

41(93.1)
L1-2

0

L2-3

2(4.5)

L3-4

9(2.0)

L4-5

17(38.6)

L5-S1

0

Multiple levels

21(47.7)

Facet hypertrophy

Pars fracture

12(27.2)

convexity of curve was to right in 21 (47.7%) and to the
left side in 23 patients (52.2%).
The Comparison between mean preoperative
ODI (61.06±12.28%) and its 3- (43.36±13.01%) and

6-months (34.45±15.68%), 1-year (26.88±12.95) and
2-year (18.31±8.94) follow-ups showed a significant improvement (P<0.001). The mean preoperative VAS score
and the VAS score at 6-month, 1-year and 2-year postoperation were 6.87±1.07, 4.02±1.49, 3.27±1.21 and

Table 4. Changes in lumbar plane angle

Sagittal Plane Angle
Preoperative

7.11±2.47

Postoperative

5.17±2.06

At 2 years

4.23±2.14

Coronal Plane Angle

84

Preoperative

5.70±2.55

Postoperative

2.56±1.77

At 2 years

2.14±1.81
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Table 5. Frequency of the patients with good, fair and bad fusion after 2 years

Fair+Bad

Good

27.3%

72.7%

2.20±1.15, respectively. The comparison between the
preoperative VAS score and its value at 6-month, 1-year
and 2-year follow-ups showed a statistically significant
reduction (P<0.001). Moreover, comparison of ODI and
VAS scores in patients discovered to have good fusion
with those having bad or fair fusion outcome showed a
better ODI (15.73±7.94 vs. 21.24±4.67, P<0.05) and VAS
score (1.03±1.12 vs. 2.05±1.06, P<0.05) in the former
group at 2 years.
One patient (2.2%) had pure sagittal deformity (L45) while 27 (61.3%) patients had only coronal plane
deformity. There were 16 (36.3%) patients who had
both coronal and sagittal plane deformity. Among
those with sagittal plane deformity (Figure 1), 1 patient (100%) had both long segment fixation and
sacral vertebra included. In patients with coronal
plane deformity (Figure 2), 14 (51.8%) have undergone short, and 17 (48.1%) long segment fixation.
Twenty patients (74%) had sacral vertebra included.
In 16 patients having instability in coronal and sagittal
plane, short segment and long segment fusion were
orderly done in 13(81.2%) and 3(18.7%) patients. 6
patients (37.5%) had sacrum fused. By defining short
segment fusion as inclusion of one vertebra above
and one vertebra below the involved vertebra, there
was no difference between the long term outcomes
of patients having undergone long segment vs. short
segment fusion according to VAS and ODI scores at 2
years (P=0.58 and P=0.61). There was also no significant difference in the correction of lumbar deformity
in both sagittal and coronal planes according to short
vs. long segment fusion (P=0.28 and P=0.34). The
clinical outcome was also the same comparing those
having their sacral vertebra included and those who
have not (P=0.48 and P=0.55).
Regarding the fusion of sacral bone, no effect was
seen on deformity correction in both sagittal and coronal planes at 2-year follow-up (P=0.35 and P=0.67). The
comparison between pre, post-operative and 2-year
sagittal and coronal plane angle correction revealed
a significant decrease in the angle (P<0.05) (Table 4).
Table 5 shows the frequency of the patients with good,
fair and bad fusion after 2-year post-operation.

4. Discussion
In this study, we demonstrated that instrumented PLF
with laminectomy improved clinical outcomes and lumbar deformity. 1) The ODI and VAS scores after operation decreased significantly compared with pre-operative ODI. 2) A significant reduction was seen in lumbar
the deformity angle after operation. 3) Short or long
segment fixation and inclusion of sacral vertebra did not
affect the radiological and clinical outcome.
Due to the increased risk of progression of spondylolisthesis after decompression, spinal fusion is recommended
as an adjunct to the laminectomy to reduce the risk of the
spondylolisthesis progression after decompression [22]. In
a study by Herkowitz et al. in 1991. [32] on patients with
degenerative spondylolisthesis and spinal canal stenosis,
they have found that PLF and laminectomy had better effects on the relief of patients’ LBP (1.3 point) and radicular
pain (1 point) after a mean follow-up of 3 years compared
with laminectomy alone. Furthermore, patients with degenerative spondylolisthesis and spinal canal stenosis
showed good to excellent 2-year clinical outcome (76%)
after uninstrumented PLF in Fischgrund et al. in 1997 [33]
study. This suggests that spinal fusion is a key factor in patients’ short term prognosis. Moreover, the application of
decompression alone without fusion may increase the angle of deformity, and segmental instability causing worsening of patients’ symptoms. Although decompression is the
only required technique in the management of patients
with canal stenosis, the existence of lumbar instability in
our patients necessitates the use of fusion in order to increase the chance of lumbar plane alignment.
In the long term, instrumented fusion yield satisfactory
results with regard to better fusion rate [34]. Furthermore, comparing different instrumentation methods,
rigid pedicle screw/rod fixation led to a significantly
higher percentage of fusions in degenerative lumbar disease than did fusion without instrumentation or fusion
with semi-rigid plate/screw fixation in patients with degenerative spondylolisthesis. Ghogawala, et al. in 2004
[35] have also found that instrumented PLF in patients
with lumbar stenosis and degenerative Grade I spondylolisthesis can improve one year ODI score (27.5 points
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vs.13.6 points) when compared with decompression.
Madan et al. in 2002 [36] found that the ODI score had
dropped to less than 30% after 2 years in 54 of their 74
patients who underwent PLF for spondylolytic spondylolisthesis. Glassman et al. in 2008 [37] found that the preoperative mean ODI score of 55.9 in 119 patients who
underwent PLF has improved 23.1 points after 1 year.
After 2 years, this had an improvement of 25.1 points.
Fusion status is a critical factor influencing the longterm operative results. In a study by Tsutsumimoto et
al. [24] following 42 patients who underwent PLF for
degenerative lumbar spondylolisthesis, 31 patients
(73.8%) had demonstrated union defined as less than
2oof angular motion and no translation between the
vertebrae at the level of PLF on lateral flexion-extension
radiographs causing bilateral continuity in the fusion
mass. In another study assessing the effects of instrumented PLF on patients with different lumbar spine degenerative disorders, PLF caused 89.6% fusion rate [38].
In this study, it has been demonstrated that PLF would
result in 72.7% good fusion rate. The difference in results could be due to the definition of fusion and the
degree of degenerative spinal disorders.

86

consultation was done for her leading to surgical intervention due to uterine prolapse. At 2 years, loosening
of screws developed in three patients in the long fusion group. Our total complication rate (15.9%) was not
more than what has been previously reported. Of 105
patients, Jutte and Castelein in 2002 [40] found 54%
with complications of different degrees of severity, of
which 4.7% had deep infections. Of 132 patients with
PLF with instrumentation, Wenger et al. in 2005 [41]
found infections in 2.3% of the patients. The numbers
of patients in this study were limited. So, more studies
can be done to evaluate the effectiveness and safety of
this technique in large scale.
The relatively small sample size was the study limitation. This study sheds new light on the subject and suggests that more detailed prospective future studies with
larger samples and longer follow up period should be
designed to further investigate the clinical and radiological results of patients with degenerative lumbar
instability treated by posterior decompression, PLF and
instrumentation. In addition, this study lacks a control
group due to the treatment used for the patients which
limits the strength of the study’s conclusions.

There is a controversy regarding the application of short
and long segment fixation in patients with degenerative
lumbar disorders. In a study comparing the effect of short
segment vs. long segment fusion in degenerative coronal
plane deformity, it has been shown that long segment fusion corrected the coronal imbalance (72% vs.39%) and
lateral instability more than short segment fusion. However, there was no difference in their ODI score. Some
researchers suggest that short segment fusion should
be used for patients with lesser Cobb angle or minimal
lateral listhesis. Moreover, there is a chance of adjacent
segment disease in groups with short segment fixation
[39]. In our study, although short segment fixation was
the dominant method, there was no difference in clinical and radiological outcome of patients when compared
with those undergoing long segment fusions. This may
be attributed to the difference in the patients’ symptoms
and the involved spinal segments causing the preferred
use of short or long segment fusion.

Limitations

There were a few intra and post-operative complications. The intra-operative complications were three
unintended duratomy which were managed surgically.
Surgical site infection (1 case), persisting foot paresthesia in 2 known cases of DM and mild ankle weakness
in dorsiflexion were the post-operative complications.
There was only one case whose preexisting urinary
urgency did not respond to surgery. The gynecologic

To sum up, our study has shown that PLF with spinal fixation is a promising method in treating the patients suffering from degenerative lumbar instability.
This can pave the path for future studies with larger
sample size comparing the management of degenerative lumbar instability with different surgical methods
such as PLF vs. PLIF, TLIF, XLIF, or ALIF. Moreover, the

The relatively small sample size was the study limitation. This study sheds new light on the subject and suggests that more detailed prospective future studies with
larger samples and longer follow-up period should be
designed to further investigate the clinical and radiological results of patients with degenerative lumbar
instability treated by posterior decompression, PLF and
instrumentation and to compare the results of PLF technique with other interbody fusion techniques such as
posterior lumbar interbody fusion (PLIF), transforaminal
lumbar interbody fusion (TLIF), lateral lumbar interbody
fusion (XLIF), and anterior lumbar interbody fusion
(ALIF). In addition, this study lacks a control group due
to the treatment used for the patients which limits the
strength of the study's conclusions.

5. Conclusion
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difference between the length of fusion on the patient’s outcome can be assessed in another study.
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