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Study Design: Retrospective cohort study.
Purpose: This study aims to analyze the relationship between body mass index (BMI) subjective patient-reported outcomes (PRO)  
after 1- and 2-level anterior cervical discectomy and fusion (ACDF). 
Overview of Literature: The prevalence of cervical spondylosis and ACDF in expected to continue rising among the aging population 
of Asia. Moreover, the prevalence of obesity is also increasing. However, limited information is available about the mechanism by 
which BMI affects PRO after ACDF.
Methods: Total 878 patients underwent ACDF between 2000 and 2015. After excluding patients with previous cervical instrumenta-
tion, >2 levels fused, missing BMI measurement, or neoplastic/trauma indication for surgery, 535 patients were included. The PRO 
measures of the Neck Disability Index, Numerical Pain Rating Scale (NPRS) for Neck Pain, NPRS for Limb Pain, American Academy 
of Orthopaedic Surgeons–Neurogenic Symptom Score, and Japanese Orthopaedic Association myelopathy score were used. Patients 
were grouped based on their preoperative BMI, as per the World Health Organization guidelines for Asian populations. PRO scores 
were collected preoperatively, at 6 months postoperatively, and 2 years postoperatively. A generalized linear model was used to ana-
lyze the relationship of BMI category with the individual score, accounting for several factors that are likely to affect the outcomes.
Results: Total 19 (3.4%) were underweight, 155 (28.0%) were normal weight, 112 (20.3%) were overweight, and 267 (48.3%) were 
obese. Patients across all BMI categories experienced significant and similar improvements in their postoperative PRO scores. There 
were no significant differences in the preoperative, 6-month postoperative, and 2-year postoperative PRO scores of the groups. Rate 
of reoperation was highest in patients with grade II obesity at 8.07%; however, the difference was not statistically significant.
Conclusions: Irrespective of the BMI, all patients exhibited similar satisfactory outcomes following ACDF. The results support sur-
gery in all subgroups of patients with symptomatic nerve compression in the cervical spine.
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Introduction

Anterior cervical discectomy and fusion (ACDF) is cur-
rently regarded as the gold standard for the treatment of 
cervical radiculopathy and myelopathy, especially in the 
context of cervical spondylosis. With a rapidly ageing 
global population, the prevalence of spondylosis and the 
need for ACDF is expected to increase. Along with age, 
the prevalence of obesity is also on the rise in the global 
population. In 2014, the reported global prevalence of 
obesity was 30%, affecting 2.1 billion people. These trends 
underscore the importance of understanding the role 
of body mass index (BMI) in affecting the outcomes of 
ACDF [1].

Multiple studies have shown that obese patients have 
higher rates of complications, readmissions, reoperations, 
as well as higher costs in spinal fusion surgeries and elec-
tive spinal surgeries in general [2-7]. In 2016, Higgins et 
al. [2] reported that there was an increased rate of deep 
surgical site infections and major medical complications 
including stroke, myocardial infarction, and acute kid-
ney injury in obese patients after spinal fusion surgeries. 
However, to our knowledge, detailed examination of the 
subjective patient-reported outcome scores (PROS) has 
not been conducted in the context of ACDF. Our research 
question was: Does BMI affect patient satisfaction and 
quality of life, as measured by PROS, in the context of 
ACDF?

The authors hypothesize that patients belonging to the 
two ends of the BMI spectrum may exhibit poorer PROS 
after ACDF because of both surgical and non-surgical fac-
tors. Obese patients may require longer operating time 
with greater degree of soft tissue dissection and longer 
periods of immobility. They also have a greater burden of 
comorbidities that may prevent them from fully benefit-
ting from the ACDF. Furthermore, obesity is also linked to 
lower socioeconomic status in developed economies that 
is itself linked to poorer outcomes in many surgical proce-
dures [8]. In contrast, in underweight, malnourishment, 
and nutritional deficiency are known factors that contrib-
ute to poor wound healing and longer recovery periods.

Previous studies on the predictors of ACDF outcomes 
have also identified positive predictors, such as young age, 
shorter duration of symptoms, isolated radicular pain, 
male sex, and a low preoperative Neck Disability Index 
(NDI) score [9,10]. However, few studies have included 
BMI and those that had included BMI compared the 

obese group against the normal-weight group. This was 
based on the hypothesis that any inferior outcome would 
be in the obese groups. In addition, existing studies have 
analyzed only the Western population, wherein BMI, co-
morbidity, and patient characteristics differ significantly 
from those in Asian populations. This study aimed to 
study the impact of BMI on the PROS after ACDF in an 
Asian population and determine if BMI should be consid-
ered while performing ACDF for patients.

Materials and Methods

This retrospective cohort study was based on a prospec-
tively collected database maintained by a team of trained 
physiotherapists. Patients were independently assessed by 
the team preoperatively and then at 6 months and 2 years 
postoperatively. Patient progress was tracked through the 
relevant scoring systems, and measurements were taken at 
each assessment. Total 878 patients were identified to have 
undergone an ACDF in the 15-year period between 2002 
and 2017. As per the inclusion criteria, patients aged >18 
years who had undergone one- or two-level ACDF for ra-
diculopathy, myelopathy, or myeloradiculopathy were in-
cluded. As per the exclusion criteria, patients with missing 
data; those lost to follow-up, trauma, and malignancy; or 
those with a history of previous cervical spine instrumen-
tation were excluded. Total 65 patients were first excluded 
because of missing BMI values. Further, 177 patients were 
then excluded because they did not return for follow-up at 
the Orthopaedic Diagnostic Center. Of these 177, 16 died 
because of causes unrelated to the ACDF. Total 78 patients 
were lost to follow-up because of unexplained non-atten-
dance. Another 80 patients were excluded because they 
underwent fusion of more than two cervical segments. 
Finally, three patients were excluded because they had 
undergone previous cervical instrumentation, and the 553 
remaining patients were included in this study.

This paper was exempted from the IRB approval as all 
data are anonymized and untraceable. For the same rea-
son, patient consent was not required.

1. Parameters

Preoperative data on age, sex, weight, height, BMI, dia-
betes mellitus (DM), and other comorbidities were col-
lected. We used the following scoring systems: the NDI, 
the American Academy of Orthopaedic Surgeons–Neu-
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rogenic Symptom Score (AAOS–NSS), and the 11-point 
Numerical Pain Rating Scale (NPRS) that was used for 
Limb Pain (NPRS–LP) and Neck Pain (NPRS–NP). The 
NPRS is scored on a scale ranging from 0–10, with 0 in-
dicating no pain and 10 indicating maximum pain. The 
Japanese Orthopaedic Association (JOA) score was also 
included for patients with myelopathy or myeloradicu-
lopathy. Patient satisfaction was recorded as the response 
to the question “How would you rate the overall results of 
your treatment for neck or arm pain?”, as adapted from 
Question 53 in the AAOS Cervical Instrument Question-
naire. Patients chose from a 6-point scale to indicate their 
level of satisfaction. All these measurements were per-
formed preoperatively and repeated postoperatively at the 
6 months and 2 years after the surgery, when the patients 
were again assessed by the physiotherapists.

2. Data analyses

BMI is calculated as the weight (kg) divided by the height 
(m2) (BMI=weight/height2). For the main purpose of this 
study, the Asian classification of BMI established by the 
World Health Organization (WHO) task force in 2002 
was used. Owing to the inherent differences in body com-
position and risks between the Asian and Western popu-
lations, this separate BMI classification system is used in 
public health planning and everyday clinical practice in 
Asia. The categories were as follows: underweight (BMI, 
<18.5 kg/m2), normal (BMI, 18.5–22.9 kg/m2), overweight 
(BMI, 23–24.9 kg/m2), obese I (BMI, 25–29.9 kg/m2), and 
obese II (BMI, >30 kg/m2). In addition, we performed an 
analysis based on the WHO classification of BMI catego-
ries to allow a comparison with the existing literature that 
have used the WHO classification. The WHO BMI cate-
gories are underweight (BMI, <18.5 kg/m2), normal (BMI, 
18.5–24.9 kg/m2), overweight (BMI, 25–29.9 kg/m2), and 
obese (BMI, >30 kg/m2). Subdivision of the WHO obese 
category was not possible due to the small sample size.

A further subgroup analysis was performed, examining 
one-level and two-level ACDF separately, using the Asian 
BMI classification. For the subgroup analysis, the obese I 
and obese II groups are merged into the obese group.

Baseline patient characteristics were analyzed with the 
Student t-test for continuous variables and Pearson chi-
square for categorical variables. Outcome variables and 
PROS were analyzed using a general linear model to as-
sess the significant differences between the BMI groups. 

The models were adjusted for age, sex, smoking status, 
depression, and DM. All the statistical analyses were per-
formed using IBM SPSS Statistics for Macintosh ver. 24.0 
(IBM Corp., Armonk, NY, USA). The level of significance 
was set at 0.05.

Results

Of the 553 patients, 19 (3.4%) were underweight, 155 
(28.0%) were normal weight, 112 (20.3%) were over-
weight, and 267 (48.3%) were obese. Of the obese group, 
205 (37.1%) were in obese-I category and 62 (11.2%) were 
in obese-II category. The mean BMI was 25.2±4.42 kg/m2, 
ranging from 14.03–52.59 kg/m2. Only five patients had 
BMI >40 kg/m2. The mean age was 54.0±10.5 years. There 
were no significant differences among the four categories 
in terms of age, sex, smoking status, depression, or pro-
portion of myelopathy cases. DM was significantly associ-
ated with higher BMI categories (p≤0.001), in line with 
the known epidemiology of DM. The patient demography 
is further detailed in Table 1.

Reflecting the focus of this paper on an Asian popula-
tion, of the 553 patients, 468 (84.6%) were Chinese, 32 
(5.79%) were Indian, and 42 (7.59%) were Malay. The 
remaining 11 (1.99%) included a mix of Eurasian and 
Caucasian patients. This is reflective of the general resi-
dent population of Singapore, with 74.3% Chinese, 9.0% 
Indians, 13.4% Malay, and 3.3% other subjects.

1.Patient-reported outcome scores

The result of our multivariate analysis, after adjusting for 
gender, sex, smoking status, depression, and DM revealed 
that patients across all five BMI categories experienced 
similar levels of improvements in their postoperative 
PROS. There were no significant differences among the 
groups in any of the preoperative as well as 6-month and 
2-year postoperative PROS (Table 1). Performing the 
analysis using the WHO BMI classification also provided 
same findings in the four BMI categories (Table 2).

2. Length of procedure and stay

Length of procedure and stay were analyzed using univar-
iate analyzed, and no significant differences were found 
among the five groups.
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Table 1. Patient demographics and analysis by Asian body mass index categories

Characteristic Underweight
(N=19)

Normal weight 
(N=155)

Overweight 
(N=112)

Obese I 
(N=205)

Obese II
 (N=62) Power p-value

Age (yr) 58.58±9.59   54.83±11.03 53.77±9.03   54.04±10.17   51.99±10.62 - 0.128

Gender - 0.056

Male 10   71 65 126 34

Female   9   84 47 79 28

Diabetes   0   17 12 42 18 - 0.001

Ischemic heart disease   1     1   6 18   6 0.013

Arthritis   4   13 10 23   5 0.436

Depressive disorder   1     6   2 4   2 0.708

Smoking 11 111 90 156 51 - 0.112

Depression   1     6   2 4   2 - 0.711

Length of stay (day)   4.86±5.93   3.93±6.53   3.03±1.84    3.00±1.90   3.54±4.27 - 0.172

Length of procedure (min) 135.47±38.64 134.53±75.74 128.47±42.55 128.61±36.04 140.81±55.82 - 0.575

Myelopathy/myeloradiculopathy      13 (68.4)     82 (52.9)     59 (52.7)   104 (50.7)      39 (62.9) - 0.333

Level fused - 0.262

One        8 (42.1)     83 (53.5)     56 (50.0)     98 (47.8)      23 (37.1)

Two      11 (57.9)     72 (46.5)     56 (50.0)   107 (52.2)      39 (62.9)

NDI

Preop   38.54±23.94   35.67±21.65  31.33±20.32   33.07±19.74   36.50±20.91 0.224 0.623

6 mo 10.69±8.91   18.31±18.41  11.61±11.34   15.76±15.34   15.72±15.45 0.616 0.063

2 yr   15.00±18.83   14.11±16.77    8.90±11.02   13.61±16.43   14.00±16.26 0.616 0.183

AAOS–NSS

Preop   45.96±28.64   51.06±26.72  49.38±27.18   51.05±26.50   52.31±24.25 0.100 0.940

6 mo   15.09±18.74   15.09±18.74  17.83±21.66   19.15±23.26   15.05±20.47 0.454 0.155

2 yr   13.82±17.95   18.14±22.71  16.68±21.66   17.42±23.55   19.89±22.98 0.175 0.865

NPRS–LP

Preop   3.79±3.97   3.83±3.63  3.73±3.55   4.15±3.58   4.16±3.55 0.204 0.729

6 mo   0.90±2.38   1.23±2.31  1.00±2.00   1.17±2.32   0.97±1.97 0.087 0.877

2 yr   0.42±1.31   1.04±2.31  0.77±1.99   1.13±2.49   1.16±2.25 0.293 0.577

NPRS–NP

Preop   3.90±3.43   4.85±3.23  4.32±3.21   4.58±3.31   4.37±3.48 0.197 0.636

6 mo   0.79±1.96   1.67±2.63  1.18±2.31   1.91±2.77   1.45±2.67 0.575 0.071

2 yr   0.95±2.15   1.55±2.68  1.10±2.27   1.60±2.71   1.52±2.65 0.391 0.436

JOA

Preop 12.25±3.79 11.41±3.37 12.81±2.84 12.23±2.91 11.51±3.77 0.709 0.066

6 mo 14.60±2.19 13.96±2.97 15.15±2.10 14.54±2.60 14.82±2.62 0.673 0.070

2 yr 15.00±2.58 14.38±2.98 15.41±2.03 14.77±2.42 14.49±2.81 0.715 0.099

AA OS-53 (no. of patients who answered ‘poor’ or ‘terrible’)

6 mo 2     9 2 17 4 0.199

2 yr 2     9 5 17 3 0.600

Change in NDI

6 mo   19.05±25.02   14.89±22.07  17.15±20.07   14.98±17.72   17.08±22.72 0.167 0.723

(Continued on next page)
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3. Rates of reoperation

Of the 553 patients, 26 (4.70%) subsequently underwent 
reoperation of the cervical spine. Twenty-four patients 
underwent another ACDF because of adjacent segment 
disease, while the remaining two underwent posterior re-
vision surgery because of recurrent instability at the origi-
nal fused segments. Comparing the rates of reoperation 
across the BMI categories showed that the rate was high-
est in the obese-II category subjects (5 [8.07%]). However, 
chi-square test revealed that the difference in the reopera-
tion rates was not significant (Table 3).

4. Subgroup analyses

A multivariate subgroup analysis was performed on one-
level and two-level ACDFs separately. In the one-level 
analysis, all four BMI categories were associated with 
similar levels of improvement after surgery. They also 
achieved similar levels of PROS at 6 months and 2 years 
postoperatively (Table 4).

In the two-level analysis, it is observed that at 6 months 
after the surgery, the overweight group had significantly 
better NDI (p=0.012), JOA (p=0.019), and NPRS–NP 
(p=0.047) scores than the other groups. However, there 
were no differences in the postoperative degree of im-

provement among the four groups (Table 5).

Discussion

The choice of PROM in this study is based on previous 
research that has proven the validity and reliability of 
these PROS [11]. With the use of PROS, the minimum 
clinically important difference (MCID) has to be defined. 
In this study, the MCID for NDI was set at 16 and JOA 
at 1, based on past validation studies [12,13]. The use of 
multiple PROS allows for more complete assessment of 
the outcome. While the NPRS focuses on the assessment 
of pain, the NDI has a larger focus on the daily functions 
and quality of life.

This study was conducted for multiple reasons. First, 
while many studies have shown that perioperative compli-
cations were more common in obese subjects after ACDF, 
only one study has examined the impact of obesity on 
PROS after ACDF [14]. However, this study by Sielatycki 
et al. [14] enrolled fewer subjects (299 patients) and had a 
shorter follow-up period of 1 year. The impact of BMI on 
long-term patient-reported outcomes in ACDF remains 
unclear. There is an increasing recognition of the impor-
tance of PROS as a measure of successful and meaningful 
treatment because these scores are designed to assess the 
actual quality of life and satisfaction, rather than only 

Characteristic Underweight
(N=19)

Normal weight 
(N=155)

Overweight 
(N=112)

Obese I 
(N=205)

Obese II
 (N=62) Power p-value

2 yr   15.32±27.41   18.09±22.88  19.46±20.49   16.95±20.42   18.69±22.89 0.148 0.837

Change in AAOS–NSS

6 mo 30.88±30.10 28.65±27.98 31.55±26.38 31.90±27.94 37.26±29.37 0.417 0.281

2 yr 32.14±27.00 32.92±31.06 32.70±27.52 33.63±27.59 32.42±30.68 0.120 0.984

Change in NPRS–LP

6 mo 2.90±3.94 2.60±3.50 2.73±3.40 2.97±3.51 3.19±3.64 0.226 0.865

2 yr 3.37±3.53 2.79±3.85 2.96±3.46 3.02±3.62 3.00±3.63 0.136 0.668

Change in NPRS–NP

6 mo 3.11±3.30 3.18±3.28 3.14±3.51 2.67±3.60 2.92±3.50 0.110 0.810

2 yr 2.95±3.32 3.31±3.54 3.22±3.29 2.98±3.64 2.86±3.51 0.106 0.939

Change in JOA

6 mo 1.74±2.65 1.58±3.57 1.50±2.54 1.40±2.92 2.35±3.38 0.418 0.338

2 yr 2.03±3.72 1.68±4.28 1.26±3.74 1.41±3.83 2.35±3.31 0.338 0.434

Values are presented as mean±standard deviation, number, or number (%).
Preop, preoperative; NDI, Neck Disability Index; AAOS–NSS, American Academy of Orthopaedic Surgeons–Neurogenic Symptom Score; NPRS–LP, Numerical Pain Rat-
ing Scale for Limb Pain; NPRS–NP, Numerical Pain Rating Scale for Neck Pain; JOA, Japanese Orthopaedic Association.

Table 1. Continued
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Table 2. Analysis by the World Health Organization body mass index categories

Variable Underweight (N=19) Normal weight (N=267) Overweight (N=205) Obese (N=62) p-value

NDI

Preop 38.54±23.94 33.84±21.16 33.07±19.74   36.50±20.91 0.643

6 mo 10.69±8.91 15.47±16.13 15.76±15.34   15.72±15.45 0.622

2 yr 15.00±18.83 11.94±14.85 13.61±16.43   14.00±16.26 0.559

AAOS–NSS

Preop 45.96±28.64 50.35±26.88 51.05±26.50   52.31±24.25 0.854

6 mo 15.09±18.74 20.48±23.38 19.15±23.26   15.05±20.47 0.182

2 yr 13.82±17.95 17.53±22.25 17.42±23.55   19.89±22.98 0.744

NPRS–LP

Preop 3.79±3.97 3.79±3.59 4.15±3.58   4.16±3.55 0.570

6 mo 0.90±2.38 1.14±2.18 1.17±2.32   0.97±1.97 0.832

2 yr 0.42±1.31 0.93±2.18 1.13±2.49   1.16±2.25 0.468

NPRS–NP

Preop 3.90±3.43 4.63±3.23 4.58±3.31   4.37±3.48 0.737

6 mo 0.79±1.96 1.47±2.51 1.91±2.77   1.45±2.67 0.071

2 yr 0.95±2.15 1.36±2.52 1.60±2.71   1.52±2.65 0.485

JOA

Preop 12.25±3.79 11.98±3.23 12.23±2.90 11.51±3.77 0.285

6 mo 14.60±2.19 14.45±2.71 14.54±2.60 14.82±2.62 0.654

2 yr 15.00±2.58 14.79±2.68 14.77±2.42 14.49±2.81 0.494

AAOS-53 (no. of patients who answered ‘poor’ or ‘terrible’)

6 mo 2 11 17 4 0.243

2 yr 2 14 17 3 0.464

NDI

6 mo 19.05±25.02 15.84±21.25 14.98±17.72   17.08±22.72 0.824

2 yr 15.32±27.41 18.67±21.88 16.95±20.42   18.69±22.89 0.828

AAOS–NSS

6 mo 30.88±30.10 29.87±27.30 31.90±27.94   37.26±29.37 0.254

2 yr 32.14±27.00 32.82±29.58 33.63±27.59   32.42±30.68 0.945

NPRS–LP

6 mo 2.90±3.94 2.65±3.45 2.97±3.51   3.19±3.64 0.553

2 yr 3.37±3.53 2.86±3.69 3.02±3.62   3.00±3.63 0.800

NPRS–NP

6 mo 3.11±3.30 3.16±3.37 2.67±3.60   2.92±3.50 0.663

2 yr 2.95±3.32 3.27±3.43 2.98±3.64   2.86±3.51 0.858

JOA

6 mo 1.74±2.65 1.55±3.17 1.40±2.92   2.35±3.38 0.209

2 yr 2.03±3.72 1.50±4.06 1.41±3.83   2.35±3.31 0.335

Values are presented as mean±standard deviation.
NDI, Neck Disability Index; Preop, preoperative; AAOS–NSS, American Academy of Orthopaedic Surgeons–Neurogenic Symptom Score; NPRS–LP, Numerical Pain Rat-
ing Scale for Limb Pain; NPRS–NP, Numerical Pain Rating Scale for Neck Pain; JOA, Japanese Orthopaedic Association.
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clinical symptoms.
Moreover, previous studies on ACDF and its relation-

ship with BMI have noted a close association between 
increasing BMI and poorer objective outcomes [2,4,6]. 
However, we disagree with this, given our experience 
with the Singaporean population, with marginal increase 
in the reoperation rates across various BMI groups as an 
example. One possible reason for this is the association of 
lower BMI with osteoporosis [15].

Second, most studies, including the one study men-
tioned earlier, were performed on Western populations. 
The results of these studies may not be applicable to Asian 
populations owing to the known differences in BMI, body 
proportion, and body composition. For example, in the 
study by Sielatycki et al. [14], 26.8% of the patients had a 
BMI >35 kg/m2, compared to a mere 2.9% in our study 
sample. Even in the same BMI range, Asian individuals 
had a very different risk profile than Western individuals 
for many BMI-related conditions [16]. At the same time, 
the Asian population is experiencing a steady increase in 
the obesity rates. Hence, there is an actual need for a study 
that examines the relationship between BMI and PROS in 
an Asian population.

Finally, many studies have limited themselves to com-
paring obese patients against normal-weight patients. This 
is based on the hypothesis that only obese subjects experi-
enced inferior outcomes. However, we believe that under-
weight patients may be at higher risk of poorer outcomes 
because of reasons, such as malnutrition, underlying 
comorbidities, and smaller cervical spinal muscle mass. 
Hence, in this study, we compared the five BMI categories, 
rather than simplify the comparison to obese and non-
obese groups.

The mix of PROS that were utilized in this study en-
compassed three main areas—neck pain, neurogenic 
pain, and function. The results show that no BMI category 
experienced statistically or clinically different PROS 
than other BMI groups. Moreover, all five BMI groups 
exhibited similar levels of improvement in their PROS. 
The results suggest that in our population, patients across 
all BMI subgroups can expect to experience meaning-

ful symptom reduction following ACDF. Moreover, the 
degree of benefit is comparable across BMI groups. Our 
results give clinicians the confidence to correctly counsel 
patients for ACDF, irrespective of their BMI. However, the 
authors would like to stress that obese patients should still 
be counseled on the numerous other general health ben-
efits of weight loss. In addition, several studies have found 
obesity to be significantly associated with neck and lower 
back pain [17].

Many other studies have investigated the impact of obe-
sity on other spine surgeries. Seicean et al. [18] looked at 
the impact of BMI on the objective outcomes on elective 
spinal surgery in general. They found that after propensity 
matching, patients with BMI >40 kg/m2 had increased 
odds of complications, readmissions, and reoperations. 
Kalanithi et al. [6] found that morbid obesity (BMI >40 
kg/m2) is associated with higher in-hospital complications, 
mortality, and costs in spinal fusion surgeries. Schoenfeld 
et al. [19], in a large prognostic study, found that increas-
ing BMI was associated with complications, although the 
association was much stronger with minor complications 
rather than with major complications. Conversely, Buerba 
et al. [20] found that obesity was not associated with 
greater incidence of postoperative complications in their 
study examining anterior and posterior cervical fusions. 
Based on these other studies, it appears that the risks 
of perioperative complications increase significantly in 
morbidly obese patients with BMI >40 kg/m2, while those 
with lower grades of obesity (BMI <40 kg/m2) do not have 
significantly higher risks. With this study, it is evident that 
subjective outcomes, in the form of PROM scores, are not 
compromised in those with lower grades of obesity.

Our results revealed that while the obese II group had 
the highest reoperative risk at 8.07%, the difference was 
not significant (p=0.453). This is in contrast to some re-
ports that had found greater risk of reoperation in mor-
bidly obese patients with BMI >40 kg/m2. However, in the 
author’s experience, extremes of BMI, both high and low, 
are often associated with significant comorbidities and 
mortality that would preclude patients from undergoing 
revision surgery even if clinically warranted. Thus, the 

Table 3. Reoperation rates

Underweight (N=19) Normal weight (N=155) Overweight (N=112) Obese I (N=205) Obese II (N=62) p-value

No. of reoperations 1 (5.26) 9 (5.81) 5 (4.46) 6 (2.93) 5 (8.07) 0.453

Values are presented as number (%).
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Table 4. One-level subanalysis

Variable Underweight (N=8) Normal weight (N=83) Overweight (N=56) Obese (N=120) p-value

NDI

Preop 35.00±19.20 36.63±22.32 33.52±20.63 38.70±19.04 0.554

6 mo 8.20±5.89 17.38±19.21 13.71±13.53 17.88±16.46 0.366

2 yr 17.50±21.08 12.34±15.49 9.76±11.38 15.05±17.31 0.194

AAOS–NSS

Preop 48.33±27.20 53.73±28.05 55.37±27.14 54.76±25.00 0.837

6 mo 15.42±19.67 22.25±25.48 19.17±24.23 21.27±24.96 0.886

2 yr 13.33±13.80 14.70±23.12 18.08±23.85 19.68±24.73 0.463

NPRS–LP

Preop 3.25±3.81 4.05±3.73 4.25±3.47 4.73±3.40 0.279

6 mo 0.88±2.47 1.26±2.38 1.45±2.44 1.30±2.37 0.860

2 yr 0.38±1.06 0.67±1.94 0.98±2.28 1.26±2.55 0.209

NPRS–NP

Preop 4.38±2.92 4.96±3.11 4.51±3.27 4.94±3.31 0.815

6 mo 1.38±2.67 1.62±2.53 1.57±2.58 1.88±2.87 0.644

2 yr 1.25±2.82 1.23±2.38 1.25±2.52 1.78±2.79 0.231

JOA

Preop 11.40±4.92 11.37±3.61 12.44±3.02 11.55±3.41 0.659

6 mn 15.00±3.14 13.82±3.35 14.61±2.49 13.84±3.11 0.624

2 yr 15.90±1.67 14.25±3.34 15.16±2.23 14.11±3.06 0.369

AAOS-53 (no. of patients who answered ‘poor’ or ‘terrible’)

6 mo 0 7 2 11 0.484

2 yr 0 5 4 10 0.799

Change in NDI

6 mo 16.75±19.51 16.90±22.96 16.98±21.53 17.31±19.35 0.985

2 yr 8.75±32.35 20.77±22.46 20.02±21.38 19.83±21.75 0.526

Change in AAOS–NSS

6 mo 32.92±26.03 31.49±29.91 36.20±27.20 33.49±29.26 0.830

2yr 35.00±22.75 39.04±33.06 37.29±28.65 35.08±29.60 0.914

Change in NPRS–LP

6 mo 2.34±4.14 2.79±3.71 2.80±3.18 3.43±3.72 0.427

2 yr 2.88±3.14 3.37±3.93 3.27±3.41 3.47±3.76 0.960

Change in NPRS–NP

6 mo 3.00±3.12 3.34±3.14 2.94±4.00 3.06±3.83 0.903

2 yr 3.13±3.18 3.73±3.51 3.26±3.47 3.16±3.91 0.714

Change in JOA

6 mo 2.25±2.52 1.46±3.44 1.28±2.82 1.15±2.51 0.901

2 yr 2.81±3.55 1.56±4.89 1.06±4.24 1.55±3.17 0.761

Values are presented as mean±standard deviation.
NDI, Neck Disability Index; Preop, preoperative; AAOS–NSS, American Academy of Orthopaedic Surgeons–Neurogenic Symptom Score; NPRS–LP, Numerical Pain Rat-
ing Scale for Limb Pain; NPRS–NP, Numerical Pain Rating Scale for Neck Pain; JOA, Japanese Orthopaedic Association.
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Table 5. Two-level subanalysis

Variable Underweight (N=11) Normal weight (N=72) Overweight (N=56) Obese (N=147) p-value

NDI

Preop 40.75±27.52 34.56±20.96 29.22±20.00 30.04±20.01 0.432

6 mo 12.25±10.44 19.34±17.59 9.63±8.49 14.08±14.21 0.012

2 yr 13.13±18.22 16.11±18.01 8.04±10.69 12.64±15.55 0.083

AAOS–NSS

Preop 44.24±30.84 47.97±24.95 43.39±26.10 48.52±26.47 0.869

6 mo 14.85±18.99 22.58±23.36 16.49±18.86 15.66±20.33 0.068

2 yr 14.18±21.13 22.11±21.72 15.29±19.35 16.60±22.22 0.214

NPRS–LP

Preop 4.18±4.21 3.57±3.52 3.21±3.60 3.67±3.64 0.670

6 mo 0.91±2.43 1.19±2.24 0.56±1.30 0.98±2.13 0.385

2 yr 0.45±1.51 1.46±2.63 0.55±1.64 1.03±2.34 0.185

NPRS–NP

Preop 3.55±3.86 4.74±3.39 4.13±3.17 4.20±3.35 0.669

6 mo 0.36±1.21 1.74±2.75 0.79±1.95 1.74±2.65 0.047

2 yr 0.73±1.62 1.92±2.97 0.95±2.00 1.42±2.60 0.146

JOA

Preop 12.72±3.25 11.45±3.13 13.13±2.68 12.41±2.91 0.135

6 mo 14.39±1.65 14.11±2.53 15.62±1.60 15.14±2.03 0.019

2 yr 14.50±2.94 14.52±2.56 15.62±1.85 15.13±1.94 0.220

AAOS-53 (no. of patients who answered ‘poor’ or ‘terrible’)

6 mo 2 2 0 10 0.030

2 yr 2 4 1 10 0.180

NDI

6 mo 20.73±29.21 12.57±20.92 17.32±18.69 13.95±18.59 0.377

2 yr 20.09±23.67 15.00±23.12 18.91±19.73 15.29±20.18 0.466

AAOS–NSS

6 mo 29.39±33.92 25.39±25.39 26.90±24.91 32.85±27.60 0.185

2 yr 30.06±30.63 25.86±27.14 28.11±25.79 31.92±27.17 0.458

NPRS–LP

6 mo 3.27±3.95 2.38±3.24 2.65±3.63 2.69±3.34 0.570

2 yr 3.73±3.90 2.11±3.67 2.66±3.52 2.64±3.46 0.230

NPRS–NP

6 mo 3.18±3.57 3.00±3.46 3.34±2.97 2.46±3.33 0.328

2 yr 2.82±3.57 2.82±3.53 3.18±3.12 2.77±3.33 0.871

JOA

6 mo 1.36±2.80 1.72±3.72 1.73±2.23 2.01±3.40 0.630

2 yr 1.46±3.91 1.81±3.49 1.46±3.17 1.69±4.15 0.780

Values are presented as mean±standard deviation.
NDI, Neck Disability Index; Preop, preoperative; AAOS–NSS, American Academy of Orthopaedic Surgeons–Neurogenic Symptom Score; NPRS–LP, Numerical Pain Rat-
ing Scale for Limb Pain; NPRS–NP, Numerical Pain Rating Scale for Neck Pain; JOA, Japanese Orthopaedic Association.
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similar reoperation rates may mask the actual differences 
in the underlying rates of symptom recurrence or devel-
opment of adjacent segment pathology among the BMI 
categories.

However, in our subgroup analysis of patients who 
underwent two-level ACDF, we found that overweight 
patients had significantly better scores for the NDI, JOA, 
and NPRS–NP than the normal weight group at 6 months 
after surgery. While this was unexpected, the differences 
did not meet the MCID for the respective PROS. We also 
noted that the overweight group had better preopera-
tive PROS, although the differences were not significant. 
Additionally, there were no differences in the degree of 
improvement the groups after surgery. At 2 years after the 
surgery, there were no significant differences in the PROS.

There are several strengths of this study. First, the rela-
tively large sample size increased the statistical power 
and robustness of our analysis. This also ensures good 
representation of the local population in Singapore that 
is evidently different from the population studied previ-
ously. Second, the data used in this study were collected 
prospectively by a physiotherapist who was well versed 
and competent in administering the PROS questionnaire. 
This ensures the reliability and validity of our results and 
conclusions. Lastly, the use of multiple validated PROM 
allows for a more holistic and comprehensive assessment 
of the functional outcome of the patients.

There are several potential limitations in this study. The 
exclusion of patients who did not undergo follow-up at 
the 6-month and 2-year postoperative follow-up may have 
caused selection bias. Patients who were well and asymp-
tomatic may have missed the follow-up, while those who 
were symptomatic and required revision would be more 
likely to present for follow-up. This may lead to an overes-
timation of the rate of revision surgery and underestima-
tion of improvements in the PROS.

In addition, there may be potential confounders that we 
have failed to account for, masking an underlying impact 
of BMI on the PROS. For example, patient socioeconomic 
and demographic data were not collected and could not 
be adjusted for in the analysis. However, these have been 
suggested to affect the treatment outcome in other ortho-
pedic procedures [8]. Other potential confounders could 
be other medical comorbidities, including psychiatric 
conditions linked to BMI that could impact our PROS.

Conclusions

Irrespective of the BM, patients exhibited similar out-
comes following ACDF and showed equal levels of im-
provements and satisfaction. The results support surgery 
in all the subgroups of patients with symptomatic nerve 
compression in the cervical spine.
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