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Study Design: Case-control.
Purpose: To determine optimal cut-off value for body mass index (BMI) in predicting surgical success in patients with lumbar spinal
canal stenosis (LSCS).
Overview of Literature: BMI is an essential variable in the assessment of patients with LSCS.
Methods: We conducted a prospective study with obese and non-obese LSCS surgical patients and analyzed data on age, sex, duration of symptoms, walking distance, morphologic grade of stenosis, BMI, postoperative complications, and functional disability.
Obesity was defined as BMI of ≥30 kg/m2. Patients completed the Oswestry Disability Index (ODI) questionnaire before surgery and 2
years after surgery. Surgical success was defined as ≥30% improvement from the baseline ODI score. Receiver operating characteristic (ROC) analysis was used to estimate the optimal cut-off values of BMI to predict surgical success. In addition, correlation was
assessed between BMI and stenosis grade based on morphology as defined by Schizas and colleague in total, 189 patients were eligible to enter the study.
Results: Mean age of patients was 61.5±9.6 years. Mean follow-up was 36±12 months. Most patients (88.4%) were classified with
grades C (severe stenosis) and D (extreme stenosis). Post-surgical success was 85.7% at the 2-year follow-up. A weak correlation
was observed between morphologic grade of stenosis and BMI. Rates of postoperative complications were similar between patients
who were obese and those who were non-obese. Both cohorts had similar degree of improvement in the ODI at the 2-year followup. However, patients who were non-obese presented significantly higher surgical success than those who were obese. In ROC curve
analysis, a cut-off value of ≤29.1 kg/m2 for BMI in patients with LSCS was suggestive of surgical success, with 81.1% sensitivity and
82.2% specificity (area under the curve, 0.857; 95% confidence interval, 0.788–0.927).
Conclusion: This study showed that the BMI can be considered a parameter for predicting surgical success in patients with LSCS
and can be useful in clinical practice.
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Introduction
Lumbar spinal canal stenosis (LSCS) is defined as the narrowing of the lumbar spinal canal [1]. The prevalence of
the disease in older age is very high [2], and individuals
who are overweight and obese are at a higher risk of developing LSCS [3]. It can cause substantial disability and
reduced quality of life [2]. In recent decades, LSCS has
become the most common indication for spine surgery
[4]. Studies about surgery for lumbar stenosis have demonstrated a good to excellent outcome in most patients
[5]. However, limited data exist on surgical outcomes in
patients with LSCS who are overweight and obese [6].
In clinical practice and health research, body mass index
(BMI) is a widely established proxy to categorize adults on
the basis of their weight and height as underweight (thin),
normal weight, overweight, and obese [7]. As far as surgery
for lumbar stenosis is concerned, the findings obtained
from studies on BMI as a predictor for outcome after LSCS
surgery are inconsistent [8,9]. Hence, the questions that
remain are whether an elevated BMI decreases the success
rate after surgery for LSCS and what optimal cut-off value
of BMI predicts surgical success in patients with LSCS.
Therefore, this study aimed to determine the association
between BMI and outcome of LSCS surgery and to establish the optimal cut-off value for BMI in predicting surgical
success in patients who are obese and non-obese in a prospective study over a 2-year period. In addition, correlation
was assessed between BMI and the morphologic grade of
stenosis as defined by Schizas et al. [10]

Materials and Methods
1. Patients and data collection
Between October 2009 and December 2013, consecutive
patients with LSCS who received surgery at Imam Hossein
Hospital, Shahid Beheshti University of Medical Sciences,
Tehran, Iran were enrolled in the study. were enrolled in
the study. Clinical data were prospectively collected, and
patients were followed up at least for 2 years. All patients
met the criteria of classic clinical LSCS. These criteria included clinical symptoms; neurological examinations; and
imaging studies including plain radiography, computed
tomography (CT), and magnetic resonance imaging (MRI)
of the lumbar spine. Patients also had a history of inadequate response to conservative treatment after an appro-
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priate length of management. In all instances, more than
one spine surgeon confirmed the diagnosis. The stenotic
level(s) were assessed on the MRI and CT images. There
were no restrictions on patient selection regarding LSCS
level, age, or other characteristics. Patients with prior
lumbar spine surgery, spinal anomalies, and spondylolisthesis were excluded from the study. Demographic data
including age, sex, and body weight were recorded. The
duration of symptoms (in months) and walking distance
(in meters) were recorded. BMI was calculated as weight
in kilograms, divided by the square of the height in meters
(unit, kg/m2). The BMI categories defined by the World
Health Organization are as follows: underweight, <18.5
kg/m2; normal weight, 18.5–24.9 kg/m2; overweight, 25.0–
29.9 kg/m2; and obese, ≥30.0 kg/m2 [11]. However, for this
study we categorized patients into two major groups: nonobese (BMI <30.0 kg/m2) and obese (BMI ≥30.0 kg/m2).
Using MRI, the grade of stenosis was determined for each
patient. Stenosis was classified using the seven-grade classification scheme (A1, A2, A3, A4, B, C, and D), according to the morphology of the dural sac as observed on T2
axial MRIs (rootlet/cerebrospinal fluid ratio). As defined
by Schizas et al. [10], grade A indicates no or minor stenosis, B indicates moderate stenosis, C indicates severe
stenosis, and D indicates extreme stenosis. Surgery for patients included laminectomy without fusion at one to two
levels, unilaterally or bilaterally, depending on the degree
of stenosis. Based on at least 20% failure rate for surgery, it
was estimated that a sample of 152 patients would be sufficient for a study of 80% power at 5% significance level.
However, 189 patients were recruited for the study.
2. Oswestry Disability Index
The Iranian version of the Oswestry Disability Index (ODI)
(version 2) was used to assess functionality. The ODI contained 10 items, with the score ranging from 0 to 50, with
higher scores indicating worse condition. The psychometric properties of the Iranian version of questionnaire have
been well documented [12]. The ODI score was measured
at admission and at last follow-up. Surgical success was
defined as a 30% or more improvement on the ODI score
from the baseline [13].
3. Statistical analysis
All statistical analyses were performed using PASW SPSS
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Statistics ver. 18.0 software (SPSS Inc., Chicago, IL, USA).
BMI was considered a continuous variable for analysis.
For parameters describing the patient population, continuous variables were compared using Mann-Whitney
U-test. Categorical variables were compared using Pearson chi-square test.
Logistic regression was adjusted for age, sex, and BMI.
Sensitivity and specificity of BMI as an indicator to predict surgical success were determined with the cut-off
value. Receiver operating characteristic (ROC) curve and
area under the curve (AUC) for ROCs were obtained by
plotting sensitivity against the false-positive rate (1−specificity). Youden index (J) was used to determine the optimal cut-off value of BMI, without considering patients
who are obese and non-obese, to predict surgical success
(J=sensitivity+specificity−1) [14,15]. In addition, Spearman’s rank correlation between the morphologic grade
of stenosis and BMI was evaluated. A p-value of 0.05 was
considered statistically significant.
4. Ethics
In consideration of varying reading levels, each participant provided informed verbal consent. The main inves-

tigator explained the study to each participant and asked
for permission to participate. The decision to participate
or not in the study did not influence treatment, and information remained confidential. The Ethics Committee of
Shahid Beheshti University of Medical Sciences, Tehran,
Iran, approved the study and agreed with the consent procedure.

Results
Overall, 206 patients were enrolled in the study. At
2-year follow-up, there were five deaths, eight patients
could not be contacted, and seven did not complete the
questionnaires. Thus, data for 189 patients were analyzed. The characteristics of patients, morphology of the
dural sac on MRI, and ODI scores are shown in Table 1.
The mean±standard deviation (SD) age of patients was
61.5±9.6 years (range, 38–82 years). The mean±SD duration for follow-up was 36±12 months (range, 24–41
months). One- and two-level stenosis was observed in
59.3% (n=112) and 40.7% (n=77) patients, respectively.
Most patients (88.4%) who underwent surgery were identified as having grade C and grade D stenosis. Postoperative success was 85.7% for the 2-year follow-up. Spear-

Table 1. Demographic data and preoperative status of patients with lumbar spinal stenosis (n=189)

Characteristic
Age (yr)
Sex (male)
No. of patients

Obese (BMI ≥30.0)

p -value

Total

Non-obese (BMI<30.0)

61.5±9.6

61.3±9.5

62.6±10.2

0.893

41.0

40.0

44.8

0.789

189 (100.0)

160 (84.7)

29 (15.3)

0.001

45.3±22.6

45.1±22.3

46.4±24.2

0.543

335.4±221

341.7±216

300.2±248

Symptoms
Duration of symptoms (mo)
Walking distance (m)
Level stenosis

0.063a)
0.991

One

112 (59.3)

94 (58.8)

18 (62.1)

-

Two

77 (40.7)

66 (41.2)

11 (37.9)

-

b)

0.669a)

Morphology grade
Grade D

44 (23.3)

34 (21.2)

8 (27.5)

-

Grade C

123 (65.1)

107 (66.9)

18 (62.1)

-

Grade B

15 (7.9)

13 (8.1)

2 (6.8)

-

Grade A
Preoperative Oswestry Disability Index (%)

7 (3.7)

6 (3.7)

1 (3.4)

36.6±7.4

35.8±7.3

40.7±8.3

0.001

Values are presented as mean±standard deviation, %, or number (%).
BMI, body mass index (kg/m2).
a)
Level stenosis and morphology grade compared between two groups based on percentage. b)Morphology grade: D, extreme; C, severity of lumbar
spinal stenosis based on the morphology of the dural sac as observed on T2 axial magnetic resonance imaging.
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Table 2. Logistic regression to predict the probability of surgical success based on variables of age, sex, and BMI

Variable

Standard error

Wald

Significance

Exp(B)

95% confidence interval for EXP(B)

Age

0.035

3.786

0.052

1.070

1.000–1.146

BMI

0.058

24.485

0.000

0.750

0.669–0.840

Sex

0.516

0.766

0.381

0.639

0.234–1.743

2

BMI, body mass index (kg/m ).
Table 3. Comparison of pre- and postoperative status and surgical success of patients with lumbar spinal stenosis (n=189)

Non-obese (BMI <30.0) (n=160)

Obese (BMI ≥30.0) (n=29)

p -value

Preoperative ODI (%)

35.8±7.3

40.7±8.3

0.001

Postoperative ODI (%)

20.4±4.5

27.9±6.3

0.001

15.4

12.8

0.02

144 (90.0)

19 (65.5)

0.001

0.001

0.001

-

Variable

ODI change (%)
a)

Surgical success

p -value

Values are presented as mean±standard deviation, %, or number (%).
BMI, body mass index (kg/m2); ODI, Oswestry Disability Index.
a)
30% improvement in ODI was observed over a 2-year period.

1.0

0.8

0.6
Sensitivity

man’s correlation was weak (ρ=0.26). Logistic regression
analysis showed that BMI was significant, while all other
variables were not. The results are shown in Table 2.
At baseline and at the 2-year follow-up, the ODI score
was significantly higher in patients with obesity than in
those who were non-obese. Changes in the ODI score
showed a significant difference between patients who were
obese and those who were non-obese. The patients who
were non-obese experienced significantly greater surgical
success than those who were obese. However, on average,
both groups achieved significant improvements after surgery. The results are shown in Table 3.
Overall, dural tear or spinal fluid leak, nerve injury,
and wrong level surgery were observed in five, one, and
three patients, respectively. No differences were seen between the complication rates of patients who were obese
and non-obese. The mean±SD operative time for singlelevel and two-level stenosis in patients who were obese
and non-obese was 91±10 and 84±9 minutes and 111±12
and 98±11 minutes, respectively. However, there were no
significant differences in operative time between the two
BMI groups.
According to the ROC analysis, the optimal cut-off
value of BMI to predict surgical success was measured as
≤29.1 kg/m2, with 81.1% sensitivity and 82.2% specificity
(AUC, 0.857; 95% CI, 0.788–0.927) (Fig. 1).

0.4

0.2

0
0

0.2

0.4
0.6
1-Specifticity

0.8

1.0

Fig. 1. Receiver operating characteristic curve for body mass index as
a predictor of surgical success in patients with lumbar spinal canal
stenosis (area under the curve, 0.857; 95% confidence interval, 0.788–
0.927; p< 0.001). The optimal cut-off value for maximum sensitivity and
specificity was 29.1.

Discussion
This study demonstrates that BMI effectively reflects surgical success in patients with LSCS. In fact, the optimal
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cut-off value for BMI of <29.1 kg/m2 may be a predictive
indicator for surgical success rate in patients with LSCS.
The results also indicate that patients who are non-obese
have greater surgical success than those who are obese.
A systematic review of 21 studies on pre- and post-operative outcomes in LSCS showed that only one study examined the relationship between outcomes after surgical
treatment and BMI [16], where no significant association
between BMI and outcome was observed [17], perhaps
due to different outcome measures and definition of obesity than those used in our study. Using the Roland Morris Score as an outcome measure, a study by Athiviraham
et al. [9] found a relationship between BMI and poorer
outcome after surgery. However, the findings from studies by Giannadakis et al. [6] and Knutsson et al. [18] were
consistent with our findings. They observed that patients
with BMI ≥30.0 kg/m2 experienced worse outcomes than
patients with BMI <30.0 kg/m2.
The findings from the current study demonstrate that
patients undergoing LSCS surgery who are obese and
non-obese significantly improve in functionality after
surgery; however, patients who are obese experience less
improvement than patients who are non-obese based
on the ODI score, which is consistent with findings by
other studies [6,18,19]. No difference in the ODI score
change was found between patients who were obese and
patients who were non-obese in a study by Rihn et al.
[19], whereas in our study and the study by Knutsson et
al. [18], a slightly lower ODI score change was observed.
This can possibly be explained by the baseline ODI score
or inclusion criteria [19]. In contrast, two recent analyses
reported similar results for patients who were obese (BMI
≥30.0 kg/m2) and patients who were non-obese, with
equal or even greater treatment effects among patients
with BMI ≥30 kg/m2 that was largely due to poor outcome
in the conservative treatment arm, which introduced a
risk for selection bias [19,20]. Several studies have used a
small number of patients with LSCS, rendering it difficult
to make comparisons with the present study [19,21,22].
We believe our study is the first showing a significantly
greater surgical success rate in patients with BMI cut-off
value <29.1 kg/m2, thereby providing excellent sensitivity
and specificity in predicting surgical success in patients
with LSCS. Therefore, a patient’s weight is a parameter
that can be used to predict surgical success. In our study
obesity was defined as 30.0 kg/m2, but the cut-off value to
predict surgical success is 29.1 kg/m2. Patients with BMI
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between 29.1 kg/m2 and 30.0 kg/m2 are considered nonobese; however, their predicted surgical result is poor.
Certainly, the cut-off value of BMI has been calculated for
all patients, without considering obese versus non-obese.
In addition, obesity can be defined in multiple ways.
We observe a weak correlation between morphologic
grade of stenosis and BMI. According to the literature,
no previous studies have assessed this issue. In addition,
several studies on lumbar spine surgery have shown no
difference between the complication rates of patients who
were obese and patients who were non-obese [23-25],
which is consistent with our findings.
To the best of our knowledge, no previous studies have
investigated appropriate cut-off values for BMI indices for
the diagnosis of surgical success in patients with LSCS.
We believe that ethnic and racial differences in the population in other countries may require different cut-off values for the diagnosis of surgical success. To assess patients
with LSCS, there are various factors and measures used to
predict surgical success, including a Visual Analog Scale
(VAS), the ODI score, radiologic results, and neurological
status. In addition, the ODI score is one of the most valuable factors for functional result. However, it is argued
that none of these instruments can be considered as a gold
standard. Accordingly, we need more specific measures
to evaluate patients and to identify ways to improve care.
However, additional research is needed to assess the discriminant power of the tools [26].
There are some limitations in our study. First, because
this is a cross-sectional study in nature, the results may
not be generalizable to other populations. Comprehensive
multicenter studies are needed to confirm the absence or
presence of generalizability of the findings. Second, the
numbers of patients in the two groups are vastly different; however, no significant differences were observed in
the two groups based on morphologic grade (Table 2).
Therefore, larger studies are needed to confirm our findings. Third, the results were evaluated at 2-year follow-up.
A study with longer follow up may provide more clinically relevant information. Fourth, age, sex, self-reported
weight, and height may have caused bias in the estimates
[27]. Fifth, infection rates, length of stay, and VAS levels for leg and back pain were not assessed in this study.
Sixth, medical co-morbidities may impact on the severity of symptoms and surgical outcomes. These should
be studied as well, particularly because patients who
are obese are more likely to experience these. Seventh,
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preoperative clinical severity in terms of the ODI score
was different between patients who are obese and those
who are non-obese, which may have caused bias in the
results. However, ≥30% improvement from the baseline
ODI scores is considered as surgical success. Finally, postoperative weight loss in obese individuals may reduce
back and leg pain and improve function [28,29]. Further
studies are needed to clarify this issue.

Conclusions
2

7.
8.

9.

BMI cut-off value of <29.1 kg/m can be considered as a
parameter for predicting surgical success in patients with
LSCS and can be useful in clinical practice.
10.
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