
Following Anterior Cervical Discectomy and Fusion
Recovery of Physical Function Based on Body Mass Index

Geoghegan, Caroline N. Jadczak and Kern Singh
Elliot D.K. Cha, Conor P. Lynch, James M. Parrish, Nathaniel W. Jenkins, Shruthi Mohan, Cara E.

http://ijssurgery.com/content/15/6/1123
https://doi.org/10.14444/8143doi: 

2021, 15 (6) 1123-1132Int J Spine Surg 

This information is current as of May 26, 2023.

Email Alerts
http://ijssurgery.com/alerts
Receive free email-alerts when new articles cite this article. Sign up at: 

© 2021 ISASS. All Rights Reserved. 
Aurora, IL 60504, Phone: +1-630-375-1432
2397 Waterbury Circle, Suite 1,
The International Journal of Spine Surgery

 by guest on May 26, 2023http://ijssurgery.com/Downloaded from  by guest on May 26, 2023http://ijssurgery.com/Downloaded from 

https://doi.org/10.14444/8143
http://ijssurgery.com/content/15/6/1123
http://jpm.iijournals.com/alerts
http://ijssurgery.com/
http://ijssurgery.com/


International Journal of Spine Surgery, Vol. 15, No. 6, 2022, pp. 1123–1132
https:// doi. org/ 10. 14444/ 8143
© International Society for the Advancement of Spine Surgery

Recovery of Physical Function Based on Body Mass 
Index Following Anterior Cervical Discectomy and Fusion

Elliot D.K. Cha, MS1; Conor P. lynCh, MS1; JaMES M. ParriSh, MD1; nathaniEl W. JEnKinS, MD1; 
Shruthi Mohan, BS1; Cara E. GEoGhEGan, BS1; CarolinE n. JaDCzaK, BS1; anD KErn SinGh, MD1

1Department of Orthopaedic Surgery, Rush University Medical Center, Chicago, IL, USA

ABstRACt
Background: Body mass index (BMi) serves as a risk factor for complications and poorer outcomes following anterior 

cervical discectomy and fusion (aCDF). this study investigates the association between BMi and Patient reported outcomes 
Measurement information System physical function (ProMiS- PF) following aCDF.

Methods: a prospectively maintained surgical registry was retrospectively reviewed for cervical spine surgeries 
between 2015 and 2019. included patients underwent elective primary, single, or multilevel aCDF and were excluded for 
missing preoperative ProMiS- PF. Patients were stratified into 4 groups based on BMi score. associations of demographic 
and perioperative characteristics with BMi groups were analyzed using either χ2 test or t test. ProMiS- PF was evaluated 
preoperatively and 6 weeks, 12 weeks, 6 months, 1 year, and 2 years postoperatively using linear regression. Delta improvement 
in ProMiS- PF was evaluated at all time points.

Results: the 128 study cohort had 74 patients the nonobese, 27 in the obese i, 19 in the obese ii, and 8 in the obese 
iii groups. the mean age was 50.0 years and 57.0% were male. Gender, diabetic status, and Charlson Comorbidity index 
(CCi) significantly differed by BMi groups but did not differ by perioperative characteristics. Preoperative ProMiS- PF did not 
significantly differ by group. obese ii and iii groups had decreased ProMiS- PF compared to obese i and nonobese groups at 
1 year and 2 years. BMi groups had significantly different delta improvement at the 12 weeks (4.1 vs 10.1 vs 1.8 vs 4.3; P = 
0.044) and 2 years (9.9 vs 7.1 vs 2.3 vs 3.0; P = 0.048).

Conclusion: among the assessed BMi subgroups, all experienced similar physical function scores during the preoperative 
and short- term time points. Patients with higher BMi demonstrated diminished physical function at long- term time points. 
While this study focused on evaluating obesity, longitudinal tracking of high- risk patients during the postoperative period 
remains important for optimal rehabilitation.

Level of Evidence: 4.
Clinical Relevance: high BMi may predispose patients to lengthier recovery of physical function following aCDF.

Minimally invasive Surgery

Keywords: aCDF, ProMiS, obesity, body mass index, cervical spine, minimally invasive, spinal fusion

INtRODUCtION

obesity is a growing health issue within the united 
States with a reported 42.4% of adults suffering from 
this epidemic.1 as compared to 30.5% a decade ago, 
its prevalence has progressively increased to levels 
that classify it as an epidemic.2 Defined as a body 
mass index (BMi) greater than 30 kg/m2, obesity is a 
major risk factor for chronic diseases, such as diabe-
tes, cardiovascular disease, osteoarthritis, and mortal-
ity in children and adults.3 those who are obese also 
have an increase in functional abnormalities including 
musculoskeletal pain and higher rates of spinal degen-
erative diseases, specifically cervical myelopathy.4,5 
left untreated, degenerative diseases of the cervical 
spine can result in disc herniation, radiculopathy, and 
myelopathy, all of which can be appropriately treated 

with procedures, such as anterior cervical discectomy 
and fusion (aCDF).6

While aCDF is a common and effective procedure 
performed for relief of radicular or myelopathic pain, 
it has been reported that obesity remains a significant 
risk factor for intraoperative complications not only for 
spine surgery7 but also across multiple surgical spe-
cialties.8–10 in particular, cervical spinal fusion patients 
with a higher BMi have greater occurrences of deep 
vein thrombosis wound abnormalities, cardiopulmo-
nary and neurologic complications, and increased mor-
tality.7,11–14 additionally, higher BMi was also reported 
to correlate with impairments in long- term physical 
function outcomes.15–17 nonetheless, aCDF has been 
reported to have lower morbidity rates than laminec-
tomies and demonstrates greater cost- effectiveness 
than cervical disc replacements (CDr) for single- level 
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procedures.6,18–20 More recent studies have indicated 
that long- term benefits over CDrs may not carry over 
for multilevel procedures postoperatively;21,22 however, 
aCDF still remains as effective of an option as CDr.23

With the increased emphasis on use of patient 
reported outcome measures (ProMs), the use of 
effective and efficient questionnaires to determine the 
impact of risk factors such as BMi on outcome measure 
becomes essential. one such outcome is physical func-
tion, which has been shown to negatively correlate with 
higher BMi and is valued as a predictor of the quality 
of daily life activities and efficacy of surgery.15,24 
although several different ProMs for physical func-
tion exist, the Patient reported outcome Measurement 
information System (ProMiS) questionnaire has been 
validated against other legacy ProMs and been used to 
compare preoperative and postoperative shifts in aCDF 
patients’ outcomes.25–27 in one study of aCDF patients, 
ProMiS- physical function (PF) showed significant 
improvements from baseline scores at the 12- week and 
6- month follow- up timepoints and correlated well with 
neck Disability index (nDi) and Short Form- 12 (SF- 
12).28

although studies have considered the correlation of 
BMi and other postoperative outcomes such as quality 
of life (EuroQol 5- dimensional), SF- 12, and nDi in 
aCDF patients, the relationship of BMi with physical 
function outcomes measured by ProMiS- PF has yet 
to be explored in this patient population.14,16 therefore, 
this study aims to detail the association between BMi 
and postoperative improvement in ProMiS- PF follow-
ing aCDF.

MEtHODs

Patient Population

Prior to beginning this study, internal review 
Board approval was obtained (ora#14051301) and 
informed consent was granted by patients. For this 
study, a prospectively maintained surgical database 
was retrospectively reviewed for eligible cervical 
spine procedures spanning from May 2015 to Septem-
ber 2019. Eligible patients were reviewed using the 
following inclusion criteria: elective, primary, single 
or multilevel aCDF procedures indicated for degener-
ative cervical spinal pathology. Patients were excluded 
if their surgery was indicated for infectious, traumatic, 
or malignant etiologies or if they failed to complete 
a preoperative ProMiS- PF questionnaire. a single 
attending physician performed all procedures at a 
single institution.

Data Collection

Prior to surgery, demographic information, pre- 
existing medical conditions, and diagnosed spinal 
pathologies were collected. Both intraoperative and 
postoperative information was also collected. Demo-
graphic information included age, gender, smoking 
status at time of appointment, diabetic status, CCi, and 
insurance type. intraoperative and postoperative vari-
ables of interest were number of fusion levels, oper-
ative time (skin incision to skin closure, in minutes), 
estimated blood loss (EBl, in ml), total length of hos-
pital stay (loS, in hours), hospital discharge day, and 
postoperative complications. Evaluation of patients’ 
perceived physical function was conducted using the 
ProMiS- PF questionnaire, which was collected at pre-
operative, 6- week, 12- week, 6- month, 1- year and 2- year 
time points. higher ProMiS- PF scores indicated more 
favorable physical function. Delta improvement in 
ProMiS- PF (postoperative score minus preoperative 
score) was calculated for all postoperative time points 
and compared to an established minimum clinically 
important difference (MCiD) of 8.0.29

statistical Analysis

Patients meeting inclusion criteria were stratified 
into 4 groups, based on their BMi, as follows: non-
obese (BMi <30 kg/m2), obese i (BMi ≥30 and <35 
kg/m2), obese ii (BMi ≥35 and <40 kg/m2), and obese 
iii “severe” (BMi ≥40 kg/m2). Significant associations 
between BMi subgroups and demographic, pre- existing 
medical conditions, spinal pathologies, number of levels 
fused, or day of discharge were determined using either 
χ2 analysis or Fisher exact test where appropriate. Sig-
nificant differences in mean age, CCi, operative time, 
EBl, or loS between BMi subgroups were evaluated 
using analysis of variance with tukey post hoc pairwise 
comparisons. Effects of BMi subgroup on ProMiS- PF 
scores were analyzed using linear regression followed 
by post hoc pairwise comparisons to determine specific 
differences between individual groups. additionally, 
significant differences in delta ProMiS- PF by BMi 
subgroup were also evaluated using linear regression. 
any significant correlations between BMi and delta 
ProMiS- PF were determined by calculating a Pearson 
correlation coefficient and the strength of relationship 
rate according to the following categories: weak (0.1 ≤ 
|r| < 0.3); moderate (0.3 ≤ |r| < 0.5); strong (|r|≥0.5). a 
significance of P = 0.05 was used for all statistical anal-
yses. all statistical tests were performed using Stata 
16.0 (StataCorp, College Station, tX).
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REsULts

Baseline Characteristics

a total of 185 aCDF patients were screened for inclu-
sion in this study. after inclusion and exclusion criteria 
were applied, 128 patients met inclusion criteria for this 
study, of which 74 were placed in the nonobese group, 
27 in the obese i group, 19 in the obese ii group, and 
8 in the obese iii group (table 1). a total of 47 patients 
were excluded from the study due to incomplete preop-
erative ProMiS- PF questionnaires. the patient cohort 
had a mean age of 50.0±10.1 years and majority were 
male (57.0%). a significant difference in distribution of 
gender (P = 0.014), ageless CCi (P = 0.007), and dia-
betic status (P = 0.025) by BMi subgroup was observed 
(table 1). More specifically, a larger proportion of 

males were observed in obese groups and a higher pro-
portion of females in the nonobese group. additionally, 
further analysis demonstrated patients in the obese iii 
had a significantly higher ageless CCi (1.85) compared 
to all other groups (all P < 0.05).

Perioperative Characteristics

Majority of patients across all BMi subgroups had a 
spinal diagnosis of herniated nucleus pulposus and did 
not significantly differ in the number of levels fused 
(table 2). the patient cohort had a mean operative time 
of 58.9 ± 16.7 minutes and mean EBl of 30.5 ± 13.3 
ml. on average, the patient cohort stayed postoperatively 
for 13.0 ± 12.1 hours with a majority being discharged 
on postoperative day 0. no significant differences in 

Table 1. Baseline characteristics by BMI group.

Characteristic
Nonobese
(N = 74)

Obese I
(N = 27)

Obese II
(N = 19)

Obese III
(N = 8) P Valuea,b

age, y, mean ± SD 50.36 ± 10.59 48.06 ± 8.03 52.32 ± 10.78 48.05 ± 10.35 0.502
Sex, % (n) 0.014
  Female 54.1% (40) 18.5% (5) 36.8% (7) 37.5% (3)
  Male 46.0% (34) 81.5% (22) 63.2% (12) 62.5% (5)
Smoking status, % (n) 0.294
  nonsmoker 82.4% (61) 92.6% (25) 94.7% (18) 75.0% (6)
  Smoker 17.6% (13) 7.4% (2) 5.3% (1) 25.0% (2)
insurance status, % (n) 0.062
  non- WC 81.1% (60) 55.6% (15) 66.7% (12) 62.5% (5)
  WC 18.9% (14) 44.4% (12) 33.3% (6) 37.5% (3)
Diabetic status, % (n) 0.042
  nondiabetic 89.2% (66) 81.5% (66) 89.5% (17) 50.0% (4)
  Diabetic 10.8% (8) 8.5% (5) 10.5% (2) 50.0% (4)
Ageless CCI, mean ± SD 0.66 ± 0.92 0.59 ± 0.50 0.78 ± 1.06 1.88 ± 1.73 0.007
Spinal diagnoses, % (n)
  herniated nucleus pulposus 83.8% (62) 88.9% (24) 89.5% (17) 87.5% (7) 0.923
  Degenerative disc disease 5.4% (4) 3.7% (1) 5.3% (1) 0.0% (0) 0.907
  Foraminal stenosis 12.2% (9) 3.7% (1) 15.8% (3) 12.5% (1) 0.496

abbreviations: CCi, Charlson Comorbidity index; SD, standard deviation; WC, workers’ compensation.
aP value was calculated for each category using multivariate linear regression (continuous) or either χ2 analysis or Fisher’s exact test (categorical).
bBoldface indicates statistical significance.

Table 2. Perioperative outcomes by BMI group.

 

Characteristic
Nonobese
(N = 74)

Obese I
(N = 27)

Obese II
(N = 19)

Obese III
(N = 8) P Valuea

number of fusion levels, % (n) 0.816
  1- level 50.0% (37) 63.0% (17) 57.9% (11) 75.0% (6)
  2- level 36.5% (27) 29.6% (8) 36.8% (7) 25.0% (2)
  3- level 12.2% (9) 3.7% (1) 5.3% (1) 0.0% (0)
  4- level 1.4% (1) 3.7% (1) 0.0% (0) 0.0% (0)
operative time, min, mean ± SD 60.5 ± 16.2 55.1 ± 17.8 56.5 ± 16.0 62.3 ± 20.3 0.441
Estimated blood loss, ml,mean ± SD 29.5 ± 12.0 30.2 ± 13.0 32.9 ± 14.6 35.0 ± 21.9 0.578
length of stay, h,mean ± SD 13.1 ± 12.1 11.4 ± 14.8 15.0 ± 10.6 11.4 ± 7.4 0.786
Discharge date, % (n) 0.081
  PoD 0 74.3% (55) 85.2% (23) 63.2% (12) 75.0% (6)
  PoD 1 20.3% (15) 11.1% (3) 36.8% (7) 25.0% (2)
  PoD 2 5.4% (4) 0.0% (0) 0.0% (0) 0.0% (0)
  PoD 3+ 0.0% (0) 3.7% (1) 0.0% (0) 0.0% (0)

abbreviations: PoD, postoperative day; SD, standard deviation.
aP value was calculated for each category using multivariate linear regression (continuous) or either χ2 analysis or Fisher’s exact test (categorical).
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perioperative characteristics were observed across all 
BMi subgroups (table 2). the overall complication rate 
for the patient cohort was 4.3% (8/185). the nonobese 
group had the highest prevalence of complications (n = 
5) with 3 patients experiencing postoperative dysphagia, 
1 patient with a cervical hematoma, and 1 patient with 
altered mental status. obese i patients were associated 
with a total of 2 postoperative complications, with 1 
patient reporting a cervical hematoma and another patient 
reporting dysphagia. only 1 patient was reported to have 
postoperative complications in the obese ii group with 
dysphagia, and no postoperative complications were 
reported among the obese iii group. no significant differ-
ences in overall rates of complications were demonstrated 
across all groups (P = 0.913). one patient (0.7%) across 
the total cohort underwent a reoperation at 1- year status 
post- aCDF. Data regarding all postoperative complica-
tion rates and summaries of each can be found in tables 3 
and 4, respectively.

Patient-Reported Outcomes

ProMiS- PF did not significantly differ between BMi 
subgroups at the baseline preoperative time point (P = 

0.458; R2 = 0.021). Similarly, no significant difference 
in ProMiS- PF by BMi subgroup was observed for the 
6- week (P = 0.220; R2 = 0.048), 12- week (P = 0.109; R2 = 
0.077), and 6- month (P = 0.060; R2 = 0.114) time points 
(table 5). regression analysis revealed that BMi groups 
had a significant effect on ProMiS- PF (P = 0.035; R2 
= 0.149) at the 1- year postoperative time point. Further 
analysis revealed that a significant negative effect on 
ProMiS- PF scores was associated with obese ii (β = 
–7.48; P = 0.019) and obese iii (β = −8.3; P = 0.050) 
groups. Post hoc pairwise comparisons revealed large 
differences in mean scores between the nonobese group 
(50.5 ± 7.8) and both obese ii (43.0 ± 6.5; P = 0.087) and 
obese iii (42.2 ± 6.9; P = 0.207). a similar difference 
was also established between obese i (50.8 ± 9.5) and 
both obese ii (43.0 ± 6.5; P = 0.176) and obese iii (42.2 
± 6.9; P = 0.269). Similarly, at the 2- year time point, BMi 
demonstrated a significant impact on ProMiS- PF scores 
(P = 0.014; R2 = 0.205), with both obese ii (β = −9.7; 
P = 0.005) and obese iii (β = −8.8; P = 0.028) demon-
strating significant negative effects (table 5). Comparison 
of means between individual groups demonstrated a sig-
nificant difference between obese ii and nonobese (41.7 

Table 3. Postoperative inpatient complications.

Complication, % (n)
Nonobese
(N = 74)

Obese I
(N = 27)

Obese II
(N = 19)

Severe III
(N = 8) P Valuea

aspiration 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Dysphagia 4.1% (3) 3.9% (1) 0.0% (0) 0.0% (0) 0.773
urinary retention 0.0% (0) 0.0% (0) 5.3% (1) 0.0% (0) 0.126
urinary tract infection 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
acute renal failure 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Postoperative anemia 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
hematoma 1.3% (1) 3.9% (1) 0.0% (0) 0.0% (0) 0.724
altered mental status 1.3% (1) 0.0% (0) 0.0% (0) 0.0% (0) 0.868
Venous thromboembolism 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Pulmonary embolism 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Pneumothorax 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
arrhythmia 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Pneumonia 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
atelectasis 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Pleural effusion 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Fever (unknown origin) 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) -
Total complications 6.7% (5) 7.4% (2) 5.3% (1) 0.0% (0) 0.949

aP value was calculated for each category using Fisher’s exact test (categorical).

Table 4. specific incidences of complications.

Dysphagia: 3 patients experienced dysphagia. 2 patients suffered from mild dysphagia and were able to tolerate general diet by discharge on PoD1. 1 
patient experienced dysphagia and increased neck swelling on PoD0 due to a hematoma. Patient underwent an incision and drainage and symptoms 
resolved by PoD1. Patient was discharged in stable condition on PoD2.

Urinary retention: 1 patient had postoperative urinary retention on PoD0 with a postvoid residual volume >500 ml. Foley was placed on PoD0. Patient 
placed on Flomax and voided by discharge on PoD1.

Hematoma: 2 patients had a cervical hematoma on PoD0 and underwent an emergent incision and drainage, which resolved symptoms. 1 patient was 
safely discharged to home on PoD3 and another patient was discharged safely home on PoD2. no other complications were noted.

Altered mental status: 1 patient was unresponsive on PoD0 and received narcan. neurology consult placed on PoD1 with unremarkable findings. Patient 
discharged to home safely on PoD2.

abbreviation: PoD, postoperative day.
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± 5.0 vs 51.3 ± 7.9; P = 0.026) and a large difference 
between obese iii and nonobese groups (42.5 ± 13.1 vs 
51.3 ± 7.9; P = 0.119).

Delta improvement in ProMiS- PF did not signifi-
cantly vary between BMi subgroups at the 6- week (P = 
0.476; R2 = 0.027), 6month (P = 0.331; R2 = 0.053), or 1 
year (P = 0.388; R2 = 0.055) time point. however, a sig-
nificant effect by BMi subgroups on delta ProMiS- PF 
was demonstrated at the 12week (P = 0.044; R2 = 0.101) 
and 2year (P = 0.048; R2 = 0.156) postoperative time 
point (table 5). Further analysis revealed that at the 12- 
week time point, a large difference in delta ProMiS- PF 
was demonstrated between obese i (10.1 ± 10.4) and both 
obese ii (1.8 ± 7.3; P = 0.043) and obese iii (4.3 ± 7.3; P 
= 0.587). at the 2- year time point, post hoc comparisons 
demonstrated large differences between nonobese (9.9 ± 
7.0) and both obese ii (2.3 ± 5.5; P = 0.068) and obese 
iii (7.1 ± 8.5; P = 0.210) as well as obese i (7.1 ± 8.5) and 
both obese ii (2.3 ± 5.5; P = 0.539) and obese iii (7.1 ± 
8.5; P = 0.731); however, mean differences did not reach 
significance (table 5).

Pearson coefficients demonstrated a weak nonsignifi-
cant relationship between delta ProMiS- PF and BMi at 
the 6- week (|r| = 0.162; P = 0.123), 12- week (|r| = 0.032; 
P = 0.777), 6- month (|r| = 0.115; P = 0.357), and 1- year 
(|r| = 0.150; P = 0.265) time point. however, a significant 
moderate correlation was demonstrated at the 2- year time 
point (|r| = 0.419; P = 0.003) (table 5). overall effect of 
BMi on ProMiS- PF improvement at each time point can 
be found in Figure.

DIsCUssION

obesity, as measured by BMi, is an increasingly present 
health issue, not only in the united States but also globally, 

that is forcing spinal surgeons to reassess its impact on 
patient care and surgical outcomes. as the healthcare 
environment continues to shift toward a patient- centered 
approach, ProMs are becoming key evaluators of postop-
erative improvements. While previous studies have inves-
tigated the impact of BMi on postoperative improvements, 
few have done so using ProMiS- PF. this study investi-
gated the relationship between BMi and ProMiS- PF and 
was able to demonstrate significant changes in postopera-
tive physical function improvement.

Studying the effects of BMi on a patient popu-
lation requires adequate balance in terms of patient 
demographics. While patient selection is consid-
ered an important determinant of successful surgical 
outcomes, its use could predispose a study toward 
selection of a nonuniform demographic. as such, 
this practice may unintentionally select for patients 
with healthier baseline characteristics. however, our 
study’s patient cohort reflected similar attributes as 
a recent epidemiological study by the nhCS. More 
specifically, our cohort had a mean age of 50.0 years 
with a majority being male which aligns well with 
hales et al report of the population with the highest 
incidence of obesity.1 our study also found a signif-
icant difference in the diabetic population based on 
BMi group, with the majority of our cohort being 
nondiabetic. While it is assumed that BMi cor-
relates well with diabetes, there are numerous studies 
that outline the complexity of this relationship and 
emphasize the idea that the two are not mutually 
inclusive. in addition to diabetic status, CCi demon-
strated significant differences among the BMi groups 
with a higher mean value associated with a greater 
severity of obesity. although BMi is not specifically 

Table 5. Patient- reported outcome comparisons by BMI group.

Outcome

Mean ± SD (n)

R2 P Valuea
Nonobese
(N = 74)

Obese I
(N = 27)

Obese II
(N = 19)

Obese III
(N = 8)

ProMiS- PF
  Preoperative 40.7 ± 6.6 (74) 38.6 ± 8.8 (27) 38.6 ± 5.7 (19) 39.4 ± 7.8 (8) 0.021 0.458
  6 wk 42.5 ± 6.6 (53) 39.6 ± 7.9 (17) 39.2 ± 7.4 (15) 39.3 ± 6.7 (7) 0.048 0.220
  12 wk 45.3 ± 8.7 (47) 49.7 ± 13.0 (15) 40.8 ± 5.5 (13) 43.9 ± 13.5 (4) 0.077 0.109
  6 mo 47.9 ± 9.1 (41) 51.7 ± 11.3 (11) 41.1 ± 6.7 (11) 44.5 ± 7.3 (3) 0.114 0.060
  1 y 50.5 ± 7.8 (35) 50.8 ± 9.5 (10) 43.0 ± 6.5 (8) 42.2 ± 6.9 (4) 0.149 0.035
  2 y 51.3 ± 7.9 (25) 45.5 ± 9.1 (10) 41.7 ± 5.0 (9) 42.5 ± 13.1 (6) 0.205 0.014
ProMiS- PF
  6 wk Δ 2.2 ± 6.5 -0.93 ± 10.0 0.35 ± 7.5 0.24 ± 10.0 0.027 0.476
  12 wk Δ 4.1 ± 7.6 10.1 ± 10.4 1.8 ± 7.3 4.3 ± 7.3 0.101 0.044
  6 mo Δ 7.3 ± 6.8 9.8 ± 9.3 4.2 ± 5.3 7.5 ± 7.6 0.053 0.331
  1 year Δ 9.0 ± 8.0 10.5 ± 10.9 4.9 ± 5.0 5.0 ± 5.0 0.055 0.388
  2 year Δ 9.9 ± 7.0 7.1 ± 8.5 2.3 ± 5.5 3.0 ± 11.7 0.156 0.048

abbreviations: BMi, body mass index; ProMiS- PF, Patient reported outcome Measurement information System physical function.
aP value was calculated using linear regression (continuous) to compare each time point among subgroups.
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included in the calculation of comorbidity scores, 
previous studies have established the relationship 
between obesity and increasing CCi values.30 one 
area that should be considered as a potential effec-
tor of outcomes is smoking status. While our cohort 
demonstrated independence between groups with 

regard to smoking status, there is a noticeably higher 
proportion of individuals who were smokers in the 
nonobese group as compared to the obesity groups. 
Previous studies in aCDF patients have suggested 
that smoking may impact the rates of fusion as com-
pared to nonsmokers (62% vs 81%);31 however, this 

Figure. Correlation of Delta Patient- Reported Outcomes Measurement Information system physical function (PROMIs- PF) and body mass index (BMI) at (A) 6 
weeks, (B) 12 weeks, (C) 6 months, (D) 1 year, and (E) 2 years.
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negative effect did not appear to carry through and 
impact health- related Qol outcome measures.32

Beyond the influence of BMi on postoperative com-
plications, few studies have investigated the impact of 
obesity on physical function improvement for spine pro-
cedures. While other studies have similarly established 
a difference in physical function based on BMi,16,17 our 
study is among the first to report this relationship using 
ProMiS- PF. Both Sielatycki et al and Wilson et al 
reported that obese patients had a lower 12- item Short 
Form health Survey (SF- 12) score at the 1- year time 
point than patients with normal weight.16,17 Similarly, a 
study assessing the impact of obesity on Qol reported 
a significantly lower SF- 12 score at the 2- year time 
point.33 all 3 studies are consistent with our findings 
that ProMiS- PF was significantly lower for individ-
uals categorized as obese ii or iii, compared to non-
obese and obese i patients, not only at 1 year but also 2 
years. however, the underlying reasoning has not been 
thoroughly investigated and may be a result of patients 
with a higher BMi being inherently limited in physical 
function regardless of spine pathology. For example, 
yoo et al34 demonstrated that baseline physical func-
tion scores were inversely proportional to BMi among 
transforaminal lumbar interbody fusion patients which 
may be explained by a Samartzis et al35 study where 
evidence indicated that increasing BMi is a significant 
contributor to degenerative disc disease and may con-
tribute to the worsening preoperative symptoms that 
obese patients report. Moreover, vascular studies have 
indicated that metabolic syndrome, a common disorder 
among morbidly obese patients, impairs physical func-
tion and health- related Qol.36 although only specu-
lative, the results from this study and others suggest 
that obesity may limit the extent to which patients can 
improve, such that obese patients may reach their peak 
improvement by an intermediate time point while non-
obese patients continue to improve more longitudinally. 
While this information may be beneficial for clinicians 
during preoperative counseling and reviewing expecta-
tions with patients, there may be an underlying reason 
for the difference in physical function only at long- term 
postoperative time points.

to complement the evaluation of BMi’s impact on 
physical function, our study also was able to calculate 
the magnitude of change from preoperative baseline 
scores. a significant difference in delta improvement 
was observed at both an acute time point of 12 weeks 
and a long- term time point of 2 years. acute improve-
ment in ProMiS- PF has been shown in patients 
undergoing aCDF up to the 6- month time point and is 

consistent with our study.37 additionally, the observed 
differences in delta improvement between BMi groups 
may be a result of varying degrees of pain reduction 
following surgery as previous studies have established 
that a negative correlation exists between physical func-
tion and pain, as measured by either visual analog scale 
or ProMiS- pain interference.38–40 although this was 
beyond the scope of our study, future studies exploring 
the impact of pain improvement on magnitude of phys-
ical function improvement assessed by ProMiS- PF 
may help further elucidate this relationship.

in terms of the long- term delta improvement at 2 
years, patients who were categorized as obese had a 
significantly lower delta improvement which further 
supports our observation of significantly lower 
ProMiS- PF in obesity patients at both the 1- and 
2- year time point. this difference in delta improvement 
could be explained by significantly different baseline 
ProMiS- PF scores because it would alter the poten-
tial gain in physical function; however, all groups 
demonstrated similar baseline scores. Comparison to 
other studies proved difficult as few have compared 
the impact obesity has on the magnitude of physical 
function improvement using ProMiS- PF. however, 
other groups have reported no difference in SF- 12 
score change between nonobese and obese patients at 
the 2- year time point.33 interestingly, we observed that 
the mean delta improvement demonstrated by nonobese 
and obese i groups met the minimal clinically import-
ant difference (MCiD) value previously established 
by Steinhaus et al,29 whereas obese ii and iii failed to 
meet this threshold. While the current study established 
distinct differences between obesity groups in postop-
erative improvement of physical function at long- term 
time points (1 and 2 years), decreased compliance 
should also be considered as a potential effector. across 
all obesity groups, compliance at the 2- year mark was 
approximately 25% of the preoperative participation. 
although the decrease may play a small effect, it may 
highlight the fact that patients had reached an adequate 
satisfaction level and prompted a decreased interest in 
participation. another possibility may also be a result 
of increased number of health- related outcome ques-
tionnaires, which is believed to cause decreased com-
pliance;41,42 however, ProMiS surveys were developed 
specifically to address this concern. nevertheless, our 
results further strengthen the idea that patients with a 
higher BMi who are undergoing aCDF may require 
a more invested postoperative plan to accommodate a 
lengthier recovery timeline.
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Limitations

Given the retrospective nature of our study, there 
are some inherent limitations. Specifically, the selec-
tion of a surgical cohort using retrospective analysis 
may introduce selection bias and will limit the ability 
for generalizability to other centers and populations. 
additionally, all patients underwent their cervical 
spine procedures with 1 fellowship trained orthopaedic 
surgeon at a single institution and may again limit the 
ability to relate the findings to patients from other insti-
tutions. another key limitation may be the use of the 
BMi measure. although it is a commonly used metric 
for body habitus, there is evidence that other measures 
such as waist- to- hip ratios and waist circumference may 
better capture obesity.43 lastly, analysis is dependent 
on sufficient cohort sizes; however, given the smaller 
number of patients among severe and morbidly obese 
groups, our analysis is limited. although invasive spine 
procedures among morbidly obese patients occur with 
relative low frequency, a multicenter and multiprovider 
design may allow for a larger cohort to be captured and 
strengthen the study.

CONCLUsION

Despite stratification into different BMi groups, 
patients who underwent aCDF procedures did not sig-
nificantly differ in their postoperative recovery of phys-
ical function for short- term postoperative time points. 
assessment of physical function revealed a significant 
difference in obese vs nonobese patients at long- term 
time points and demonstrated a significantly lower 
change in score at the 2- year time point. these results 
suggest that obese patients may require a more involved 
road to recovery of physical function. Given the con-
tinued increase in incidence of obesity in the united 
States, this may become a more prevalent finding for 
aCDF patients and may force spinal surgeons to adapt 
their follow- up strategies and better counsel patients 
preoperatively.
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