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A B S T R A C T   

Background: As our focus on delivering cost effective healthcare increases, interventions like cervical deformity surgery, which are associated with high resource 
utilization, have received greater scrutiny. The purpose of this study was to assess relationship between surgical costs, deformity correction, and patient reported 
outcomes in ACD surgery. 
Methods: ACD Patients ≥ 18 years with baseline (BL) and 2-year (2Y) data were included. Cost of surgery was calculated by applying average Medicare reim
bursement rates by CPT code to surgical details of each patient in the cohort. CPT codes for corpectomy, ACDF, osteotomy, decompression, levels fused, and 
instrumentation were considered in the analysis. Costs of complications and reoperations were intentionally excluded from the cost analysis. Patients were ranked 
into two groups by surgical cost: lowest cost (LC) and highest cost (HC). ANCOVA assessed differences in outcomes while accounting for covariates as appropriate. 
Results: 113 met inclusion criteria. While mean age, frailty, BMI and gender composition were similar between cost groups, mean CCI was significantly higher in the 
HC group compared to that of the LC group (p=.014). At baseline, LC and HC groups had similar HRQLs and radiographic deformity (all p >.05). Logistic regression 
accounting for baseline age, deformity and CCI found that HC patients had significantly lower odds of undergoing reoperation within 2-years (OR: 0.309, 95 % CI: 
0.193 - 0.493, p <.001). Furthermore, logistic regression accounting for baseline age, deformity and CCI found odds of DJF were significantly lower for those in the 
HC group (OR: 0.163, 95 % CI: 0.083 - 0.323, p <.001). At 2-years, logistic regression accounting for age and baseline TS-CL found HC patients still had significantly 
higher odds of reaching a “0′′ TS-CL modifier at 2-years (OR: 3.353, 95 % CI: 1.081 – 10.402, p=.036). Logistic regression accounting for age and baseline NDI score 
found HC patients had significantly higher odds of reaching MCID in NDI at 2-years (OR: 4.477, 95 % CI: 1.507 – 13.297, p=.007). A similar logistic regression 
accounting for age and baseline mJOA score found odds of reaching MCID in mJOA significantly higher for high-cost patients (OR: 2.942, 95 % CI: 1.101 – 7.864, 
p=.031). 
Conclusions: While patient presentation influences surgical planning and costs, this study attempted to control for such variations to assess impact of surgical costs on 
outcomes. Despite continued scrutiny over healthcare costs, we found that more costly surgical interventions can produce superior radiographic alignment as well as 
patient reported outcomes for patients with cervical deformity.   

1. Introduction 

The costs of cervical spinal surgery are a significant contribution to 
the reported $86 billion in annual expenditures on spinal care in the U.S. 
[1]. Aspects such as age, male gender, race, risk of mortality, illness 
severity, length of stay, and number of medical comorbidities are all 
associated with higher surgical costs [2]. Furthermore, increased sur
gical invasiveness associated with correction of severe deformities 
naturally impacts both direct and indirect costs of care. 

While cervical deformity corrective surgeries are no exception to the 
increasing national costs of healthcare, high upfront costs do not 

necessarily result in cost ineffective care. A previous study by Poorman et 
al found that cervical deformity surgeries reached accepted cost- 
effectiveness thresholds when benefit is sustained after 3 to 4.5 years 
[3]. Additional studies found that cervical and lumbar surgeries are 
reasonably cost effective after 2 years and become more cost effective 
with time if there are relatively low additional incurred costs [4]. This 
reinforces that cost effectiveness is dependent largely on durability, as 
costs due to complications or reoperations both increase a patient’s 
overall cost in their correction and reduces their overall satisfaction. 

Given the wide variation cost of cervical deformity corrective sur
gery, the present study sought to assess impact of higher cost surgeries 

* Corresponding author. 
E-mail address: Peter.Passias@nyumc.org (P.G. Passias).  

Contents lists available at ScienceDirect 

Journal of Clinical Neuroscience 

journal homepage: www.journals.elsevier.com/journal-of-clinical-neuroscience 

https://doi.org/10.1016/j.jocn.2023.04.020 
Received 8 September 2022; Accepted 22 April 2023   

Downloaded for Anonymous User (n/a) at Duke University from ClinicalKey.com by Elsevier on December 05, 2024. 
For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

mailto:Peter.Passias@nyumc.org
www.sciencedirect.com/science/journal/09675868
https://www.journals.elsevier.com/journal-of-clinical-neuroscience
https://doi.org/10.1016/j.jocn.2023.04.020
https://doi.org/10.1016/j.jocn.2023.04.020
https://doi.org/10.1016/j.jocn.2023.04.020
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jocn.2023.04.020&domain=pdf


Journal of Clinical Neuroscience 113 (2023) 126–129

127

on patient reported outcomes and durability of surgical correction. 

2. Materials and Methods 

2.1. Study design and setting 

This study is a retrospective analysis of patients prospectively 
enrolled in a single-center adult cervical deformity (ACD) database. 
Internal Review Board approval was obtained prior to study initiation 
and informed consent was given by each included patient prior to 
enrollment in the registry. Database enrollment criteria consisted of 
patients ≥ 18 years of age with a minimum of one of the following 
radiographic measures: Cervical Kyphosis (C2-C7 Cobb Angle > 10◦), 
C2-C7 Sagittal Vertical Axis (cSVA) > 4 cm, Chin-Brow Vertical Angle 
(CBVA) > 25◦, or T1 slope minus Cervical Lordosis (TS-CL) > 10◦. 
Radiographic criteria above and surgeon preference set surgical 
indication. 

2.2. Inclusion criteria 

Operative ACD patients with baseline and 2-year radiographic and 
health related quality of life (HRQL) data were included for analysis. 

2.3. Data collection and radiographic parameters 

Demographic data collected consisted of patient age, sex, body mass 
index (BMI), modified 5-item frailty index (mFI-5), and Charlson Co
morbidity Index (CCI)[5]. Surgical parameters included: levels fused, 
length of stay, operative time, decompressions, surgical approach, and 
osteotomies. Patient reported outcome measures collected at baseline 
and follow-up visits were Neck Disability Index (NDI), Numerical Rating 
Scale (NRS) for neck and back pain, and modified Japanese Orthopaedic 
Association scale (mJOA). Improvement in outcomes was evaluated on a 
continuous basis as well as via minimal clinically importance difference 
(MCID) thresholds based on published values in the literature [6–8]. At 
baseline and follow-up intervals, full length free-standing lateral spine 
radiographs (36-inch cassette) were collected. Using validated software 
(Surgimap, Nemaris Inc., New York, NY), radiographic images were 
analyzed according to published and standardized techniques [9–11]. 

2.4. Statistical analysis 

Total Cost (TC) data was based on average Medicare reimbursement 
by applicable current procedural terminology (CPT) codes obtained 
from the physician fee schedule at https://www.cms.gov. Costs of 
complications and reoperations were intentionally excluded from cost 
calculation due to its influence on cost, noted in previous literature 
[13–15]. Patient were ranked into two groups by surgical cost: lowest 
cost (LC) and highest cost (HC). Means comparison tests assessed de
mographic, surgical, radiographic factors, and HRQL metrics at baseline 
and 2-years between LC and HC groups. Binary outcomes were analyzed 
using multivariable logistic regressions and continuous outcomes were 
analyzed using ANCOVA, with demographics and baseline deformity 
included as covariates for all analyses. When assessing HRQL outcomes, 
baseline for the respective HRQL was included as a covariate and when 
assessing post-operative alignment, reoperation was included as a co
variate. All statistical analyses were performed using SPSS Version 25 
(Armonk, NY), with statistical significance defined for all tests as p- 
value < 0.05. 

3. Results 

3.1. Demographics of cohort and cost groups 

One-hundred thirteen patients met inclusion criteria. Mean surgical 
cost of the cohort was $33,240 ± 13,269. Mean age of the cohort was 

54.9 ± 9.4 years, mean CCI was 0.7 ± 0.9, mean frailty index was 0.2 ±
0.1 and mean BMI was 29.5 ± 29.0 kg/m2. The cohort was composed of 
45.8 % females and 54.2 % males. Mean surgical cost of the low-cost 
group was $22,703 ± 7,742 vs $43,232 ± 8,970 for the high-cost 
group (Table 1). While mean age, frailty, BMI and gender composition 
were similar between cost groups, mean CCI was significantly higher in 
the HC group compared to that of the LC group (1.0 ± 1.1 vs 0.4 ± 0.6, 
p=.014), Table 2. 

3.2. Baseline radiographic deformity by cost group 

At baseline, mean cSVA of the cohort was 23.4 ± 13.3 mm, mean TS- 
CL was 23.7 ± 12.8◦, mean SVA was 35.3 ± 36.0 mm, mean PI-LL was 
− 3.3 ± 12.3, and mean PT was 15.7 ± 7.6◦. Between cost groups, there 
were no significant differences in baseline deformity (Table 3). Specif
ically, baseline cSVA was similar between cost groups (HC: 23.8 ± 14.7 
mm vs LC: 22.9 ± 11.9 mm, p >.05). Likewise, mean TS-CL of the HC 
group (24.2 ± 14.1◦) was not significantly different from that of the LC 
group (20.3 ± 11.7◦), p >.05. 

3.3. Baseline HRQL deformity by cost group 

At baseline, mean NDI of the cohort was 61.2 ± 16.1, mean NRS neck 
was 8.0 ± 1.9, mean NRS back was 6.7 ± 2.9, and mean mJOA of the 
cohort was 13.2 ± 2.7. Between cost groups, there were no significant 
differences in baseline HRQL scores (Table 4). 

3.4. Surgical details and outcomes by cost group 

Surgically, more patients in the high-cost group had a combined 
approach (54.2 % vs 13.6 %, p <.001). Further, average number of 
complete facet osteotomies was significantly higher for patients in the 
high-cost group (2.18 vs 0.90, p =.014). Means comparison found rates 
of complications, reoperations, DJK, and DJF were similar between cost 
groups (Table 5). However, logistic regression accounting for baseline 
age, deformity and CCI found that HC patients had significantly lower 
odds of undergoing reoperation within 2-years (OR: 0.309, 95 % CI: 
0.193 - 0.493, p <.001). Posthoc testing, however, found no significance 
to greater CCI at baseline for HC patients (p =.385). While logistic 
regression accounting for baseline age, deformity and CCI found similar 
odds of DJK between groups, odds of DJF were significantly lower for 
those in the HC group (OR: 0.163, 95 % CI: 0.083 - 0.323, p <.001). 

3.5. 2-Year radiographic outcomes by cost group 

At 2-years, mean cSVA of HC group (17.8 ± 12.6 mm) was lower 
than the LC group (28.3 ± 12.0 mm), p <.001. Furthermore, 100 % of 
high-cost patients had a “0′′ cSVA modifier vs 89.3 % low-cost patients 
(p=.034). Similarly, mean TS-CL of the HC group was significantly lower 
(16.6 ± 11.0◦) than those in the LC cost (24.4 ± 10.8◦), p=.005. At 2- 
year follow-up, 53.8 % of high-cost patients achieved a “0” TS-CL 
modifier vs 21.4 % of low-cost patients (p=.008). Additionally, logis
tic regression accounting for age and baseline TS-CL found HC patients 
still had significantly higher odds of reaching a “0” TS-CL modifier at 2- 
years (OR: 3.353, 95 % CI: 1.081 – 10.402, p=.036).Table 6 shows 
comparison between groups by radiographic outcomes. 

Table 1 
Mean Cost of cost cohorts.   

LC HC 

N 55 58 
Mean Surgical Cost $22,703 ± 7,742 $43,232 ± 8,970 
Minimum Surgical Cost $12,315 $32,846 
Maximum Surgical Cost $31,878 $56,469  
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3.6. 2-Year HRQL outcomes by cost group 

By 2-years, mean NDI of the cohort was 45.0 ± 20.9, mean NRS neck 
was 5.6 ± 2.9, mean NRS back was 6.3 ± 2.6, and mean mJOA of the 
cohort was 13.9 ± 3.0. Between cost groups, NDI was significantly lower 
for those in the HC group (40.8 ± 19.0) than those in the LC group (50.3 
± 22.1), p=.045. Furthermore, mJOA of the HC group (14.5 ± 2.9) was 
significantly higher than those in the LC group (13.2 ± 2.9), p=.049). 
On the other hand, mean NRS neck and NRS back at 2-years were similar 
between cost groups (p >.05), Table 7. Logistic regression accounting for 
age and baseline NDI score found HC patients had significantly higher 
odds of reaching MCID in NDI at 2-years (OR: 4.477, 95 % CI: 1.507 – 
13.297, p=.007). A similar logistic regression accounting for age and 
baseline mJOA score found odds of reaching MCID in mJOA signifi
cantly higher for high-cost patients (OR: 2.942, 95 % CI: 1.101 – 7.864, 

p=.031). 

4. Discussion 

Given the high resource utilization associated with cervical spinal 
surgery, it is worthwhile to explore differences in patient outcomes 
between those who undergoing the most expensive vs those undergoing 
the least expensive care. While there are a number of known patient 
specific factors that contribute to the cost of surgical intervention, this 
study attempted to account for those differences in our outcomes ana
lyses [2]. 

We stratified this cohort into two groups by cost, as assesses by CPT 
codes, then utilized univariate and multivariate analyses to assess dif
ferences in outcomes between cost groups. At baseline, univariate 
analysis found only charlson comorbidity index was significantly 
different between high cost and low-cost groups. However, by two years, 
groups differed significantly in certain HRQL metrics, radiographic 
measures, and clinical outcomes. Radiographically, despite similar 
baseline deformity between cost groups, high-cost patients were 
significantly less deformed at 2-years with respect to cSVA and TS-CL. 
With respect to patient reported outcomes, univariate analyses found 
that patients in the high-cost group had superior NDI and mJOA scores 
at 2-years and multivariate analyses found high-cost patients had higher 
odds of reaching MCID in both measures. While literature on the subject 
is limited, one prior study by Horn et al. found a similar correlation 
between improvement in Ames modifiers and HRQL outcomes in cer
vical deformity patients [12]. 

Finally, multivariable analysis found patients in the high-cost group 
had lower odds of distal junctional kyphosis as well as lower odds of 
undergoing reoperation within 2-years. While this study did not directly 
assess costs associated with surgical revision, a prior study of revision 
surgery after surgical correction of cervical deformity found mean cost 
of revision was more than $40,000 [5]. Considering that costs ranged 
from $33 k to $56 k for those in the high-cost group vs $12 k to $32 k for 
those in the low-cost group, at a rate of $40 k per surgery, total costs for 
a low-cost patient requiring a revision surgery would likely end up 
exceeding costs of a high-cost patient who did not require revision. 
Collectively, these results suggest that while cost savings is an important 
public health priority, lower cost surgical interventions may not neces
sarily result in long term cost savings. 

4.1. Limitations 

We recognize there are limitations associated with this study. First, 
given the retrospective nature of the study, not all potential sources of 
bias could be identified and mitigated, thus it is difficult to reach 
definitive conclusions. Furthermore, there are prospects for selection 
and indication bias, as well as expertise bias given the study design. 
There is the potential for surveillance bias as only adult cervical defor
mity patients with complete follow-up data were included. However, 
there was relatively complete follow-up across eligible patients, which 
mitigated this bias to a certain degree. Finally, there is the prospect for 
restricted clinical variation within our subgroups that could potentially 
impair the generalizability of study findings, especially in light of the 
relatively small sample size of this cohort. 

Table 2 
Demographics of Cohort and Cost Groups.   

Cohort LC HC p-value 

N 113 55 58  – 
Age (years) 54.9 ± 9.4 55.1 ± 9.5 54.7 ± 9.3  >0.05 
Gender (% Female) 45.8 % 38.8 % 51.7 %  >0.05 
BMI (kg/m2) 29.5 ± 29.0 29.9 ± 5.4 29.2 ± 6.8  >0.05 
CCI 0.7 ± 0.9 0.4 ± 0.6 1.0 ± 1.1  0.014 
mFI5 0.2 ± 0.1 0.3 ± 0.1 0.2 ± 0.1  >0.05  

Table 3 
Baseline Radiographic Deformity by Cost Group.   

Cohort LC HC p-value 

cSVA 23.4 ± 13.3 22.9 ± 11.9 23.8 ± 14.7  >0.05 
TS-CL 23.7 ± 12.8 22.8 ± 11.7 24.7 ± 13.9  >0.05 
C2SS 20.1 ± 11.3 20.8 ± 13.1 19.5 ± 9.3  >0.05 
SVA 35.3 ± 36.0 34.9 ± 43.1 35.7 ± 28.1  >0.05 
PI-LL − 3.3 ± 12.3 − 2.2 ± 14.3 − 4.4 ± 10.1  >0.05 
PT 15.7 ± 7.5 14.7 ± 9.1 16.6 ± 5.9  >0.05  

Table 4 
Baseline HRQL Deformity by Cost Group.   

Cohort LC HC p-value 

NDI 61.2 ± 16.1 62.9 ± 15.9 59.5 ± 16.2  >0.05 
NRS Neck 8.0 ± 1.9 7.9 ± 1.8 8.0 ± 1.9  >0.05 
NSR Back 6.4 ± 2.9 6.7 ± 2.9 6.0 ± 2.8  >0.05 
mJOA 13.2 ± 2.7 13.1 ± 2.7 13.2 ± 2.7  >0.05  

Table 5 
Means comparison analysis of rates of complications, reoperations, DJK, and 
DJF between cost groups.   

Cohort LC HC p-value 

Rate of Complications  41.4 %  47.8 %  36.2 %  >0.05 
Rate of Reoperation  17.3 %  23.9 %  12.1 %  >0.05 
Rate of DJK  22.3 %  22.7 %  22.4 %  >0.05 
Rate of DJF  4.9 %  6.8 %  3.5 %  >0.05  

Table 6 
2-Year Radiographic Outcomes by Cost Group.   

Cohort LC HC p-value 

cSVA 22.1 ± 13.3 28.3 ± 12.0 17.8 ± 12.6  <0.001 
TS-CL 19.8 ± 11.5 24.4 ± 10.8 16.6 ± 11.0  0.005 
C2SS 17.3 ± 9.7 20.3 ± 11.5 15.4 ± 8.0  >0.05 
SVA 28.5 ± 16.4 29.9 ± 18.7 26.8 ± 15.7  >0.05 
PI-LL − 4.0 ± 14.5 − 3.4 ± 16.1 − 4.6 ± 13.5  >0.05 
PT 20.8 ± 14.0 25.2 ± 17.0 17.0 ± 9.8  >0.05  

Table 7 
2-Year HRQL Outcomes by Cost Group.   

Cohort LC HC p-value 

NDI 45.0 ± 20.9 50.3 ± 22.1 40.8 ± 19.0  0.045 
NRS Neck 5.6 ± 2.9 5.8 ± 2.9 5.5 ± 2.9  >0.05 
NSR Back 6.3 ± 2.6 6.1 ± 2.4 6.6 ± 2.7  >0.05 
mJOA 13.9 ± 3.0 13.2 ± 2.9 14.5 ± 2.9  0.049  
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5. Conclusions 

While patient presentation influences surgical planning and costs, 
this study attempted to control for such variations to assess impact of 
surgical costs on outcomes. Despite continued scrutiny over healthcare 
costs, we found that more costly surgical interventions can produce 
superior radiographic alignment as well as patient reported outcomes 
for patients with cervical deformity. 
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