
Background: Degenerative lumbar spine disease can lead to lumbar spine instability. Lumbar spine instability 
is defined as an abnormal response to applied loads characterized kinematically by abnormal movement in the 
motion segment beyond normal constraints. Patients with lumbar spinal stenosis (LSS) typically present with 
low back pain (LBP), cramping, cauda equine syndrome, and signs of nerve root compression associated by 
weakness, numbness and tingling in their legs that are worsened with standing and walking. This degenerative 
condition severely restricts function, walking ability, and quality of life (QOL).

Objectives: This study aims to compare clinical and radiological outcomes of posterolateral fusion (PLF) 
with posterior lumbar interbody fusion (PLIF) with posterior instrumentation in the treatment of LSS and 
degenerative instability.

Study Design: A randomized, prospective, controlled clinical study.

Methods: In this prospective study, 88 patients with LSS and degenerative instability were randomly allocated 
to one of 2 groups: PLF (Group I) or PLIF (Group II). Primary outcomes were the control of LBP and radicular 
pain, evaluated with visual analog scale (VAS), the improvement of QOL assessed by the Oswestry disability 
index (ODI) scale, and measurement of fusion rate, Cobb angle, spinal sagittal balance, and modic changes 
in the 2 groups. 

Results: At 24 months postoperatively, the mean reduction in VAS scores in Group I was more than in Group 
II (5.67 vs. 5.48, respectively) and the patients in Group I had more improvement in the ODI score than the 
patients in Group II (42.75 vs. 40.94, respectively). There was a statistically significant difference between the 
preoperative and postoperative sagittal balance in the 2 groups. The mean Cobb angle changed significantly 
in the 2 groups. 

Limitations: There are few prospective studies of PLIF or PLF in patients with LSS and degenerative lumbar 
spine instability, and a limited number of studies which exists have examined the safety and outcome of each 
procedure without comparing it with other fusion techniques. Because most of the studies in the literature 
have been conducted in the patients with IS, we could not compare and contrast our findings with studies 
in patients with LSS and degenerative lumbar spine instability. In addition, although in our study the findings 
at a 24-month follow-up period showed that PLF was better than PLIF in these patients, there were some 
studies in which the authors reported that PLIF showed better clinical results than PLF at a 48-month follow-
up period. So we suggest that rigorous controlled trials at longer follow-up periods should be undertaken in 
groups of patients with LSS and degenerative lumbar spine instability who undergo posterior decompression 
and instrumented fusion to help to determine the ultimate best fusion technique for these patients.

Conclusion: PLF with posterior instrumentation provides better clinical outcomes and improvement in the 
LBP, radicular pain, and functional QOL, more correction of the Cobb angle, more restoration of sagittal 
alignment, more decrease in Modic type 1, and more increase in Modic type 0, despite the low fusion rate 
compared to PLIF. 
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fusion, low back pain, quality of life, cobb angle, fusion rate, mobic changes, sagittal balance
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increased from 13.5% to 21.4% in the span of 5 years. 
There are several different options for the treatment 
of a lumbar degenerative disease or lumbar instability 
among which posterior decompression with postero-
lateral fusion (PLF) and posterior decompression with 
posterior lumbar interbody fusion (PLIF) are of widely 
accepted approaches by most spine surgeons (10,13-
16). Each of these techniques has different clinical 
outcomes, functional improvements, and neurological 
complications. Some studies have compared the use 
of PLF and PLIF for the treatment of spondylolisthesis 
(14,15). However, inconsistent outcomes of studies have 
made it difficult to reach consensus on the most useful 
fusion method which is an optimal surgical approach 
for the treatment of LSS and degenerative instability. 
This randomized prospective study aims to compare the 
clinical and radiological outcomes of PLF and PLIF in the 
adult patients with LSS and degenerative instability. To 
our knowledge, this is the first study in the literature 
which has compared these 2 surgical approaches after 
lumbar decompression surgery for LSS and degenera-
tive lumbar spine instability in the adult population.

Methods

Study Design and Population
We performed a randomized prospective con-

trolled clinical study, in which 88 patients out of a 
total of 100 patients, 22 men and 66 women aged 
50–85 years with LSS and degenerative instability were 
eligible to participate, and were enrolled from October 
2009 to March 2011 to undergo posterior decompres-
sion and instrumented fusion by a surgical team in 
Chamran Hospital, affiliated to Shiraz University of 
Medical Sciences. A 2-year follow-up was planned from 
March 2011 to March 2013. A general practitioner 
not only assessed 100 patients for eligibility, but also 
evaluated baseline characteristics of eligible patients 
before randomization. Eligible patients were randomly 
assigned to two groups by opening sealed envelopes. 
The envelopes were prepared beforehand and sorted 
randomly by using random allocation software (com-
puterized random number generators). Randomization 
was performed by a neurosurgery resident attending 
the Shahid Motahari Outpatient Clinic, affiliated to 
Shiraz University of Medical Sciences, after inclusion of 
the patients into the study by the surgeon. The patient 
drew one of the 2 envelopes indicating surgical treat-
ment with either PLF or PLIF. Forty-four patients were 
operated on with PLF with posterior instrumentation 

Lumbar spine instability is defined as an abnormal 
response to applied loads characterized 
kinematically by abnormal movement in the 

motion segment beyond normal constraints (1). This 
abnormal response is due to damage to restraints that 
hold the spine in stable position (1). Upright posture and 
upright weight bearing in humans cause excess stresses 
that are maximal at and suprajacent to the lumbosacral 
junction. Due to the weight-bearing properties of the 
lumbar spine, it 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 disc surface, 
narrowing of the central spinal canal, osteophyte 
development and sliding of vertebral bodies (2). The 
degeneration process leads to the sequential phases 
of reversible dysfunction, instability characterized by a 
mild disc height reduction, ligament and joint capsule 
laxity, and facet joint degeneration and the stabilization 
phase with reduction in spine range of motion (3). 
Patients with lumbar spinal stenosis (LSS) typically 
present with low back pain (LBP), cramping, cauda 
equine syndrome, and signs of nerve root compression 
associated by weakness, numbness and tingling in their 
legs that are worsened with standing and walking (4). 
This degenerative condition severely restricts function, 
walking ability, and quality of life (QOL).

When patients become refractory to conservative 
management, surgical treatment is commonly consid-
ered (5). Neurogenic claudication is a clinical syndrome 
due to LSS, or inflammation of the nerves emanating 
from the spinal cord (6). Improvement in radiating 
pain, neurogenic claudication, functional status, and 
QOL are common goals of surgical treatment for LSS 
(7). As the use of surgery to treat LSS has increased 
during the past decades, so has the complexity of the 
surgical procedures (8). Co-morbidities and higher 
complication rates of LSS in the elderly patients make it 
difficult for surgeons to select an appropriate surgical 
approach for LSS (9). Laminectomies alone are the most 
common surgical treatment for stenosis. Decompres-
sion of the neural structures by means of laminectomy 
has increasingly been supplemented with lumbar fu-
sion (7), with the intention of minimizing a potential 
risk of future instability and deformity (10,11). Bae et 
al (12) conducted a nationwide study on the trends in 
the surgical management of LSS, and found that the 
percentage of patients with degenerative lumbar ste-
nosis without spondylolisthesis who underwent fusion 
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(Group I) and 44 were operated on with PLIF with poste-
rior instrumentation (Group II). The surgeon was aware 
of the procedure and all patients were followed by 2 
radiologists who were unaware of the study. A rater, 
who was likewise unaware of the study, verified the 
results. The radiologists and the rater were not involved 
in the care of the patients. The Medical Research Ethics 
Committee as well as Institutional Review Board of Shi-
raz University of Medical Sciences approved the study 
protocol before data collection began (approval num-
ber: 91-01-01-4438), and written informed consent was 
obtained from all the patients before the operation. 
The groups were comparable in the level of preopera-
tive pain and disability. We recorded the demographic 
information, clinical examination and surgical inter-
vention in all the patients (Table 1). Body mass index 
(BMI) in the patients were classified as normal weight 
(18.5–24.99), overweight (25–29.99), and obese (≥ 30). 
LSS was diagnosed according to symptoms and signs of 
the disease including LBP, leg pain, numbness, and mo-
tor weakness, which alleviated with the flexed position 
and exacerbated in extended position. The diagnosis 
was confirmed in all the patients with preoperative 
magnetic resonance imaging (MRI).

Patients and Evaluation
During the period from October 2009 to March 

2011, 100 patients were selected for participation, and 
88 patients with LSS and degenerative lumbar spine in-
stability, 22 men (25%) and 66 women (75%), were ran-
domized. We excluded 12 patients in accordance with 
the exclusion criteria. Of the 88 remaining patients, 44 
were assigned to undergo PLF with posterior instrumen-
tation and 44 to be operated on with PLIF with posterior 
instrumentation. The population consisted of 10 men 
and 34 women in Group I, and 12 men and 32 women 
in Group II. Mean ages for Groups I and II were 57.76 
± 8.82 year and 58.35 ± 9.03 year, respectively. Mean 
weight was 75.26 ± 9.35 kg in Group I and 76.12 ± 9.91 
kg in Group II. Neurogenic claudication was one of the 
symptoms related to this disease in our patients.

Inclusion Criteria  
The inclusion criteria were: (1) patients older than 

50 years; (2) patients with degenerative lumbar steno-
sis, defined by a Cobb angle less than 10° on the pos-
teroanterior full-length stand film before surgery and 
a spinal canal diameter of less than 10 mm; (3) central 
spinal canal or lateral recess stenosis confirmed by MRI; 
(4) patients who need surgical intervention such as 

those with progressive neurologic deficits and bladder 
dysfunction; (5) no history of previous spinal surgery; 
(6) symptomatology at least for 6 months; (7) neuro-
imaging signs of degenerative stenosis; and (8) those 
who had mechanical LBP and symptoms of neurogenic 
claudication refractory to conservative management, 
including rest, pain medicine and physical therapy, for 
at least 6 months. 

Exclusion Criteria
The exclusion criteria were: (1) patients with 

mental disorders such as dementia and psychiatric 
disorders; (2) history of spine surgery or infection; (3) 
lumbar spine trauma, (4) spinal tumors, (5) scoliosis, (6) 
Isthmic spondylolysis with or without spondylolisthesis, 
(7) severe osteoarthritis in the lower limbs, (8) patients 
with lumbar instability with congenital, traumatic or 
other etiologies; (9) patients with sagittal imbalance; 
(10) previous history of severe allergy to tranexamic 
acid (TXA) during surgery; and (11) missed follow-up 
visit.

Radiological Evaluation
The patients’ complete neurological examinations 

were performed and their personal data, including 
age, gender, height, weight, symptoms, BMI, coexisting 
disease such as diabetes mellitus (DM), hypertension 
(HTN), physical examination and history, and radio-
logical findings were gathered. Preoperative standing 
radiological evaluation included static and bending 
lumbar spine plain x-rays from T10 to S1 and the hip 
joints. Computerized tomography (CT) scans and MRI 
scans of the thoracolumbosacral area without gado-
linium injection were used to evaluate the features of 
degenerative changes such as osteophyte formation, 
canal, and foraminal stenosis, modic changes, facet 
joint hypertrophy, degenerative changes in the inter-
vertebral discs of the lumbar spine and their sequelae, 
and the Cobb angle. 

Preoperatively and at 3, 6, 12, and 24 months after 
the surgery, all patients were classified into 4 groups 
according to vertebral endplate changes as follows: 
modic type 0 (without modic changes), modic type 1, 
modic type 2, and modic type 3 (17). Dual energy x-ray 
absorptiometry (DEXA) scan was used to diagnose os-
teoporosis. The Cobb angle, that is the angle between 
the 2 most tilted vertebrae within a scoliotic curve, was 
used to measure the degree of scoliosis in each patient 
(18). The sagittal balance and spinopelvic parameters, 
including pelvic incidence, pelvic tilt, lumbar lordosis, 
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Table 1. Patients' demographic values and distribution of  preoperative clinical manifestations in Groups I and II.

Parameters Group I (n = 44) Group II (n = 44) P-value

Gender NS

   Men (%) 10 (22.7%) 12 (27.3%)

   Women (%) 34 (77.3%) 32 (72.7%)

Age (years)  57.76 ± 8.82  58.35 ± 9.03 NS

Weight (kg) 75.26 ± 9.35 76.12 ± 9.91 NS

BMI (kg/m2) 28.8 ± 4.2 29.3 ± 4.4 NS

   Normal weight (18.5–24.99) 8 (18.2%) 7 (16%)

   Overweight (25–29.99) 34 (77.3%) 35 (79.5%)

   Obese (≥30) 2 (4.5%) 2 (4.5%)

BMD NS

   Normal 17 (38.6%) 17 (38.6%)

   Osteopenia 10 (22.8%) 12 (27.3%)

   Osteoporotic 17 (38.6%) 15 (34.1%)

No. of operated stenosis levels 2–7 2–7 NS

Neurologic Deficit 6 (13.6%) 8 (18.1%) NS

Symptoms NS

   Neurologic claudication 41 (93.2%) 43 (97.7%)

   LBP (VAS) 25 (56.8%) 28 (63.6%)

   Radicular Pain 8 (18.2%) 12 (27.3%)

Signs NS

   Paresthesia 33 (75%) 35 (79.5%)

   Weakness 7 (16%) 7 (16%)

   No sign 4 (9%) 2 (4.5%)

DTR NS

   Normal 41 (93.2%) 40 (90.9%)

   Hyporeflexia 2 (4.5%) 3 (6.8%)

   Hyperreflexia 1 (2.3%) 1 (2.3%)

Osteophyte formation NS

   T12 1 (2.3%) 1 (2.3%)

   L1 5 (11.4%) 6 (13.6%)

   L2 24 (54.5%) 21 (47.7%)

   L3 32 (72.7%) 32 (72.7%)

   L4 33 (75%) 30 (68.2%)

   L5 14 (31.8%) 17 (38.6%)

   S1 2 (4.5%) 2 (4.5%)

Canal stenosis NS

   L2-L3 39 (88.6%) 40 (90.9%)

   L3-L4 44 (100%) 44 (100%)

   L4-L5 40 (90.9%) 42 (95.5%)

   L5-S1 2 (4.5%) 5 (11.4%)

Foraminal stenosis NS

   L2-L3 9 (20.5%) 8 (18.2%)

   L3-L4 27 (61.4%) 27 (61.4%)

   L4-L5 36 (81.8%) 39 (88.6%)

   L5-S1 4 (9.1%) 7 (15.9%)
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Table 1 (cont.). Patients' demographic values and distribution of  preoperative clinical manifestations in Groups I and II.

Parameters Group I (n = 44) Group II (n = 44) P-value

Facet joint hypertrophy NS

   L1-L2 3 (6.8%) 3 (6.8%)

   L2-L3 14 (31.8%) 10 (22.7%)

   L3-L4 32 (72.7%) 34 (77.3%)

   L4-L5 37 (84.1%) 37 (84.1%)

   L5-S1 4 (9.1%) 5 (11.4%)

Disc degeneration NS

   L2-L3 15 (34.1%) 17 (38.6%)

   L3-L4 26 (59.1%) 28 (63.6%)

   L4-L5 31 (70.5%) 34 (77.3%)

   L5-S1 19 (43.2%) 19 (43.2%)

Lumbar curve NS

   Convex to the right side 37 (84.1%) 34 (77.3%)

   Convex to the left side 7 (15.9%) 10 (22.7%)

Apical vertebra of scoliotic curve NS

   L2 15 (34.1%) 11 (25%)

   L3 24 (54.5%) 27 (61.4%)

   L4 8 (18.2%) 6 (13.6%)

Osteoporosis (Using DEXA) 16 (36.4%) 13 (29.5%) NS

Sacralization 1 (2.3%) 1 (2.3%) NS

Lumbarization 2 (4.5%) 3 (6.8%) NS

Spondylolisthesis 20 (45.5%) 21 (47.7%) NS

   L5-S1 2 (4.5%) 2 (4.5%)

   L3-L4 9 (20.5%) 7 (15.9%)

   L4-L5 9 (20.5%) 12 (27.3%)

Instrumented fusion NS

   T12 8 (18.2%) 8 (18.2%)

   L1 16 (36.4%) 17 (38.6%)

   L2 30 (68.2%) 32 (72.7%)

   L3 44 (100%) 44 (100%)

   L4 43 (97.7%) 42 (95.5%)

   L5 39 (88.6%) 38 (86.4%)

   S1 17 (38.6%) 17 (38.6%)

NS indicates not significant; BMI, bone mass index; BMD, bone mineral density; LBP, low back pain; VAS, visual analog scale; DTR, deep tendon 
reflex; Values are expressed as frequency and percent unless stated as mean ± SD.

and sacral slope, were measured carefully before and 
3 months after the surgery at the Shahid Motahari 
Outpatient Clinic, affiliated to Shiraz University of 
Medical Sciences (Fig. 1). We drew the sagittal plumb 
line and measured the distance between this line and 
posterior superior corner of S1 vertebra. According to 
Jackson and McManus (19), if the vertical plumb line 
lied anterior to posterior superior corner of S1, sagit-
tal vertical axis (SVA) was identified as positive number 

and if it lied posterior to the corner, it was identified as 
negative number. In other words, the plumb line that 
passed anterior to the S1 was considered as positive 
sagittal balance (> +4) and a line that passed posterior 
to it was considered as negative sagittal balance (< -4). 
Pelvic incidence was defined as the angle between the 
line perpendicular to the sacral plate at the midpoint 
and the line connecting this point to the femoral heads 
axis. The pelvic incidence is the main parameter which 
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is fixed and does not change with posture or positioning and 
is based on the morphology of the pelvic. Pelvic tilt was de-
fined as the angle between the vertical and the line through 
the midpoint of the sacral plate to femoral heads axis. Sacral 
slope was defined as the angle between the horizontal plane 
and the sacral plate. Lumbar lordosis was measured accord-

Fig. 1. Measurement of  SVA and spinopelvic parameters.

ing to Cobb’s method (20) from the superior 
border of L1 to the superior border of S1 and was 
presented as the angle. All radiographs of the 
patients were reviewed by an independent ra-
diologist. Studies of different populations in the 
literature have reported that the normal range 
of the pelvic incidence is between 40 to 65°, the 
normal range of sacral slope is between 30 to 50°, 
the normal range of pelvic tilt is between 5 to 
30°, and the normal range of lumbar lordosis is 
between 31 and 70 (21).

Operative Technique
On the day of the operation, cefazolin 1 g 

and gentamicin 80 mg were administered by in-
travenous infusion within 1 hour prior to incision. 
General anesthesia was induced in all patients 
with thiopental (5-7 mg/kg) and fentanyl (1-1.5 
microgm/kg). A prophylactic low dose of TXA 10 
mg/kg (Caspian Tamin Pharmaceutical Co., Rasht, 
Iran) was administered to all of the patients at 
the initiation of induction of anesthesia over 10 
minutes followed by a maintenance dose of 1 
mg/kg/h by a syringe infusion pump to reduce 
blood transfusion requirements during surgery 
(22). Atracurium (0.6 mg/kg) was administrated 
to facilitate endotracheal intubation. Anesthesia 
was maintained with a propofol infusion 100–200 
mg/kg/min and 70% nitrous oxide in oxygen and 
intermittent vecuronium when indicated. X-ray lo-
calization was used to plan the skin incision, which 
was infiltrated with 10 mL of 1% Lidocaine. All 
surgeries were performed by one spine surgeon. 
The patients were carefully placed prone, a skin 
incision was made in the midline and paraverte-
bral muscle dissection was performed. Spinous 
processes, laminae, the bilateral facets, and trans-
verse processes were exposed. Posterior decom-
pression, consisting of the removal of the spinous 
process, bilateral laminectomy, partial bilateral 
facetectomy, and foraminotomy, was performed 
for the levels with canal and foraminal stenosis. 
Fluoroscopically-guided transpedicular fixation 
was performed at the involved level and its caudal 
vertebra as a standard technique. After perform-
ing neural decompression, the osseous surfaces of 
the transverse processes and facets were decorti-
cated using a high-speed drill to expose cancellous 
bone and facet joints and also to make appropri-
ate bed for applying bone graft to achieve good 
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fusion (10,20,23). Possible complications of surgery such 
as nerve root injury, dural tears, and superficial infection 
were evaluated at each follow-up visit.

Instrumented Fusion
The instrumented fusion consisted of the placement 

of pedicle screw instrumentation at the decompressed 
level or levels followed by the placement of a connecting 
rod (10,20,23). The fusion was extended to the sacrum if 
there were significant degenerative change or instability 
at L5-S1 level. Fusion ≤ 3 levels was regarded as short seg-
ment fusion and fusion ≥ 4 levels was regarded as long 
segment fusion. Implants International Ltd. (Teesside in-
dustrial estate, Thornby, United Kingdom) was used for 
posterior pedicular fixation. We used autologous bone 
graft from the excised loose lamina and spinous process 
mixed with synthetic bone substitute granules (Medical 
Biomat Inc., Warsaw, Indiana) to achieve intertransverse 
fusion. C-arm fluoroscopy was used to evaluate the ac-
curacy of pedicle screw fixation. Fusion rate was qualita-
tively measured by x-ray and CT scans after 3, 6, 12, and 
24 months. Fusion was classified as bony fusion (good 
fusion), segmental bony fusion (fair fusion), and lack of 
bony fusion or subluxation in dynamic post-operative ra-
diographies (bad fusion) (10,20,23). Successful fusion was 
defined as the integrated bony fusion at the fusion bed 
without motion in a dynamic graph (10,20,23). Negative 
pressure drainage was placed before the surgical incision 
was closed.

Blood Loss Measurement
Intraoperative blood loss was measured by weigh-

ing lap sponges and surgical gauzes from the opera-
tive field with a digital scale, suction drainage, and an 
estimate of loss on the surgical drapes and gowns. 
Postoperative blood loss was the amount of blood re-
covered in the surgical drains if intraoperative drains 
were placed. As x-ray detectable gauzes are at differ-
ent weights (4 or 6 g), the eye measurement of the 
amount of blood in each gauze is imprecise, and blood 
density is 1.006 g/cm3; furthermore, during the surgery, 
we maintained all bloody x-ray detectable gauzes in a 
device called Beex container to prevent evaporation of 
the fluids from the gauze. Then, each piece of gauze 
was weighed and the total blood loss was determined 
based on milliliters.

Postoperative Treatment
The patients were transferred to the post anes-

thesia care unit and they were assessed neurologically. 

During the first 24 hours post-operatively, the patients 
received a single 4 mg intravenous dose of morphine 
without using any continuous infusion on a pro re nata 
(PRN) basis when they had severe pain, measured ac-
cording to Huskisson visual analog scale (VAS) (24) with 
scores ranging from 1 (no pain) to 10 (excruciating pain). 
According to this scale, VAS score more than 6 was con-
sidered as severe pain (25-28). They took 3-day routine 
rest in bed and then started to ambulate supported by 
lumbar brace for 6 weeks after the operation. Waist 
and back functional training was gradually added. For 
pain management at the first month after surgery, we 
prescribed  acetaminophen 500 mg compound tablets 
with codeine twice a day PRN for patients with severe 
pain in outpatient settings and the patients were al-
lowed to continue this protocol if they had persistent 
pain. The use of nonsteroidal anti-inflammatory drugs 
(NSAIDs)was prevented because of their negative ef-
fects on fusion (29). The patients were evaluated at the 
3, 6, 12 and 24 month follow-up visits.

Outcome Measures
Primary outcomes were the control of LBP with or 

without radicular pain, which was evaluated preopera-
tively and at 24 hours and 3, 6, 12, and 24 months after 
surgery, and the improvement of QOL or functional 
daily activity which was assessed preoperatively and at 
3, 6, 12, and 24 months postoperatively in the Shahid 
Motahari Outpatient Clinic. Severity of postoperative 
LBP and radicular pain during the follow-up period was 
evaluated using the VAS (24). The day before surgery, 
patients were informed how to use the VAS. QOL was 
evaluated by a questionnaire based on the Oswestry 
disability index (ODI) version 2, which is a functional 
disability measurement of QOL comprising 6 items in 10 
dimensions: pain intensity, personal care, lifting, walk-
ing, sitting, standing, sleeping, social life, traveling, 
and change in the degree of pain (30). Table 2 describes 
the correlation between ODI score ranges and severity 
of disability. Because the ODI was developed for Eng-
lish speaking patients, we used its Persian translation 
(with permission from the School of Rehabilitation, 
affiliated with Tehran University of Medical Sciences). 
The patients completed the Persian translation of the 
ODI questionnaire for measurement of the severity of 
disability in the thoracolumbosacral area. The Persian 
translation of this instrument may have retained some 
cultural or linguistic biases, but this problem is common 
to many studies that are conducted in nonnative English 
speaking settings. All measurements were taken by 2 
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independent spine surgeons. Because the inflammation 
of the surgical site reduces at 2 months after the sur-
gery and also severe LBP due to surgical manipulation 
decreases gradually at postoperative 3 months (31) we 
selected a follow-up period of 24 months for VAS and 
ODI to better evaluate the patients’ clinical outcomes.

Statistical Analysis
Excel 2007 and Statistical Package for Social Sci-

ences (SPSS Inc., Chicago, IL, USA) version 16.0 was 
used for data analysis. Frequency, mean and SD, and 
frequency percentage were used for descriptive statis-
tics of clinical and radiographic changes. NCSS 11, LLC. 
(Kaysville, Utah) was used for sample size and power 
analysis calculations. Accordingly, the total sample size 
was determined as 44 patients in the PLF group and 44 
patients in the PLIF group, assuming α = 0.05, β = 0.2,  d 
= μ1 - μ2 =2.3 - 1.7 = 0.6, and s1 = s2 = 0.75. Proportions 
were compared using Chi-square test. The parametric 
variables with normal distribution were compared 
between groups using independent t-test. Statistical 
analysis was conducted using the paired student’s t-test 
to compare continuous intragroup data (percentage of 
subluxation, foraminal area, disc height, and slippage 
angle) before and after surgery, and the unpaired t-test 
was used to compare intergroup data. Power calcula-
tion revealed a power of 85% to detect at least 5% 
difference between sagittal balance, pelvic incidence, 
lumbar lordosis, and sacral slope. Fisher’s exact test was 
used to evaluate fusion rate, and the Mann-Whitney 
U test was used to compare categorical data (VAS and 
ODI). The analysis of variance (ANOVA) with repeated 
measurements was used to compare the mean VAS at 
five time points of 24 hours, 3, 6, 12, and 24 months 
postoperatively and the mean ODI scores at 3, 6, 12, 
and 24 months postoperatively to show the trend of 
changes of VAS and ODI over time in the 2 groups. P < 
0.05 was considered statistically significant.

Results

From October 2009 to March 2011, 88 patients, 
aged 50 to 85 years, were selected for enrollment. 
Table 1 represents all patients’ demographic values and 
distribution of clinical manifestations preoperatively. 
Mean intraoperative blood loss was 767.87 ± 450 mL 
in Group I and 883.05 ± 390.24 mL in Group II. Mean 
surgical duration was 230 ± 66.9 min in Group I and 325 
± 63.6 min in Group II. None of the patients had abnor-
mal lumbar lordosis. The most neurological symptom in 
our patients was neurogenic claudication (Table 1). At 
3 months after the surgery, 4 patients (9.1%) in Group 
I and 7 patients (15.9%) in Group II had complaints of 
mild neurogenic claudication that did not need any 
new intervention. At 12 months after the surgery, only 
one patient (2.3%) in Group II had mild neurogenic 
claudication. 

Table 3 shows the distribution and prevalence of 
modic changes at different levels preoperatively and 
at 3, 6, 12 and 24 months postoperatively. Before the 
operation in Group I, 28 patients (63.6%) had sev-
eral modic  lesions at multi-levels, 10 patients (22.7%) 
showed a single modic  lesion, and 6 patients (13.6%) 
had no modic  lesion. In Group II, 30 patients (68.2%) 
had several modic  lesions at multi-levels, 7 patients 
(15.9%) showed a single modic  lesion, and 7 patients 
(15.9%) had no modic  lesion before the surgery. Pre-
operatively and at 3, 6, 12, and 24 months after the 
surgery, the most modic  changes in decreasing order 
in the 2 groups were present at the L4–L5, L5–S1, and 
L3–L4 (Table 3). Before and after the surgery, modic  
Type 2 lesions were more common in the patients. In 
Group I, of the 39 Type 1 lesions, 7 (15.9%) converted 
to Type 2, 3 (6.8%) converted to normal (Type 0), and 29 
(65.9%) remained Type 1 at 3 months after the surgery. 
Of the remaining 29 Type 1 lesions, 3 (6.8%) converted 
to Type 2 and 2 (4.5%) converted to normal at 6 months 

Table 2. Correlation between severity of  disability and ODI score ranges.

Degree of  Severity of  
Disability

Interpretation

Minimal disability: 0–20% The patient can cope with most living activities. Usually no treatment is indicated apart from advice on lifting 
sitting and exercise.

Moderate disability: 
21–40%

The patient experiences more pain and difficulty with sitting, lifting and standing. Travel and social life are more 
difficult and they may be disabled from work. Personal care, sexual activity and sleeping are not grossly affected 
and the patient can usually be managed by conservative means.

Severe disability: 41–60% Pain remains the main problem in this group but activities of daily living are affected. These patients require a 
detailed investigation.

Crippled: 61–80% Back pain impinges on all aspects of the patient's life. Positive intervention is required.

81–100% These patients are either bed-bound or exaggerating their symptoms.
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Table 3. Distribution and prevalence of  modic changes at different levels in Groups I and II.

Type 0 
(No modic Change)

n (%)

Type 1 
n (%)

Type 2 
n (%)

Type 3 
n (%)

Total of  Types 1–3
n (%)

Group 1

Preop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 38 (86.4%) 3 (6.8%) 2 (4.5%) 1 (2.3%) 6 (13.6%)

L2 – L3 33 (75%) 5 (11.4%) 4 (9.1%) 2 (4.5%) 11 (25%)

L3 – L4 28 (63.6%) 7 (15.9%) 7 (15.9%) 2 (4.5%) 16 (36.4%)

L4 – L5 8 (18.2%) 14 (31.8%) 18 (40.9%) 4 (9.1%) 36 (81.8%)

L5 – S1 20 (45.5%) 10 (22.7%) 11 (25%) 3 (6.8%) 24 (54.5%)

Total 171 39 42 12 93

3 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 38 (86.4%) 2 (4.5%) 3 (6.8%) 1 (2.3%) 6 (13.5%)

L2 – L3 33 (75%) 3 (6.8%) 6 (13.6%) 2 (4.5%) 11 (25%)

L3 – L4 30 (68.2%) 6 (13.6%) 6 (13.6%) 2 (4.5%) 14 (31.8%)

L4 – L5 13 (29.5%) 10 (22.7%) 17 (38.6%) 4 (9.1%) 31 (70.5%)

L5 – S1 22 (50%) 8 (18.2%) 11 (25%) 3 (6.8%) 22 (50%)

Total 180 29 43 12 84

6 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 38 (86.4%) 2 (4.5%) 3 (6.8%) 1 (2.3%) 6 (13.5%)

L2 – L3 34 (77.3%) 3 (6.8%) 5 (11.4%) 2 (4.5%) 10 (22.7%)

L3 – L4 33 (75%) 4 (9.1%) 5 (11.4%) 2 (4.5%) 11 (25%)

L4 – L5 16 (36.4%) 9 (20.5%) 15 (34.1%) 4 (9.1%) 28 (63.6%)

L5 – S1 23 (52.3%) 6 (13.6%) 12 (27.3%) 3 (6.8%) 21 (47.7%)

Total 188 24 40 12 76

12 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 41 (93.2%) 0 2 (4.5%) 1 (2.3%) 3 (6.8%)

L2 – L3 39 (88.6%) 1 (2.3%) 2 (4.5%) 2 (4.5%) 5 (11.4%)

L3 – L4 38 (86.4%) 1 (2.3%) 3 (6.8%) 2 (4.5%) 6 (13.5%)

L4 – L5 27 (61.4%) 4 (9.1%) 9 (20.5%) 4 (9.1%) 17 (38.6%)

L5 – S1 32 (72.7%) 3 (6.8%) 6 (13.5%) 3 (6.8%) 12 (27.3%)

Total 221 9 22 12 43

24 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 42 (95.5%) 0 1 (2.3%) 1 (2.3%) 2 (4.5%)

L2 – L3 40 (90.9%) 1 (2.3%) 1 (2.3%) 2 (4.5%) 4 (9.1%)

L3 – L4 40 (90.9%) 0 2 (4.5%) 2 (4.5%) 4 (9.1%)

L4 – L5 34 (77.3%) 2 (4.5%) 4 (9.1%) 4 (9.1%) 10 (22.7%)

L5 – S1 37 (84.1%) 1 (2.3%) 3 (6.8%) 3 (6.8%) 7 (15.9%)

Total 237 4 11 12 27
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Type 0 
(No modic Change)

n (%)

Type 1 
n (%)

Type 2 
n (%)

Type 3 
n (%)

Total of  Types 1–3
n (%)

Group II

Preop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 37 (84.1%) 2 (4.5%) 3 (6.8%) 2 (4.5%) 7 (15.9%)

L2 – L3 34 (77.3%) 5 (11.4%) 4 (9.1%) 1 (2.3%) 10 (22.7%)

L3 – L4 27 (61.4%) 6 (13.6%) 8 (18.2%) 3 (6.8%) 17 (38.6%)

L4 – L5 9 (20.5%) 13 (29.5%) 17 (38.6%) 5 (11.4%) 35 (79.5%)

L5 – S1 20 (45.5%) 11 (25%) 9 (20.5%) 4 (9.1%) 24 (54.5%)

Total 171 37 41 15 93

3 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 37 (84.1%) 2 (4.5%) 3 (6.8%) 2 (4.5%) 7 (15.9%)

L2 – L3 34 (77.3%) 4 (9.1%) 5 (11.4%) 1 (2.3%) 10 (22.7%)

L3 – L4 28 (63.6%) 5 (11.4%) 8 (18.2%) 3 (6.8%) 16 (36.4%)

L4 – L5 11 (25%) 11 (25%) 17 (38.6%) 5 (11.4%) 33 (75%)

L5 – S1 20 (45.5%) 9 (20.5%) 11 (25%) 4 (9.1%) 24 (54.5%)

Total 174 31 44 15 90

6 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 37 (84.1%) 2 (4.5%) 3 (6.8%) 2 (4.5%) 7 (15.9%)

L2 – L3 34 (77.3%) 3 (6.8%) 6 (13.6%) 1 (2.3%) 10 (22.7%)

L3 – L4 30 (68.2%) 4 (9.1%) 7 (15.9%) 3 (6.8%) 14 (31.8%)

L4 – L5 16 (36.4%) 8 (18.2%) 15 (34.1%) 5 (11.4%) 28 (63.6%)

L5 – S1 24 (54.5%) 6 (13.6%) 10 (22.7%) 4 (9.1%) 20 (45.5%)

Total 185 23 41 15 79

12 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 39 (88.6%) 1 (2.3%) 2 (4.5%) 2 (4.5%) 5 (11.4%)

L2 – L3 39 (88.6%) 1 (2.3%) 3 (6.8%) 1 (2.3%) 5 (11.4%)

L3 – L4 36 (81.8%) 2 (4.5%) 3 (6.8%) 3 (6.8%) 8 (18.2%)

L4 – L5 27 (61.4%) 4 (9.1%) 8 (18.2%) 5 (11.4%) 17 (38.6%)

L5 – S1 34 (77.3%) 2 (4.5%) 4 (9.1%) 4 (9.1%) 10 (22.7%)

Total 219 10 20 15 45

24 months postop

T12 – L1 44 (100%) 0 0 0 0

L1 – L2 41 (93.2%) 0 1 (2.3%) 2 (4.5%) 3 (6.8%)

L2 – L3 40 (90.9%) 1 (2.3%) 2 (4.5%) 1 (2.3%) 4 (9.1%)

L3 – L4 39 (8.6%) 0 2 (4.5%) 3 (6.8%) 5 (11.4%)

L4 – L5 32 (72.7%) 2 (4.5%) 5 (11.4%) 5 (11.4%) 12 (27.3%)

L5 – S1 36 (81.8%) 1 (2.3%) 3 (6.8%) 4 (9.1%) 8 (18.2%)

Total 232 4 13 15 32

Table 3 (cont.). Distribution and prevalence of  modic changes at different levels in Groups I and II.
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after the surgery. At 12 months after the surgery, 8 Type 
1 lesions (18.2%) converted to Type 2 and 7 (15.9%) 
converted to normal and finally at 24 months after the 
surgery in Group I, 3 Type 1 lesions (6.8%) converted 
to Type 2, 2 (4.5%) converted to normal, and 4 (9.1%) 
remained Type 1. In Group II, of the 37 Type 1 lesions, 
5 (11.4%) converted to Type 2, 1 (2.3%) converted to 
Type 0, and 31 (70.5%) remained Type 1 at 3 months 
after the surgery. Of the remaining 31 Type 1 lesions, 
5 (11.4%) converted to Type 2 and 3 (6.8%) converted 
to Type 0 at 6 months after the surgery. At 12 months 
after the surgery, 8 Type 1 lesions (18.2%) converted to 
Type 2 and 5 (11.4%) converted to Type 0 and finally at 
24 months after the surgery in Group II, 5 Type 1 lesions 
(11.4%) converted to Type 2 and 1 (2.3%) converted to 
Type 0. In Group I, 6 Type 2 lesions (13.6%) converted 
to normal at 3 months postoperatively, 6 (13.6%) 
converted to normal at 6 months postoperatively, 26 
(59.1%) converted to normal at 12 months after the 
surgery, and at the last follow-up, 14 (31.8%) Type 2 
lesions converted to normal. In Group II, 2 Type 2 le-
sions (4.5%) converted to Type 0 at 3 months postop-
eratively, 8 (18.2%) converted to Type 0 at 6 months 
postoperatively, 29 (65.9%) converted to Type 0 at 12 
months after the surgery, and at the last follow-up, 12 
(27.3%) Type 2 lesions converted to Type 0. No modic  
Type 2 lesion converted to Type 1 during the follow-up 
period. Totally, in Group I, 35 Type 1 lesions converted 
to either normal or Type 2 and 31 Type 2 lesions con-
verted to normal at the last follow-up in comparison 
with the modic  lesions preoperatively. In Group II, a 
total of 33 Type 1 lesions converted to either normal 
or Type 2 and 28 Type 2 lesions converted to normal at 
the last follow-up in comparison with the modic lesions 
preoperatively. None of the preexisting Type 3 lesions 
exhibited reverse conversion to another type during 
the follow-up period. 

Table 1 shows that major complaints of the patients 
in the 2 groups before the surgery were neurologic clau-
dication, LBP, and radicular pain. The mean VAS, radicu-
lar pain, ODI, and Cobb angle scores of the two groups 
before and at 3, 6, 12 and 24 months after the surgery 
are shown in Table 4. VAS scores in Group I improved 
significantly from a mean of 7.87 ± 1.07 preoperatively 
to 4.86 ± 1.83 at 24 hours, 4.48 ± 1.75 at 3 months, 4.02 
± 1.49 at 6 months, 3.27 ± 1.21 at 12 months and 2.20 ± 
1.15 at 24 months postoperatively (P <.001). VAS scores 
in Group II improved significantly from a mean of 8.01 
± 1.56 preoperatively to 4.98 ± 1.84 at 24 hours, 4.57 ± 
1.73 at 3 months, 4.23 ± 1.51 at 6 months, 3.85 ± 1.28 at 

12 months and 2.53 ± 1.09 at 24 months postoperatively 
(P < 0.001). However, at the last follow-up, the mean 
reduction in VAS scores in Group I was more than the 
mean reduction in VAS scores in Group II (5.67 vs. 5.48, 
respectively). During the first 24 hours post-operatively, 1 
patient (2.3%) in Group I and 3 patients (6.8%) in Group 
II had severe LBP who received a single 4 mg intravenous 
dose of morphine without using any continuous infu-
sion. The mean radicular pain scores decreased signifi-
cantly during the follow-up period in Group I (6.73 ± 2.23 
preoperatively vs. 1.04 ± 1.02 at the last follow-up, P < 
0.001) and in Group II (6.82 ± 2.31 preoperatively vs. 1.30 
± 1.06 at the last follow-up, P < 0.001), but the mean re-
duction in the radicular pain scores in Group I was more 
than the mean reduction in the radicular pain scores in 
Group II (5.69 vs. 5.52, respectively). There was no cor-
relation between blood group, job, and underlying dis-
eases in the patients and improvement in radicular pain 
and LBP in the 2 groups. Table 4 shows that the mean 
ODI score in Groups I and II at 3, 6, 12, and 24 months 
after the surgery was significantly lower than the mean 
preoperative ODI score (P < 0.001). At the last follow-up, 
the patients in Group I had more improvement in the 
ODI score than the patients in Group II (42.75 vs. 40.94, 
respectively). The range of preoperative Cobb angles in 
the patients was 7 to 10º. Change in curve angle after 
surgery was statistically significant in the 2 groups. The 
mean Cobb angle in Group I changed significantly from 
9.7º ± 3.77 preoperatively to 3.38º ± 1.65 at 24 hours, 
3.35º ± 3.16 at 3 months, 3.24º ± 2.12 at 6 months, 3.19º 
± 2.09 at 12 months, and 3.06º ± 2.04 at 24 months post-
operatively (P < 0.001). The mean Cobb angle in Group 
II changed significantly from 9.2º ± 3.86 preoperatively 
to 3.39º ± 1.66 at 24 hours, 3.37º ± 3.19 at 3 months, 
3.31º ± 2.13 at 6 months, 3.26º ± 2.06 at 12 months, and 
3.07º ± 2.01 at 24 months postoperatively (P < 0.001). 
Table 4 shows that Cobb angle correction was statisti-
cally significant during the follow-up periods compared 
with the preoperative Cobb angle (P < 0.001). At the last 
follow-up, the mean Cobb angle correction in the pa-
tients in Group I was more than the patients in Group II 
(6.64 vs. 6.13, respectively). Moderate disability occurred 
more frequently in the 2 groups at 3 and 6 months after 
the surgery while at 12 and 24 months after the surgery, 
the 2 groups had minimal disability and the difference 
between the 2 groups were statistically significant (P < 
0.001). At the last follow-up, the number of the patients 
with minimal disability in Group I was more than the 
number of the patients with minimal disability in Group 
II (42 vs. 39, respectively).  
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Table 4. Clinical and radiological outcomes in the patients of  the 2 groups.

Parameters Group I (n = 44) Group II (n = 44) P-value

LBP, VAS score  < 0.001

Preop 7.87 ± 1.07 8.01 ± 1.56

24 h postop 4.86 ± 1.83 4.98 ± 1.84

3 mos postop 4.48 ± 1.75 4.57 ± 1.73

6 mos postop 4.02 ± 1.49 4.23 ± 1.51

12 mos postop 3.27 ± 1.21 3.85 ± 1.28

24 mos postop 2.20 ± 1.15 2.53 ± 1.09

Radicular pain  < 0.001

Preop 6.73 ± 2.23 6.82 ± 2.31

24 h postop 3.25 ± 1.67 3.58 ± 1.58

3 mos postop 2.55 ± 1.16 2.59 ± 1.22

6 mos postop 2.05 ± 1.07 2.23 ± 1.09

12 mos postop 2 ± 1.03 2.15 ± 1.04

24 mos postop 1.04 ± 1.02 1.30 ± 1.06

ODI  < 0.001

Preop 61.06 ± 12.28 62.18 ± 12.25

3 mos postop 43.36 ± 13.01 49.81 ± 16.04

6 mos postop 34.45 ± 15.68 37.53 ± 15.84

12 mos postop 26.88 ± 12.95 29.20 ± 13.15

24 mos postop 18.31 ± 8.94 21.24 ± 4.67

Cobb Angle  < 0.001

Preop 9.7º ± 3.77 9.2º ± 3.86

24 h postop 3.38º ± 1.65 3.39º ± 1.66

3 mos postop 3.35º ± 3.16 3.37º ± 3.19

6 mos postop 3.24º ± 2.12 3.31º ± 2.13

12 mos postop 3.19º ± 2.09 3.26º ± 2.06

24 mos postop 3.06º ± 2.04 3.07º ± 2.01

Functional disability after 3 mos†   < 0.001

0–20%: Minimal 14 (31.8%) 11 (25%)

21–40%: Moderate 27 (61.4%) 28 (63.6%)

41–60%: Severe 3 (6.8%) 5 (11.4%)

Functional disability after 6 mos†   < 0.001

0–20%: Minimal 20 (45.5%) 17 (38.6%)

21–40%: Moderate 21 (47.7%) 23 (52.3%)

41–60%: Severe 3 (6.8%) 4 (9.1%)

Functional disability after 12 mos†   < 0.001

0–20%: Minimal 27 (61.4%) 24 (54.5%)

21–40%: Moderate 16 (36.4%) 18 (40.9%)

41–60%: Severe 1 (2.3%) 2 (4.5%)

Functional disability after 24 mos†   < 0.001

0–20%: Minimal 42 (95.5%) 39 (88.6%)

21–40%: Moderate 2 (4.5%) 4 (9.1%)

41–60%: Severe 0 1 (2.3%)
* Indicates a significant difference.
† There were no patients in either group with functional disability 61–80% (crippled) or 81–100%.
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The spinal alignment and spinopelvic parameters in 
the patients of the 2 groups are summarized in Table 5. 
There was a statistically significant difference between 
the preoperative and postoperative sagittal balance in 
the 2 groups (P < 0.05). Before the surgery, most of the 
patients in Group I (43.2%) and in Group II (45.5%) had 
negative sagittal balance. At 3 months after the sur-
gery, the sagittal balance status of 23 patients (52.3%) 
in Group I and 22 patients (50%) in Group II changed 
to normal sagittal balance and the status of 6 patients 
(13.6%) in Group I and 5 (11.4%) in Group II changed 
to positive sagittal balance. Although pelvic incidence, 
pelvic tilt, sacral slope, and lumbar lordosis were sig-
nificantly lower at 3 months after the surgery in the 
2 groups, the scores in Group I were better than the 
Group II (Table 5). 

The number of levels fused was 197 segments in 
the Group I and 198 segments in the Group II. Table 6 
shows the frequency of the patients with good, fair 
and bad fusion in Groups I and II at 3, 6, 12, and 24 
months after the surgery. There was no significant 
correlation between the number of fusion levels and 
functional outcome of the patients in the 2 groups. 

Five patients (11.4%) in Group I had loss of Cobb angle 
correction at 12 months after the surgery, of whom 4 
patients were treated with short-segment fusion and 
1 patient was treated with long-segment fusion. Eight 
patients (18.2%) in Group II had loss of Cobb angle 
correction at 12 months after the surgery, of whom 6 
patients were treated with short-segment fusion and 2 
patients were treated with long-segment fusion. How-
ever, the relation between the angle changes and the 
fused levels was not significant. At 24 months of fol-
low-up, loss of Cobb angle correction was observed in 
5 patients (11.4%) in Group I and 6 patients (13.6%) in 
Group II who were treated with short-segment fusion. 
None of the patients in each group had any new mo-
tor deficit or sphincter problem. Severe disability be-
cause of screw loosening occurred in 3 patients (6.8%) 
at 3 months, 3 (6.8%) at 6 months, and 1 (2.3%) at 12 
months after the surgery in Group I and in 5 patients 
(11.4%) at 3 months, 4 (9.1%) at 6 months, 2 (4.5%) at 
12 months, and 1 (2.3%) at 12 months postoperatively 
in Group II so these patient underwent reoperation. 
Table 7 shows postoperative complications in the 2 
groups.

Table 5. Lumbar spine alignment parameters measured on standing thoracolumbosacral radiographies in the patients before and 3 
months after the surgery in Groups I and II. 

Parameters Preop 3 Months Postop P-value

Group I

Pelvic incidence 53.2° ± 6.7 46.1° ± 6.2 < 0.05

Pelvic tilt 17.8° ± 2.9 12.9° ± 2.3 < 0.05

Sacral slope 35.4° ± 4.3 33.2° ± 4.1 < 0.05

Lumbar lordosis 63.2° ± 5.7 56.1° ± 5.4 < 0.05

Sagittal balance

< 0.05
   Normal (-4 to +4) 7 (15.9%) 30 (68.2%)

   Positive (> +4) 18 (40.9%) 12 (27.3%)

   Negative (< -4) 19 (43.2%) 2 (4.5%)

Group II

Pelvic incidence 63.3° ± 5.5 51.8° ± 5.2 < 0.05

Pelvic tilt 19.8° ± 3.6 14.2° ± 3.2 < 0.05

Sacral slope 43.5° ± 4.7 37.6° ± 4.4 < 0.05

Lumbar lordosis 73.3° ± 7.3 61.8° ± 6.4 < 0.05

Sagittal balance

< 0.05
   Normal (-4 to +4) 10 (22.7%) 32 (72.7%)

   Positive (> +4) 14 (31.8%) 9 (20.5%)

   Negative (< -4) 20 (45.5%) 3 (6.8%)

Values are expressed as mean ± SD unless stated as frequency and percents.
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Table 6. Frequency of  the patients with good, fair, and bad fusion in Groups I and II.

Groups Fusion
P-value

Good Fair + bad

Group I  < 0.001

3 mos postop 19 (43.2%) 25 (56.8%)

6 mos postop 23 (52.3%) 21 (47.7%)

12 mos postop 30 (68.2%) 14 (31.8%)

24 mos postop 35 (79.5%) 9 (20.5%)

Group II  < 0.001

3 mos postop 22 (50%) 22 (50%)

6 mos postop 27 (61.4%) 17 (38.6%)

12 mos postop 34 (77.3%) 10 (22.7%)

24 mos postop 39 (88.6%) 5 (11.4%)

Table 7. Complications in the 2 groups after the surgery.

Complications
Group I 
(n = 44)

Group II 
(n = 44)

Treatment

Pseudoarthrosis Underwent reoperation for the angle correction

3 mos postop 1 (2.3%) 0

6 mos postop 1 (2.3%) 2 (4.5%)

12 mos postop 1 (2.3%) 1 (2.3%)

24 mos postop 0 0

Wound infection

3 mos postop 1 (2.3%) 1 (2.3%)

6 mos postop 2 (4.5%) 1 (2.3%)

12 mos postop 2 (4.5%) 3 (6.8%)

24 mos postop 0 0

Durotomy Managed with simple repairing of the dura

3 mos postop 0 1 (2.3%)

6 mos postop 2 (4.5%) 2 (4.5%)

12 mos postop 1 (2.3%) 1 (2.3%)

24 mos postop 0 0

Adjacent segment disease

    Developed mild coronal and sagittal plane imbalance Responded to the conservative treatment so they did 
not undergo surgery

     3 mos postop 1 (2.3%) 2 (4.5%)

     6 mos postop 1 (2.3%) 0

     12 mos postop 4 (9.1%) 3 (6.8%)

     24 mos postop 1 (2.3%) 2 (4.5%)

   Developed PJK at L2 Underwent surgical intervention and extended 
fusion from T12 to S1.

     3 mos postop 0 0

     6 mos postop 2 (4.5%) 1 (2.3%)

     12 mos postop 2 (4.5%) 2 (4.5%)

     24 mos postop 1 (2.3%) 1 (2.3%)

PJK indicates proximal junctional kyphosis.
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discussion

Because an improvement in LBP and functional 
ODI in patients with LSS and degenerative instability 
is very important, for patients with intolerable pain 
who fail conservative therapies and minimally invasive 
treatments, surgery is indicated (32,33). Instrument-
assisted PLF and instrument-assisted PLIF are the 2 most 
common techniques for the surgical treatment of LSS 
and degenerative instability. Various other minimally-
invasive techniques such as extreme lateral interbody 
fusion/direct lateral interbody fusion, and transforami-
nal lumbar interbody fusion are also commonly used for 
fusion, but there is a remarkable paucity of literature 
to compare the outcomes of PLF with PLIF to support 
which surgical technique provides more improvement 
of pain and disability. PLIF has been widely used in 
the treatment of lumbar degenerative disease since 
this method was first described by Cloward (34). PLIF 
offers several theoretical advantages: restoration of 
load-bearing capacity to the ventral spinal column, in-
direct decompression of the foramen, maintenance of 
the height of the intervertebral disc, and restoration of 
lordosis. However, some authors have stated that PLIF is 
difficult due to increased bleeding, prolonged duration 
of surgery, and more extensive dissection and that PLF is 
more advantageous with a lower complication risk and 
fewer technical demands (35,36). In this study, our find-
ings suggest that PLF with posterior instrumentation 
provides better clinical outcomes and improvement in 
the LBP, radicular pain, and functional QOL, more cor-
rection of the Cobb angle, more decrease in modic Type 
1, and more increase in modic Type 0 (normal) at 3, 6, 
12, and 24 months of follow-up, despite the low fusion 
rate compared to PLIF with posterior instrumentation. 
In addition, PLF was associated with more restoration 
of sagittal alignment at 3 months postoperatively  in 
the adult population. Similar to our findings, Weber et 
al (37) conducted a survey study to capture potential 
diversities in surgeons’ surgical management of LSS in 
Norway and their results showed that PLF was much 
better than PLIF. 

Postoperative pain relief provides benefits such as 
earlier mobilization, shorter hospital stay, reduced hos-
pital costs, and morbidity reduction. Although the goal 
of treatment of spinal stenosis is to decompress the 
affected neural structure, it is difficult to reduce back 
pain and neurological symptoms by decompression 
without performing fusion surgery in the patients who 
have multilevel foraminal stenosis with back pain. The 
findings of our study showed that the improvement in 

LBP during the follow-up was significantly more in the 
patients who were operated on using PLF with poste-
rior instrumentation than in the patients operated on 
with PLIF with posterior instrumentation and more LBP 
was seen in the patients of Group II after the operation. 
The results in our study are somewhat in contrast to 
other studies showing that there is a similar outcome 
between PLF and PLIF (13–15,38–43). Ekman et al (39) 
compare the outcome of PLIF and PLF in adult isthmic 
spondylolisthesis (IS) and reported that type of fusion, 
PLIF or PLF, does not affect the pain at 2 years after 
surgical treatment of adult IS. In a multicenter random-
ized study with a 2-year follow-up period, Fritzell et al 
(40) showed that all the fusion techniques used in their 
study (PLF, PLF combined with variable screw place-
ment, and PLF combined with variable screw placement 
and interbody fusion) could reduce pain. In a retro-
spective study, Audat et al (13) compared the clinical 
outcomes of PLF and PLIF and reported that PLF and 
PLIF are equally suitable for treating degenerative disc 
disease and there is no difference in the VAS score be-
tween these techniques. Zhou et al (38) compared the 
effectiveness of instrumented PLIF and instrumented 
PLF for the treatment of LBP due to degenerative lum-
bar disease and their findings showed that there were 
no significant differences between these 2 techniques 
concerning the improvement in LBP. Kim et al (41) could 
not demonstrate any difference in outcome between 
PLIF and PLF in a mixed patient material, including spi-
nal stenosis as well as degenerative and IS. Cheng et 
al (14) compared the clinical outcome of PLIF and PLF 
in spondylolisthesis and they reported that there was 
no significant statistical difference between the VAS 
scores in the 2 groups. Lidar et al (42) reported that 
there was no difference regarding VAS between the 
2 groups. However, in contrast to our findings, some 
studies have reported that PLIF provides more reduc-
tion in VAS than PLF (15,43). In 2015, Alijani et al (15) 
evaluated and compared the pain of patients with 
spondylolisthesis who had undergone either PLF or PLIF 
and they reported that PLIF was related to better out-
come with respect to pain control at 6 month after the 
surgery than PLF. Similarly, Aygün et al (43) reported 
that at 48 months after the surgery, PLIF group showed 
better results regarding VAS than the PLF group. The 
difference between Aygün et al’s findings (43) with our 
findings might be due to their longer follow-up period 
that was twice more than that of our study.

Usually, radicular pain post laminectomy relieves 
immediately after the surgery (at the first 24 hours after 
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the surgery) due to successful nerve root decompres-
sion (44-46). LBP results from the manipulation of soft 
tissue, muscles and facet joints and decreases gradu-
ally during the first few weeks or months after surgery 
(31). In our patients, both LBP and radicular pain were 
reduced more in the PLF group than the PLIF group dur-
ing the follow-up period, and consequently, when the 
pain reduces, the patients’ social burden will decrease 
and the patients can return to work or other normal 
functions. Kim et al (41) reported that both PLF and PLIF 
reduced radiating pain in the leg. However, some stud-
ies (47) have reported that the postoperative leg pain 
has been a disadvantage of PLIF because the nerve root 
and thecal sac are retracted excessively when inserting 
a cage or bone graft. Dantas et al (48) reported that 
the improvement in radicular pain was 82% in the PLF 
group and 85.5% in the PLIF group which shows that 
PLIF was associated with more improvement in the 
radicular pain than the PLF in their study. In our study, 
posterior decompression of spinal canal and nerve roots 
was performed as much as possible. Neurogenic claudi-
cation is a clinical syndrome due to LSS, or inflammation 
of the nerves emanating from the spinal cord. Neuro-
genic means that the problem originates from a nerve, 
and claudication, from the Latin for limp, describes the 
painful cramping or weakness in the legs (6). Dantas et 
al (48) observed neurogenic claudication in 19 patients 
(63.3%) in the PLF group, and in 11 patients (36.6%) in 
the PLIF group, and reported that it was improved in 
all cases. Interestingly, in our study, despite posterior 
decompression of spinal canal and nerve roots that was 
performed completely in the two groups, the number 
of patients who had complaints of neurogenic claudica-
tion was significantly reduced in the 2 groups, but the 
number of patients with neurogenic claudication was 
more in the PLIF group with posterior instrumentation 
than in the PLF group with posterior instrumentation 
at 12 and 24 months. In our study, no patient in the PLF 
group had complaints of neurogenic claudication at 12 
and 24 months of follow-up. 

An increase in life expectancy will lead to an in-
crease in spinal pathologies with evermore pressing 
requests on the part of patients for an improvement in 
functional QOL. The findings of our study showed that 
PLF with posterior instrumentation is more appropriate 
for the improvement of the functional QOL than the 
PLIF with posterior instrumentation as the decrease 
in the ODI scores in the PLF group was more than the 
PLIF group at 3, 6, 12, and 24 months after the surgery. 
Similar to our findings, some studies (35) have reported 

that the ODI score in patients who underwent PLF was 
decreased more than that of patients who were treated 
with PLIF. Wu et al (49) evaluated the ODI in the PLF 
group versus PLIF group in patients with lumbar degen-
erative disease. Their findings showed that the preop-
erative mean ODI score in the PLF group was 34.5 which 
reduced to 14.2 at the final follow-up (mean reduction 
= 20.3) and the mean preoperative ODI in the PLIF 
group was 36.4 which reduced to 16.2 at the final fol-
low-up (mean reduction = 20.2). However, our findings 
showed that the mean reduction in the ODI score at the 
final follow-up for Groups I and II was twice more than 
the mean reduction reported by Wu et al (49) (42.75 
vs. 40.94, respectively). In a prospective observational 
study in 2015, Alijani et al (15) documented that both 
surgical fusion techniques (PLF and PLIF) were efficient 
to lessen the disability of patients with spondylolisthe-
sis, and none of the fusion techniques were related to 
a better outcome in terms of disability after 1-year of 
follow-up. Similarly, Lidar et al (42) and Ekman et al (39) 
showed that that there was no improvement on patient 
ODI in the PLIF group compared with PLF and there was 
no difference regarding ODI between the two groups. 
However, similar to our study, Madan and Boeree (35) 
evaluated the outcomes PLF and PLIF for low grades of 
IS and their results in a minimum follow-up period of 
2.1 years showed that the clinical satisfactory outcome 
on the ODI was 81% for PLF and 69% for PLIF and they 
concluded that PLF has a better clinical outcome in low 
grades of IS than PLIF. The results in our study are in 
contrast to a study conducted by Habib (16) in 2014 
in which the author used ODI to study disability in 50 
patients with lumbar IS and demonstrated a significant 
better long term ODI in PLIF group in a follow-up of 18 
months.

Although the efficacy of fusion in degenerative 
disease remains controversial, several studies have rec-
ommended instrumentation to improve the fusion rate 
(9). Furthermore, spinal fusion may prevent recurrent 
stenosis. Some studies have reported the same fusion 
rate in PLF and PLIF groups (50). Similarly to the find-
ings of most studies (50) who reported that fusion rate 
in the PLIF is more than PLF, we found higher fusion 
rates in patients who underwent PLIF rather than PLF 
with posterior instrumentation. It could be due to more 
fusion bed and performing fusion under compression 
(Wolff’s law), which was closer to the normal physiol-
ogy of load-bearing of the anterior spinal column. In a 
randomized controlled trials conducted by Zhou et al 
(38), authors provided the evidence that instrumented 
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PLIF has an advantage of higher fusion rate over instru-
mented PLF. Similar to our findings, Lidar et al (42) and 
Cheng et al (14) showed that the PLIF group presented 
a better fusion rate than the PLF group. Suk et al (51) 
retrospectively analyzed 76 patients with spondylolis-
thesis who underwent instrumented PLF vs. patients 
who underwent PLIF combined with instrumented PLF 
and they reported that the fusion rate in the PLIF group 
was 100% vs. 87.5% in the PLF group. They also showed 
that the excellent outcome portion was 75% in the PLIF 
group compared with 45% in the PLF group (51), but 
our findings showed that the patients in the PLF group 
had better clinical outcomes than the patients in the 
PLIF group. Madan and Boeree (35) compared the out-
come of PLF vs. PLIF combined with instrumented PLF in 
patients with grades 1 and 2 spondylolisthesis. Similar 
to our findings, they reported that fusion rates were 
better for the PLIF group than the PLF group (35), but 
clinical outcome was better for the PLF group. Fritzell et 
al (40) prospectively studied 222 patients with chronic 
back pain and disc degeneration who were randomized 
into 1 of 3 fusion procedures: PLF with transpedicular 
fixation, PLF without instrumentation, and PLIF com-
bined with instrumented PLF and they reported a 91% 
fusion rate for PLIF, 87% for instrumented PLF, and 72% 
for noninstrumented PLF after a follow-up period of 2 
years. 

The sagittal balance status and spinopelvic pa-
rameters are key components in the evaluation and 
treatment of degenerative pathologies of the spine. It 
is believed that the surgical planning should be based 
on the sagittal alignment (44,52). Farrokhi et al (33) 
emphasized that it is necessary to evaluate the sagittal 
balance and spinopelvic parameters completely before 
the surgery in the patients with LSS. However, few 
studies have quantitatively measured the spinal sagit-
tal parameters in patients with LSS or degenerative 
lumbar spine instability (33,53). The spinopelvic mor-
phology modulates the lumbosacral configuration and 
consequently, the mechanical stress at the lumbosacral 
junction. Restoration of the sagittal balance has been 
emphasized recently (33,54) and it has been shown to 
directly impact both the standing balance and clinical 
outcomes of the patients (54,55). Kawakami et al (56) 
studied whether lumbar sagittal balance affected the 
clinical outcome after PLF and they concluded that SVA 
(center in the L1 to the back corner of the S1) should 
be considered in the choice of treatment strategy when 
PLF is indicated for patients with degenerative lumbar 
spondylolisthesis. In this study, we compared pre- and 

post-operative measurements of sagittal balance be-
tween the 2 groups and our findings showed that the 
sagittal balance and spinopelvic parameters were all 
improved significantly at 3 months after the surgery in 
the 2 groups and this improvement was also associated 
with good clinical outcome, but PLF group did better 
than the PLIF group. Our finding are in consistent with 
a study conducted by Korovessis et al (53) in which the 
authors evaluated the effect of sagittal spinal balance 
on LBP in patients underwent decompression and 
instrumented PLF for degenerative lumbar spine dis-
ease and suggested that the methods directed at the 
improvement in sagittal spinal balance of the lumbar 
spine might be beneficial for decreasing LBP after 
surgery in degenerative lumbar spine disease. Clinical 
studies have demonstrated that interbody fusion grafts 
are associated with high fusion rates and improvement 
in sagittal balance (57). However, although our findings 
showed that PLIF was associated with a higher fusion 
rate, the improvement in sagittal balance and spinopel-
vic parameters was more in the PLF group than the PLIF 
group at 3 months postoperatively. In contrast to our 
findings, Zhou et al (38) reported that in the patients 
with degenerative lumbar disease, instrumented PLIF is 
associated with better restoration of spinal alignment 
over instrumented PLF. Similarly, In a prospective ran-
domized study on degenerative lumbar disease, Kim et 
al (41) documented that PLIF had better sagittal bal-
ance than PLF. Moreover, Musluman et al. (58) reported 
that PLIF could achieve better sagittal balance and that 
the back pain VAS scores were improved from the early 
postoperative period to the final follow-up. However, 
in our study, the patients in the PLF group had better 
sagittal balance and more reduction in VAS scores than 
the patients in the PLIF group. Similar to our findings, 
some authors have reported that the clinical results of 
PLIF are not superior than PLF in the treatment of low-
grade spondylolisthesis (14,41,48,58), although PLIF is 
expected to achieve better maintenance of correction 
and bony union. In addition, Kuraishi et al (50) reported 
that lumbar lordosis in the PLIF group was not better 
than that in the PLF group, which might be due to the 
lack of difference in clinical outcomes between the 2 
groups.

The pain resulting from modic changes of endplate 
belongs to the discogenic LBP. So, in the assessment 
of LBP for patients with LSS and degenerative lumbar 
spine instability, we must comprehensively analyze 
and pay attention to the existence and distribution 
of modic changes. It has been reported that among 
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modic changes, Type 1 changes are the ones most 
strongly associated with LBP and segmental instabil-
ity, thus reflecting a state of active degeneration and 
biomechanical instability of the lumbar spine (59). 
In contrast, Type 2 changes are less clearly associated 
with LBP and seem to indicate a more biomechanically 
stable state (59). The natural history of modic changes 
in the lumbar spine is often marked by conversion from 
one type to another (60). Some studies suggest that fu-
sion increases the conversion of modic changes Type 1 
to modic changes Type 2, probably by correcting the 
mechanical instability, and these changes appear to be 
a good indicator of satisfactory outcome after fusion 
surgery (61). Vital et al (62) demonstrated that all Type 
1 changes converted into either Type 2 changes or back 
to normal within 6 months following lumbar fusion, 
which paralleled clinical improvement in all patients. 
Rahme et al (60) reported that neither the preopera-
tive presence of modic changes nor their postoperative 
course appears to affect the clinical outcome. However, 
in our study, the patients in the 2 groups experienced 
a significant improvement in VAS and ODI that might 
be due to a significant decrease in modic Type 1 and an 
increase in modic Type 0 in our patients at 12 and 24 
months of follow-up. However, PLF group had more de-
crease in modic Type 1 and more increase in modic Type 
0 and consequently the mean reduction in VAS and ODI 
in the PLF group was more than the PLIF group. Similar 
to our findings, Mitra et al (63) found a positive trend 
between the evolution of Type 1 modic changes into 
Type 2 changes and the improvement of symptoms and 
suggested that if the Type 1 lesion does convert to Type 
2, it starts to do so within 2 years in most cases. Similar 
to other studies (64), in our study Type 2 changes were 
the most frequent in the 2 PLF and PLIF groups. It is 
believed that superimposed changes such as continued 
or accelerated degeneration may induce inflammation 
in Type 2 lesions leading to their reverse conversion to 
Type 1 (64), but no modic Type 2 lesion converted to 
Type 1 in the 2 groups in our study. To our knowledge, 
this is the first study in the literature, which compares 
the modic changes between the 2 groups of PLF and 
PLIF in patients with LSS and degenerative lumbar spine 
instability.

One of the major issues after lumbar spinal fusion 
is the development of adjacent segment disease (ASD) 
(65). Degeneration that develops at mobile segments 
above or below a fused spinal segment is known as 
ASD (66). Adjacent segment degeneration is not always 
associated with severe complaints and only a part of 

these patients required revision surgery. Korovessis 
et al (53) reported that none of the 3 (6%) patients 
in their study, who developed radiologic ASD needed 
additional surgery until the final observation. In our 
study, there was no significant difference in the inci-
dence of ASD between the 2 groups. Our findings are 
inconsistent with a study conducted by Aygün et al (43) 
in which they showed that the occurrence of adjacent 
segment pathologies after these 2 fusion techniques 
was similar. In contrast to our findings, Lee et al (67) 
studied a consecutive series of 490 patients who had 
undergone lumbar spinal fusion (103 were treated with 
PLF and 387 were treated with PLIF) of 3 or fewer seg-
ments to treat degenerative lumbar disease and they 
showed that biomechanically, PLIF is more rigid than 
PLF, and therefore, patients who undergo PLIF are sus-
pected to experience a higher incidence of ASD than 
those who underwent PLF. Suk et al (51) recommended 
the PLIF procedure because PLF was associated with 
more cases of pseudoarthrosis while PLIF has preferable 
characteristics such as anterior column support, main-
tenance of reduction, and a better fusion rate. In our 
study the number of the patients with pseudoarthrosis 
in the 2 groups was the same at 12 and 24 months after 
the surgery (1 and 0, respectively). Although Suk et al 
(51) recommended the PLIF procedure is better, Ekman 
et al (39) found significantly more complications in pa-
tients operated on with PLIF. The PLIF technique is more 
invasive, technically more demanding, and results in a 
longer operating time and a larger blood loss, factors 
all increasing the risk of complication (35). Many stud-
ies have reported that some complications associated 
with the PLIF procedure are permanent neurological 
deficit, cerebrospinal fluid leakage, radicular pain, and 
deep wound infection (47,68). Our results are incon-
sistent with the findings reported in a study by Zhou 
et al (38) in which they showed that there were no 
significant differences between instrumented PLIF and 
instrumented PLF concerning the complication rate in 
patients with degenerative lumbar disease. In addition 
to sagittal balance, clinical outcomes of instrumented 
PLF or instrumented PLIF in patients with degenerative 
lumbar spine disease may be influenced by a variety of 
pathophysiologic factors, including residual compres-
sion of the neural tissues, recurrence of spinal canal 
stenosis, irreversible changes to the nerve root, or 
cauda equine, but none of our patients in each group 
showed any of these pathophysiologic factors at 12 and 
24 months postoperatively.

Wide decompression and fusion may be accompa-
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nied by substantial complications such as postoperative 
blood loss, a prolonged operation time and postopera-
tive infection. Further, long segment fusion and abun-
dant blood loss may increase the incidences of compli-
cations. Excessive bleeding, often requiring multiple 
blood transfusions, can cause not only hemodynamic 
changes, but also fever and complications following the 
injection of allogenic blood (22). Zhou et al (38) showed 
that there were no significant differences between 
instrumented PLIF and instrumented PLF concerning 
the blood loss. In contrast, Kim et al (41) showed that 
PLIF had advantages of shorter operating time and less 
blood loss than PLF in their study. However, our results 
showed that the patients who underwent PLF with pos-
terior instrumentation had significantly shorter surgical 
time and less intraoperative blood loss than those who 
were treated with PLIF with posterior instrumentation. 
Similar to our findings, Cloward (69) reported that de-
spite increased the fusion rate of the PLIF technique, it 
was associated with complications related to blood loss.

Our findings showed that the mean Cobb angle 
changed significantly from 9.7º preoperatively to 3.06º 
at the last follow-up in the PLF group and from 9.2º 
preoperatively to 3.07º at the last follow-up in the PLIF 
group. The mean of Cobb angle correction rate in our 
study after 12 and 24 months of follow-up in the PLF 
group (6.51 and 6.64, respectively) was significantly 
higher than a mean value of correction in the PLIF 
group (5.94 and 6.13, respectively) so our findings show 
that PLF technique is more associated with Cobb angle 
correction rate than the PLIF. To our knowledge, this is 
the first study in the literature which has compared the 
Cobb angle in the patients who underwent either PLF 
with posterior instrumentation or PLIF with posterior 
instrumentation after lumbar decompression surgery 
for LSS and degenerative lumbar spine instability. 
Therefore, we could not compare and contrast our 
findings regarding the Cobb angle with other studies 
on this ground in the literature. We suggest that future 
studies are warranted to further investigate the Cobb 
angle in these patients. 

In our study, the number of women presented 
with worse LBP, radicular pain, and ODI preoperatively 
was 3 times more than the number of men (66 vs. 22, 
respectively), but women in our 2 groups improved 
more than men after the surgery. Previous studies 
have shown mixed results pertaining to gender-based 
differences in the prevalence of LSS due to differences 
in methodology (70). Considering gender differences 
in pain perception, there are likely differences in pain 

responses between men and women with LSS (71). 
Women patients more often present with increased 
low back and radiating leg pain (72) and display a 
higher level of disability (73) and health-care seeking 
(74) than men. Previous studies have suggested pos-
sible mechanisms for the variation in pain perception 
between men and women with LSS (71), which have 
been portrayed as either biological, such as hormonal 
differences, or psychological (72,75,76). Ishimoto et al 
(77) investigated the prevalence of symptomatic LSS in 
1,009 patients of whom two-thirds were women and 
reported that with increasing age in both genders, the 
prevalence of symptomatic LSS for women was higher 
than that of men. Similarly, other studies indicated that 
elderly women tend to have more severe lumbar disc 
degeneration than elderly men (78). Consistent with 
a study conducted by Shabat et al (75), the 2 studies 
published by Kim et al (71,76) in Pain Physician Journal 
also showed that women with degenerative LSS had a 
higher VAS for back pain/leg pain and ODI than men 
with degenerative LSS after adjustment for BMI, age, 
and the grade of canal stenosis/disc degeneration. This 
finding indicates that women suffer more from LSS 
compared to men, despite similar grades of canal ste-
nosis and disc degeneration (71). Therefore, this might 
explain why women more frequently undergo lumbar 
fusion surgery than men (77,79) and why in our study, 
the 2 fusion groups had nearly 3 times as many women 
as men. Some studies have shown that women tend to 
have a poorer outcome after spine surgery than men 
(76). Lehto et al (80) and McCullen et al (81) reported a 
worse outcome in women in response to the treatment 
of spinal stenosis, while studies on patients with lumbar 
disc herniation or sciatica have shown contradictory 
results (82,83). Strӧmqvist et al (84) observed that men 
and women showed similar levels of satisfaction with 
the treatment result, whereas Shabat et al (75) and Ge-
pstein et al (85) reported that men showed greater post-
operative satisfaction than did women, with this being 
explained by their higher preoperative expectations. 
Wise et al (86) found men to have a higher threshold 
for thermal pain and a greater pain tolerance than do 
women. Thus, men may report lower pain even though 
they experience similar pain stimuli as women—biasing 
most previously published results assessing pain after 
lumbar fusion surgery. However, in a study conducted 
by Triebel et al (87) in 2017, the authors investigated 
whether gender affects clinical outcome after lumbar 
fusion. They studied the 2-year follow-up results from 
4,780 prospectively collected patients in the Swedish 
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National Spine Register with lumbar degenerative disc 
disease and chronic LBP and their findings showed 
that women do not have worse results than men after 
spinal fusion surgery. Similar to our findings, they also 
reported that women patients present with worse pain 
and function preoperatively, but improve more than 
men do after surgery (87). In their cohort of Swedish 
men and women (87), gender did not seem to be of 
importance in the decision whether to operate on a pa-
tient. In 2016, Pochon et al (88) examined the influence 
of gender on baseline status and 1-year postoperative 
outcomes in a large series of patients undergoing 
surgery for different degenerative spinal disorders 
(including spinal stenosis) and showed that women do 
not differ significantly from men regarding their post-
operative outcome, even though they present with a 
worse preoperative status. They also reported that the 
management of a patient’s condition should not differ 
depending on their gender, since both men and women 
are able to improve to a similar extent (88). 

We had some limitations in this study. There are 
few prospective studies of PLIF or PLF in patients with 
LSS and degenerative lumbar spine instability, and a 
limited number of studies which exists have examined 
the safety and outcome of each procedure without 
comparing it with other fusion techniques. Because 
most of the studies in the literature have been con-
ducted in the patients with IS, we could not compare 
and contrast our findings with studies in patients with 
LSS and degenerative lumbar spine instability. In addi-
tion, although in our study the findings at a 24-month 
follow-up period showed that PLF was better than PLIF 
in these patients, there were some studies in the litera-
ture like Aygün et al’s study (43) in which the authors 

reported that PLIF showed better clinical results than 
PLF at a 48-month follow-up period. So we suggest that 
rigorous controlled trials at longer follow-up periods 
should be undertaken in groups of patients with LSS 
and degenerative lumbar spine instability who undergo 
posterior decompression and instrumented fusion to 
help to determine the ultimate best fusion technique 
for these patients.

conclusion

Compared with PLIF, PLF with posterior instrumen-
tation in patients with LSS and degenerative lumbar 
spine instability provides better clinical outcomes and 
improvement in the LBP, radicular pain, and func-
tional QOL, more correction of the Cobb angle, more 
decrease in modic Type 1, and more increase in modic 
Type 0 (normal). In this study, PLF is also recommended 
because the procedure is simple and has less blood loss. 
Moreover, this study presents the spinal sagittal balance 
and the spinopelvic parameters in the adult population 
and documents that posterior lumbar decompression 
with PLF is associated with more restoration of sagit-
tal alignment, resulting in an increase in the patients’ 
clinical outcomes. PLIF is associated with more fusion 
rate than PLF.
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