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Objective: Increased surgical volume has been associated with improved patient outcomes at 
the surgeon and hospital level. To date, clinically meaningful stratified volume benchmarks 
have yet to be defined for surgeons or hospitals in the context of spinal fusion surgery. The 
objective of this study was to establish evidence-based thresholds using outcomes and cost 
to stratify surgeons and hospitals performing spinal fusion surgery by volume. 
Methods: Using 155,788 patients undergoing spinal fusion surgery, we created and applied 
4 models using stratum-specific likelihood ratio (SSLR) analysis of a receiver operating char-
acteristic (ROC) curve. This statistical approach was used to generate 4 sets of volume thresh-
olds predictive of increased length of stay (LOS) and increased cost for surgeons and hospitals. 
Results: SSLR analysis of the 2 ROC curves by annual surgical volume produced 3 or 4 dis-
tinct volume categories. Analysis of LOS by annual surgeon spinal fusion volume produced 
4 strata: low, medium, high, and very high. Analysis of LOS by annual hospital spinal fu-
sion volume produced 3 strata: low, medium, and high. No relationship between volume 
and cost could be clearly defined based on the generation of ROC curves for surgeons or 
hospitals offering spinal fusion. 
Conclusion: This study used evidence-based thresholds to identify a direct, variable rela-
tionship model between volume and outcomes of spinal fusion surgery, using LOS as a sur-
rogate, for both surgeons and hospitals. A fixed relationship model was identified between 
surgeon and hospital volume and cost, as no statistically meaningful relationship could be 
established.

Keywords: Spinal fusion, Value-volume, Stratum-specific likelihood ratio

INTRODUCTION

Value generation via economic efficiencies in healthcare sys-
tems is an increasingly important focal point in health care 
management, in a world where tied reimbursements and bun-
dled payment models have emerged as leading compensation 
conduits for hospital and healthcare organization line items.1 
Orthopaedic surgeons have moved towards the adoption of a 

more value-based bundled payment model as health care orga-
nizations increasingly focus on value alignment.2 Efficiencies 
may be realized within a health care “ecosystem” via both vol-
ume-driven cost benefits in addition to efficiency-driven pa-
tient care benefits.

Value in the context of healthcare is able to be defined as the 
ratio of the benefits provided by a healthcare service to the cost 
of rendering that service, incorporating both explicit and non-
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explicit patient outcomes.3,4 As providers and healthcare sys-
tems look to optimize value via improved patient outcomes, 
they bear in mind that higher surgeon and hospital volumes are 
correlated with greater value care delivery – whether via addi-
tional surgeon experience, standardized surgical procedure, or 
streamlined intra and postoperative processes.5-9 High volume 
providers at both the surgeon and hospital level provide service 
with an associated decrease in cost known in business manage-
ment as “economies of scale,” where systems with a larger pro-
duction volume achieve lower costs and improved patient out-
comes.10,11 

Spinal fusion surgery is a commonly performed procedure in 
the United States, with nearly 500,000 new cases annually na-
tionwide and is one of the fastest growing surgical procedures 
in the past 2 decades.12 Millions of cases are performed annual-
ly on a global basis.13 Spinal fusion surgery can be an effective 
method for reduction of pain, increased stability, and correc-
tion of deformity. Given the increasing prevalence of the proce-
dure, outcomes in spinal fusion can be more carefully evaluated 
using value-based analysis. The relationship between surgeon 
and hospital volume with patient outcomes has been increas-
ingly examined in spinal fusion surgery.14-17 To our knowledge, 
only 2 of these previous studies have made efforts to identify 
data-driven volume-based benchmarks for surgeons and hospi-
tals for the performance of common lumbar spine surgical pro-
cedures based on risk of complications and readmissions.16,17 
That said, these previous studies only identified single thresh-
olds wherein surgeons and hospitals could improve the value of 
spinal fusion surgery. At present, there remains a need for de-
termining additional outcomes-based thresholds in order to 
stratify surgeons and hospitals into more than 2 categories and 
to ultimately realize a practically translatable volume-value re-
lationship in spinal fusion surgery. 

Stratum-specific likelihood ratio (SSLR) analysis is a promis-
ing method of establishing meaningful volume-based thresh-
olds. This methodology was first described in 1993 by Peirce 
and Connell.18 in the context of risk stratification for heart trans-
plants. SSLR analysis uses a receiver operating characteristic 
(ROC) curve to identify specific volume thresholds which pro-
vide significant differences in a particular outcome. Recently, 
SSLR analysis has been resurrected and applied to orthopaedic 
procedures including total knee arthroplasty, shoulder arthro-
plasty, ACL reconstruction, adolescent idiopathic scoliosis, and 
total hip arthroplasty.19-24 These studies have demonstrated that 
an increased annual procedural volume has been associated with 
reduced LOS and reduced cost at both the hospital and surgeon 

level. No study to date has applied SSLR analysis in order to de-
termine data-driven thresholds in spinal fusion surgery. 

The primary purpose of this study was to analyze the volume-
value relationship in spinal fusion surgical care with respect to 
both a patient outcome, length of stay (LOS), and an economic 
outcome, cost, to generate clinically meaningful, evidence-based 
volume thresholds. To accomplish this aim, we performed SSLR 
analysis using ROC curves to characterize the volume-LOS and 
volume-cost relationship in spinal fusion surgery, similar to 
analysis performed for other procedures, and determine (1) the 
surgeon volume thresholds predictive of decreased LOS and 
cost, and (2) the hospital volume thresholds predictive of de-
creased LOS and costs. Upon generating these thresholds, a 
secondary aim was to assess the relative market share of spinal 
fusion cases among these newly defined surgeon and hospital 
volume strata.

MATERIALS AND METHODS

The methodology for this study, including data sourcing, sta-
tistical and data analysis, was performed in accordance with 
previously published analyses for the relationship between vol-
ume and cost as well as volume and LOS first reported by Ram-
kumar et al.20 for shoulder arthroplasty.

1. Data Sources and Study Population
Data was gathered exclusively from the New York State De-

partment of Health’s Statewide Planning and Research Cooper-
ative System (SPARCS) database, a comprehensive reporting 
system, which collects patient-level data on all discharges from 
nonfederal acute-care hospitals in the state of New York. The 
dataset used included patient-specific data from 2009 through 
2015, as this date range encompassed the total patient-specific 
data available at the time.

We used Clinical Classification Software (CCS) and All Pa-
tient Refined Diagnosis Related Groups (APR-DRGs) codes to 
define spinal fusion surgery. The cohort met the following CCS 
procedure code inclusion criterion: CCS Procedure Code 158 – 
“Spinal Fusion.” This criterion was used to ensure that the most 
comprehensive cohort of spinal fusion candidates were incor-
porated. The analysis included 157,788 patients with surgery 
dates from January 1, 2009 through December 31, 2015. Analy-
sis was derived from 870 hospitals and 4,368 surgeons within 
the state of New York. 

We defined annual surgeon volume as the total number of 
spinal fusion surgeries performed in that calendar year, using 
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the unique, coded Operating Surgeon identifier. Annual sur-
geon volume combines the comprehensive case volume for 
each surgeon that operates at more than one hospital in New 
York. Similarly, we defined annual hospital volume as the total 
number of spinal fusions that were performed within a given 
hospital in that calendar year, using the unique Hospital identi-
fier. LOS was defined as the number of days during the patient’s 
operative admission. 

2. Statistical Analysis
Two distinct ROC curves were generated: (1) surgeon volume 

vs. LOS; (2) hospital volume vs. LOS. SSLR analysis of these ROC 
curves was performed subsequently. The first step of SSLR anal-
ysis includes dividing the cohort into many different groupings 
and calculating a risk ratio for each group. These groups are 
then merged into increasingly larger groups until a significant 
difference in risk ratios is demonstrated between adjacent groups. 
This analysis generates discrete groups with statistical signifi-
cance, providing an objective method of partitioning data sets 
into volume-based groupings.

For the purposes of our study, the SSLR value was defined as 
the ratio of sensitivity to 1-specificity. The sensitivity (true posi-
tive rate) and 1-specificity (false positive rate) were based off of 
the associated threshold LOS or cost cutoff established, allow-
ing for determination where LOS was meaningful. The LOS 
cutoff used to generate the ROC curves was 6 days. The cost 
cutoff used to generate the ROC curves was $35,000. This cut-
off was chosen after testing a series of cutoffs and identifying 
the cutoffs with the greatest area under the curve (AUC). A p-
value of < 0.05 was used as the definition of statistical signifi-
cance in order to allow for curve comparison and the establish-
ment of statistically significant thresholds. Odds ratios and con-
fidence intervals were calculated to allow for comparison of 
volume thresholds using a point estimate and the confidence 
coefficient and standard error. The highest volume grouping 
was used as the reference group for each respective analysis. 

After generating the four aforementioned sets of volume stra-
ta, we examined the relative market share of spinal fusion repairs 
among the newly defined sets of surgeon and hospital volume 
strata. This was accomplished by comparing the percentage of 
total spinal fusion surgeries performed by each unique surgeon 
or hospital volume stratum. Thus, we went back into our origi-
nal dataset and stratified each volume group by patient-level 
APR Severity of Illness and Risk of Mortality. Cutoffs for the 
volume groups were derived from the surgeon/hospital volume 
vs. LOS SSLR analyses. APR Severity of Illness and Risk of Mor-

tality were the only variable available in the SPARCS database 
to approximate case complexity. For the purposes of cross-group 
comparison, “minor” was coded as 1, “moderate” as 2, “major” 
as 3, and “extreme” as 4. The purpose of this analysis was to ex-
amine the distribution of case complexity between higher and 
lower volume surgeons and hospitals. ROC curves were gener-
ated using SPSS ver. 22.0 (IBM, Armonk, NY, USA). SSLR and 
all other statistical analyses were performed using Microsoft 
Excel (Microsoft, Redmond, WA, USA).

RESULTS

1. Demographics
Of this cohort of 157,788 spinal fusion patients, the mean age 

for patients undergoing spinal fusion repair was 53.5 ± 16.9 
years. We calculated the mean age by weighting bucket (e.g., 
50–69) means assuming a standard distribution within each 
bucket. The patient pool was more likely to be female (52.4%), 
over the age of 50 (62.7%), and White (73.3%). Medicare (27.7%), 
private insurance (22.3%), along with Blue Cross/Blue Cross 
and Blue Shield (17.6%) were the most common payer types. 
Full demographic data is included in Table 1. Surgeon volume 
ranged from 1 to 412 annual spinal fusions. Hospital volume 

Table 1. Demographic data of the cohort studied (n= 157,788)

Variable No. (%)

Sex

Female 82,632 (52.4)

Male 75,156 (47.6)

Age groups (yr)

18–29 11,152 (7.1)

30–49 47,719 (30.2)

50–69 74,387 (47.1)

≥ 70 24,530 (15.5)

Race

Caucasian 115,584 (73.3)

African-American 17,503 (11.1)

Other race 24,341 (15.4)

Multiracial 360 (0.2)

Insurance type

Medicare 43,747 (27.7)

Private insurance 35,100 (22.2)

BC/BC & BS 27,812 (17.6)

Other types 51,129 (32.4)

BC, Blue Cross; BS, Blue Shield. 
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ranged from 1 to 1,733 annual spinal fusions. Overall LOS in 
this cohort averaged 4.30 days/case. Mean cost in this cohort 
was $32,230.35/case. 

2. Surgeon Threshold Analysis
SSLR analysis of the ROC curve for LOS by annual surgeon 

volume identified the following strata: 0–57 (low volume), 58–
90 (medium volume), 91–124 (high volume), and 125 or more 
(very high volume). The maximum determined AUC for LOS 
by annual surgeon volume was 0.63 based off of a ROC curve 
with a cutoff at 6 days. The volume thresholds at 58, 91, and 
125 annual spinal fusion cases were each found to be statistical-
ly significant for decreased LOS (p=0.001, p=0.015, and p=0.004, 
respectively; odds ratio [OR]: 19.253, 8.718, and 4.365, respec-
tively). LOS decreased in progressively higher volume groups: 
patients operated on by low-, medium-, high-, and very high 
volume surgeons had mean LOS of 6.28 days, 4.57 days, 4.02 

days, and 3.62 days, respectively (42.4% decrease from low- to 
very high volume) (Table 2, Fig. 1A).

SSLR analysis for cost by annual surgeon volume failed to 
yield statistically significant ROC curves. The maximum deter-
mined AUC for cost by annual surgeon volume was 0.56 based 
off of a ROC curve with a cutoff at $35,000. The closest volumes 
approaching statistical significance for cost by annual surgeon 
volume identified the following strata at which costs savings 
were apparent: 0–43 (low volume), and 44 or more (high volume), 
with more than $4,200 in cost savings, on average (p = 0.136; 
OR, 1.357) (Table 3, Fig. 1B).

3. Hospital Threshold Analysis
SSLR analysis of the ROC curve for LOS by annual hospital 

volume identified the following strata: 0–80 (low volume), 81–
471 (medium volume), and 472 or more (high volume). The 
maximum determined AUC for LOS by annual hospital vol-

Table 2. Surgeon volume vs. length of stay threshold analysis

Volume Sensitivity 1-Specificity SSLR Category p-value No. Odds ratio

0 1.000 1.000 1.000 Low 0.001 3,381 19.253 (9.062–40.906)

1 0.845 0.757 1.116

2 0.744 0.604 1.231

3 0.707 0.560 1.262

5 0.661 0.513 1.290

10 0.587 0.416 1.411

20 0.492 0.309 1.591

30 0.428 0.226 1.895

40 0.369 0.168 2.199

50 0.311 0.126 2.471

58 0.276 0.091 3.019 Medium 0.015 435 8.718 (3.961–19.186)

60 0.269 0.088 3.051

70 0.228 0.064 3.552

80 0.191 0.041 4.677

91 0.163 0.028 5.864 High 0.004 270 4.365 (1.868–10.203)

100 0.140 0.020 6.844

110 0.119 0.015 8.087

120 0.096 0.008 11.790

125 0.087 0.006 15.228 Very high 282 Reference

150 0.058 0.002 23.775

175 0.034 0.002 20.657

200 0.022 0.001 27.088

SSLR, stratum specific likelihood ratio.
Low: 6.28 days; Medium: 4.57 days; High: 4.02 days; Very high: 3.62 days.
When sampling is low, sensitivity and 1-specificity are low and thus may cause SSLR to decrease within a grouping as observed with certain 
volumes above.
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ume was 0.73 based off of a ROC curve with a cutoff at 6 days. 
The volume thresholds at 81 and 472 annual spinal fusion cases 
were each found to be statistically significant for decreased LOS 
(p= 0.008 and p= 0.016, respectively; OR, 10.548 and 2.090, re-
spectively). LOS decreased in progressively higher volume groups: 
patients receiving care at low-, medium-, and high-volume cen-
ters had mean LOS of 6.10, 4.23, and 3.99 days, respectively 
(34.6% decrease from low- to high volume) (Table 4, Fig. 2A). 

SSLR analysis for cost by annual hospital volume failed to 
yield statistically significant ROC curves. The maximum deter-
mined AUC for cost by annual hospital volume was 0.56 based 
off of a ROC curve with a cutoff at $35,000. The closest volumes 
approaching statistical significance for cost by annual hospital 

volume identified the following strata at which costs savings 
were apparent: 0–94 (low volume), and 95 or more (high vol-
ume), with more than $2,800 in cost savings, on average (p=  
0.846; OR, 1.602) (Table 5, Fig. 2B).

4. �Market Share of Annual Spinal Fusion Caseload Among 
Surgeon and Hospital Volume Strata
With respect to surgeon market share, very high-volume sur-

geons performed the largest proportion of spinal fusions (32.6%), 
followed by low-volume surgeons (29.3%). With respect to hos-
pital market share, medium-volume centers saw the largest share 
of spinal fusion cases (45.6%), followed by high-volume centers 
(45.2%) (Fig. 3).

Fig. 1. (A) Surgeon volume vs. length of stay (LOS) stratum-specific likelihood ratio (SSLR) threshold analysis. (B) Surgeon vol-
ume vs. cost SSLR threshold analysis.
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Table 3. Surgeon volume vs. cost threshold analysis

Volume Sensitivity 1-Specificity SSLR Category p-value No. Odds ratio

0 1.000 1.000 1.000 Low 0.136 3,381 1.357 (1.185–1.554)

1 0.991 0.988 1.003

2 0.981 0.970 1.012

3 0.975 0.948 1.028

5 0.961 0.932 1.031

10 0.924 0.869 1.063

20 0.864 0.794 1.088

30 0.784 0.710 1.105

40 0.713 0.608 1.174

44 0.697 0.577 1.208 High Reference

50 0.659 0.520 1.268

75 0.554 0.437 1.267

100 0.479 0.380 1.260

126 0.416 0.341 1.222

150 0.363 0.292 1.242

175 0.331 0.276 1.199

200 0.296 0.258 1.147

225 0.266 0.247 1.074

SSLR, stratum specific likelihood ratio. 
Low: $35,641.08; High: $31,359.95.
When sampling is low, sensitivity and 1-specificity are low and thus may cause SSLR to decrease within a grouping as observed with certain 
volumes above.

5. �Distribution of Patient Comorbidities Among Surgeon 
and Hospital Volume Strata
Overall, 52.8% of patients had an APR Severity of Illness of 

minor, 35.0% had moderate, and 12.2% had major or extreme. 
84.5% of patients had an APR Risk of Mortality of minor risk, 
11.0% had a moderate risk, and 4.5% had a major or extreme 
risk. APR severity of illness and risk of mortality scores did not 
vary significantly among surgeon or hospital volume strata 
(p> 0.05) (Figs. 4, 5).

DISCUSSION

Efficiencies in terms of outcomes is of importance to hospi-
tals and surgeons alike, and economies of scale in spinal fusion 
surgery provide significant outcome benefits to both patients 
and hospitals by value measures. Previous studies have demon-
strated a volume-outcomes relationship in spinal fusion surgery 
exists, and this study found evidence-based thresholds for sur-
geons and hospitals that demonstrate a direct relationship be-
tween volume and LOS, thereby defining an annual procedural 
volume at which outcome gains are made in spinal fusion sur-

gery. However, no relationship was found between procedural 
volume and cost for either surgeons or hospitals. 

SSLR analysis of the ROC curve for volume vs. LOS yielded 
notable results. The surgeon analysis revealed that surgeons 
performing spinal fusion could be grouped into 4 volume cate-
gories based on annual surgical volume: 0–57 (low volume), 
58–90 (medium volume), 91–124 (high volume), and 125 or 
more. The mean LOS for patients decreased in progressively 
higher volume strata, demonstrating a direct relationship be-
tween volume and improved outcomes in the context of spinal 
fusion care. The patients of low-volume surgeons spent over 
two and a half days longer in the hospital–on average–compared 
to the patients of very high-volume surgeons (6.28 days vs. 3.62 
days). The reduction in LOS from the high to medium volume 
level was modest, but may still represent a potential clinical op-
timization opportunity at the administrative level. Based on 
these results, it appears that there may be critical thresholds 
around 60, 90, and 125 annual cases wherein surgeons can im-
prove the quality of care they are providing their patients through 
decreased LOS. These findings suggest that surgeons may ben-
efit from performing a greater annual caseload to overcome a 
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substantial (~60 annual cases) “learning curve” in spinal fusion 
surgery. Additionally, these findings suggest that patients may 
benefit substantially from selective referral to higher volume 
spine surgeons. Schoenfeld’s group (2017) used spline analysis 
of patients from the Florida Inpatient Dataset to identify single 
benchmarks for anterior and posterior cervical fusion at 40 and 
30 annual cases, respectively, wherein surgeons saw decreased 
complications and risk of readmission for their patients.16 Scho
enfeld et al.17 used this same approach to identify benchmarks 
for lumbar interbody fusion and lumbar posterolateral fusion at 
43 and 35 annual cases, respectively, wherein surgeons saw de-
creased complications and risk of readmission for their patients. 
Our findings add to these studies by identifying additional thresh-
olds above these initial benchmarks for spinal fusion surgery. 

Our study suggests that rather than stagnating after reaching a 
particular benchmark, surgeons can continue to achieve sub-
stantial improvements in quality of care by reaching higher an-
nual thresholds. The aforementioned volume thresholds were 
used to compare the relative market share of spinal fusion cases 
among surgeon volume strata. This analysis revealed that very 
high-volume surgeons performed the largest proportion of spi-
nal fusion cases (32.6%). Very high- and high-volume surgeons 
combined performed the majority (50.8%) of spinal fusion cas-
es, evidencing the efficiency of consolidated care-based systems. 

On the other hand, SSLR analysis of the ROC curve for sur-
geon volume vs. cost failed to produce statistically significant 
volume strata despite indicating cost savings with higher vol-
ume. This may be seen from the determined maximum AUC 

Table 4. Hospital volume vs. length of stay threshold analysis

Volume Sensitivity 1-Specificity SSLR Category p-value No. Odds ratio

0 1.000 1.000 1.000 Low 0.008 437 10.548 (4.202–26.478)

1 0.995 0.973 1.023

2 0.990 0.936 1.058

3 0.986 0.897 1.099

5 0.976 0.866 1.127

10 0.941 0.786 1.197

15 0.909 0.740 1.229

20 0.884 0.693 1.275

25 0.857 0.624 1.374

50 0.697 0.327 2.129

75 0.602 0.219 2.748

81 0.583 0.191 3.056 Medium 0.016 333 2.090 (0.794–5.505)

100 0.533 0.149 3.563

126 0.464 0.139 3.337

150 0.399 0.134 2.980

200 0.327 0.134 2.439

258 0.280 0.119 2.358

300 0.253 0.113 2.231

350 0.212 0.077 2.745

400 0.174 0.052 3.372

451 0.146 0.036 4.059

472 0.141 0.026 5.453 High 100 Reference

497 0.115 0.026 4.477

525 0.092 0.021 4.484

564 0.075 0.010 7.318

SSLR, stratum specific likelihood ratio. 
Low: 6.10 days; Medium: 4.23 days; High: 3.99 days.
When sampling is low, sensitivity and 1-specificity are low and thus may cause SSLR to decrease within a grouping as observed with certain 
volumes above.
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Table 5. Hospital volume vs. cost threshold analysis

Volume Sensitivity 1-Specificity SSLR Category p-value No. Odds ratio

0 1.000 1.000 1.000 Low 0.846 468 1.602 (1.120–2.142)

1 0.991 0.988 1.003

2 0.981 0.970 1.012

3 0.975 0.948 1.028

5 0.961 0.932 1.031

10 0.924 0.869 1.063

20 0.864 0.794 1.088

30 0.784 0.710 1.105

40 0.713 0.608 1.174

50 0.659 0.520 1.268

75 0.554 0.437 1.267

95 0.498 0.382 1.305 High 402 Reference

100 0.479 0.380 1.260

126 0.416 0.341 1.222

150 0.363 0.292 1.242

200 0.296 0.258 1.147

250 0.246 0.246 1.000

300 0.223 0.219 1.022

350 0.186 0.174 1.071

400 0.150 0.140 1.071

451 0.129 0.108 1.196

502 0.095 0.086 1.102

SSLR, stratum specific likelihood ratio. 
Low: $34,797.15; High: $31,915.50.
When sampling is low, sensitivity and 1-specificity are low and thus may cause SSLR to decrease within a grouping as observed with certain 
volumes above. 

for LOS being higher at the hospital level, with the resulting 
maximum AUC for surgeon specific LOS lower by 0.10 as was 
for cost at both the hospital and surgeon level at 0.17 lower re-
spectively. The closest threshold along the ROC curve was at 44 
annual cases, yielding strata at: 0–43 (low volume), and 44 or 
more (high volume). The average total costs for these strata 
were $35,641.08 and $31,359.95 for low- and high-volume sur-
geons, respectively. While the cost difference of $4,281.13 be-
tween these 2 strata may appear to be clinically meaningful, it is 
important to consider that LOS can be a confounding factor 
leading to increased hospital costs. Previous studies have de-
scribed an approximate $2,175 cost for each day in a New York 
hospital, and therefore the savings patients operated on by high-
volume surgeons see may be a product of decreased hospital 
LOS more so than surgeon experience.25

The hospital analysis revealed that hospitals handling spinal 
fusion could be divided into three categories based on annual 

surgical volume: 0–80 (low volume), 81–471 (medium volume), 
and 472 or more (high volume). These results suggest that there 
may critical thresholds around 80 and 470 annual cases where-
in hospitals can logistically and structurally optimize the quality 
of spinal fusion care. Similar to the trend described in the sur-
geon analysis, mean LOS for patients decreased in progressively 
higher hospital volume strata. Patients presenting to low-vol-
ume centers spent over 2 days longer in the hospital–on aver-
age–than patients presenting to high-volume centers (6.10 days 
vs. 3.99 days). Increased LOS may often result in increased costs 
for both the patient and hospital, as well as increased risk of 
hospital acquired infection for the patient.26,27 Taken together, 
these findings suggest that patients and hospitals alike would 
benefit from the consolidation of spinal fusion surgery to high-
er volume, specialty centers. The aforementioned studies by 
Schoenfeld’s group identified a single volume benchmark for 
hospitals at 120 annual cases for anterior and posterior cervical 
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Fig. 3. Market share of annual spinal fusion cases for surgeons 
and hospitals.
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Fig. 2. (A) Hospital volume vs. length of stay (LOS) stratum-specific likelihood ratio (SSLR) threshold analysis. (B) Hospital vol-
ume vs. cost SSLR threshold analysis.

	 0	 1	 2	 3	 5	 10	 15	 20	 25	 50	 75	 81	 100	 126	 150	 200	 258	 300	 350	 400	 451	 472	 497	 525	 564
	 Low volume	 Medium volume	 High volume 

Annual spinal fusion volume

8

7

6

5

4

3

2

1

0

SS
LR

 le
ve

l 

A

	 0	 1	 2	 3	 5	 10	 20	 30	 40	 50	 75	 95	 100	 126	 150	 200	 250	 300	 350	 400	 451	 502
	 Low volume	 High volume 

Annual spinal fusion volume

1.5

1.0

0.5

0

SS
LR

 le
ve

l 

B

fusion.16 This benchmark is substantially below the threshold 
we identified at 472 annual cases, and more in line with our 
threshold for medium-volume centers. In this way, our study 
adds to the volume-value discussion by identifying additional 
thresholds above the existing benchmarks wherein hospitals 
can realize economies of scale and deliver more efficient, higher 
quality care to their patients. One possible explanation for this 
discrepancy is that Schoenfeld’s group used the Florida Inpa-
tient Dataset, which may have a different patient population 
composition than those in New York State, where some hospi-
tal annual spinal fusion volumes exceed 1,000. With respect to 
the relative market share of spinal fusion cases among hospital 
volume strata, our analysis revealed that high-volume centers 
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Fig. 4. Hospital comorbidities. APR, All Patient Refined.
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Fig. 5. Surgeon comorbidities.
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are not handling the majority of spinal fusion cases, outpaced 
marginally by medium-volume centers. It is worth noting that 
the medium-volume stratum included 333 hospitals, compared 
to only 100 included in the high-volume stratum. A more prom-
ising finding, however, was that low-volume centers only han-
dle 9.2% of spinal fusion surgeries, suggesting the existence of 
hospital-based economies of scale optimization in spinal fusion 
surgery. Nevertheless, these findings highlight a potential area 
for improvement in the delivery of high quality spinal fusion 
care in terms of increasing referral and access to high-volume 
spine centers. In the analysis of cost at the hospital volume level, 
we were unable to generate meaningful statistically significant 
thresholds, suggesting that additional variables contribute to 
the cost of spinal fusion surgery. This finding is unique com-
pared to analysis of other orthopaedic surgical modalities dem-
onstrating efficiency in cost with increased volume with statis-
tically significant thresholds. However, our analysis suggests 
that a delineation between high and low volume centers result-
ing in cost savings does exist. 

Why does a significant threshold for cost not exist? It may be 
attributed to the fact that hospitals are using different implants 
with varying overhead costs, which could not be accounted for 
with the studied database. It could also be that the complexity 

of higher volume cases is greater and thus requires additional 
resources. Utilizing a novel operative complexity index across 
141,357 patients, Paul et al.28 performed a retrospective analysis 
that showed high volume centers performed more complex 
cases moderately associated with increased total cost. Lastly, 
value may be derived is ultimately from reduced LOS rather 
than true cost per time savings. Additional investigation is nec-
essary to determine the nature of the fixed relationship between 
the volume of care and the cost efficiency that the hospital pro-
vides with respect to spinal fusion surgery. Potential drivers re-
sulting in a fixed cost relationship may include the relative dy-
namic nature of implant prices used by hospital and surgeons 
in spinal fusion surgery and the variable nature in recording 
how many levels were fused during spinal fusion surgery – a 
result of a poor administrative database. That said, the price of 
implants and surgery may be more fixed in spite of a variable 
number of levels incorporated. This could mean that value 
based care based on cost outputs may not be attainable or that 
additional variables are needed to be incorporated to under-
stand the nature of this relationship. 

With SSLR now available as a macroeconomic assessment 
tool of the procedural milieu in orthopedic surgery to examine 
value-volume relationships, we are able to expand the focus of 
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operational efficiencies. This study has ascertained that in spi-
nal fusion surgery there is both a direct relationship between 
volume and LOS, a variable value volume model, and there is 
likely a fixed relationship between volume and cost. The pres-
ent study has limitations that should be noted. The study's find-
ings were derived from the SPARCS administrative database, a 
statewide database offering limited case-specific information. 
This limitation prevented us from answering the question of 
whether or not high-volume surgeons and hospitals handle more 
complex cases than their low-volume counterparts in much de-
tail. Furthermore, interpretation of exact thresholds is depen-
dent upon the database, set of case, and outcome metric lever-
aged. Longer-term outcomes and a comprehensive nationwide 
database will allow for further delineation of established thresh-
olds. Thus, the current thresholds established from this study 
represent a benchmark for the value-volume relationship in 
spinal fusion surgery. Additional analysis of a more compre-
hensive database adjusted for patient comorbidities may allow 
for more definitive thresholds to be established. Furthermore, 
we propose that a single, holistic value-based index for spinal 
fusion surgical care be created based on a comprehensive na-
tional database set. 

Improving value of care in orthopaedic surgery is a pertinent 
endeavor given the significant extrinsic variability in costs of 
care including expensive implants and variability of healthcare 
teams charged with the care of a single patient. This study pro-
vides guidelines for a potential internal mechanism of improv-
ing value of spinal fusion care, wherein surgeons and hospitals 
can improve patient outcomes via increased surgical volume. 
Based on the findings of our study, there exists a statistically 
significant improvement in higher volume surgeons and hospi-
tals compared to those who perform a lower volume from a 
value-based perspective, although various other clinical param-
eters remain to be examined to elucidate further. Additional in-
vestigation is required to determine if the increased value asso-
ciated with higher volume surgeons and hospitals can be attrib-
uted to economies of scale or the training and experience of the 
surgeon. In this vein, further research which key factors drive 
costs and whether higher volume surgeons and hospitals com-
bined with increased organizational and structural efficiency as 
well as greater bargaining power for implants are able to pro-
vide better patient outcomes at reduced costs to hospitals.

CONCLUSION

This study identified evidence-based thresholds for spinal fu-

sion surgery wherein both surgeons and hospitals saw practical 
improvement in value of care as part of a variable model, where-
as cost remained part of a fixed model. Very high- and high-
volume surgeons perform the majority of spinal fusion cases; 
however, the largest proportion of these cases are handled by 
medium-volume centers. These findings highlight the role of 
consolidation and optimization to date in spinal fusion proce-
dures, as well as a potential area for improvement in terms of 
further consolidation towards higher volume specialty spine 
centers. Further research will focus on identifying the financial 
factors that may modify the volume-value relationship in spinal 
fusion care.
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