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Abstract

Background Whether compensation for professional ser-

vices drives the use of those services is an important

question that has not been answered in a robust manner.

Specifically, there is a growing concern that spine care

practitioners may preferentially choose more costly or

invasive procedures in a fee-for-service system, irrespec-

tive of the underlying lumbar disorder being treated.

Questions/purposes (1) Were proportions of interbody

fusions higher in the fee-for-service setting as opposed to

the salaried Department of Defense setting? (2) Were the

odds of interbody fusion increased in a fee-for-service

setting after controlling for indications for surgery?

Methods Patients surgically treated for lumbar disc her-

niation, spinal stenosis, and spondylolisthesis (2006–2014)

were identified. Patients were divided into two groups

based on whether the surgery was performed in the fee-for-

service setting (beneficiaries receive care at a civilian

facility with expenses covered by TRICARE insurance) or

at a Department of Defense facility (direct care). There

were 28,344 patients in the entire study, 21,290 treated in

fee-for-service and 7054 treated in Department of Defense

facilities. Differences in the rates of fusion-based proce-

dures, discectomy, and decompression between both

healthcare settings were assessed using multinomial

logistic regression to adjust for differences in case-mix and

surgical indication.

Results TRICARE beneficiaries treated for lumbar spinal

disorders in the fee-for-service setting had higher odds of

receiving interbody fusions (fee-for-service: 7267 of

21,290 [34%], direct care: 1539 of 7054 [22%], odds ratio

[OR]: 1.25 [95% confidence interval 1.20–1.30], p \
0.001). Purchased care patients were more likely to receive

interbody fusions for a diagnosis of disc herniation (ad-

justed OR 2.61 [2.36–2.89], p \ 0.001) and for spinal

stenosis (adjusted OR 1.39 [1.15–1.69], p\ 0.001); how-

ever, there was no difference for patients with

spondylolisthesis (adjusted OR 0.99 [0.84–1.16], p = 0.86).

Conclusions The preferential use of interbody fusion

procedures was higher in the fee-for-service setting irre-

spective of the underlying diagnosis. These results speak to

the existence of provider inducement within the field of

spine surgery. This reality portends poor performance for

surgical practices and hospitals in Accountable Care
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Organizations and bundled payment programs in which

provider inducement is allowed to persist.

Level of Evidence Level III, economic and decision

analysis.

Introduction

Prior research has demonstrated a great degree of vari-

ation both in terms of indications for spine surgical

intervention as well as the types of procedures performed

for a wide range of similar spinal disorders

[2, 5, 11, 15, 17, 20, 21]. Much of this variation involves

the use of high-intensity, expensive surgical interventions

such as instrumented interbody fusions [2, 5, 15, 17, 21].

At the same time, several authors have documented that

the increase in the use of interbody fusion-based proce-

dures was not only associated with increased risk of

complications and cost, but also occurred to some extent

in patients not typically indicated for these interventions

such as those with lumbar spinal stenosis [2, 5, 17].

These issues are important, particularly as surgeons,

practices, and hospitals look to respond to the number of

cost containment initiatives introduced in the era of

healthcare reform, including bundled payment programs,

value-based purchasing, and Accountable Care Organi-

zations [12].

One of the challenges to effectively studying procedural

variation in spine surgery is that it is difficult to discern the

source of disparities in surgical practice [7, 17, 20]. In

many respects, provider inducement, wherein surgeons

elect to use more expensive procedures because of a

financial incentive, has been postulated as a source [1, 20].

The phenomenon of provider inducement has been de-

scribed in a number of contexts, including renal

transplantation [1] and primary care [7, 9, 13]. It has also

been theorized to exist within the field of spine surgery

[5, 17], especially in the context of interbody fusion

because these procedures are estimated to pay as much as

three times the amount for a decompression [5]. To the best

of our knowledge, however, provider inducement within

spine surgery has not been effectively studied in the past.

This may be the result of the fact that it is often difficult to

determine physician compensation through claims-based

data capable of tracking large-scale variation in procedural

performance. The TRICARE insurance plan of the

Department of Defense (DoD) may serve as a more

effective setting to investigate this phenomenon, however,

given that the program functions within two different

environments of care: purchased care in which beneficia-

ries receive services at civilian centers in the fee-for-

service system and direct care in which services are pro-

vided at DoD facilities where providers are salaried

employees or contractors of the DoD [3, 18, 22]. TRI-

CARE is also a useful medium in which to conduct this

research because the universal insurance coverage and

benefits provided through the DoD eliminate an important

confounder in surgical decision-making [3, 7, 18, 20, 22].

In this context, we sought to evaluate variation in pro-

cedural utilization for three common lumbar spinal

disorders (disc herniation, spinal stenosis, and spondy-

lolisthesis) within the fee-for-service and salaried

healthcare settings. This is an ideal medium for the study of

provider inducement because disc herniation and spinal

stenosis are two conditions in which the standard inter-

vention is considered a decompression procedure and not

an interbody lumbar fusion, whereas the use of such

interbody procedures is more generally accepted in the

treatment of spondylolisthesis [5, 8, 10, 14, 17, 21]. In this

context, were the use of interbody fusions to be increased

among patients in the fee-for-service setting, this would be

seen as a signal of provider inducement because, in this

environment, reimbursement is directly tied to the type of

procedure performed by the surgeon [1, 13, 17].

We therefore sought to use TRICARE data as a natural

experiment to answer two questions: (1) Were proportions

of interbody fusions higher in the fee-for-service setting as

opposed to the salaried DoD setting? (2) Were the odds of

interbody fusion increased in a fee-for-service setting after

controlling for indications for surgery?

Patients and Methods

This was a retrospective study using information imparted

to the Military Health System Data Repository (MDR) for

beneficiaries receiving care under the auspices of the

TRICARE insurance program between 2006 and 2014.

TRICARE insurance is provided to all uniformed military

employees of the DoD and their dependents as well as

retirees and those separated as a result of a medical con-

dition associated with greater than 30% disability

[3, 18, 22]. TRICARE beneficiaries may receive care in the

fee-for-service civilian setting (purchased care) or through

a DoD medical facility (direct care) [3, 18, 22].

All major medical centers in the DoD provide spine

surgical services through salaried employees (uniformed

and civilian) or contractors who are orthopaedic spine

surgeons or neurosurgeons [19]. TRICARE is not involved

in the care of servicemembers in combat theaters [16] nor

does the plan provide services through the Veterans

Administration [18, 22]. TRICARE beneficiaries may

receive care in the purchased care setting for a variety of

reasons, including personal preference and location of their

residence. There are currently no categories of patients that

are systematically referred from the direct care to the
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purchased care setting. The MDR captures all information

on inpatient and outpatient insurance claims handled

through TRICARE irrespective of the environment of care

or the location of service. TRICARE data have previously

been utilized in other initiatives evaluating the delivery of

surgical services in a number of different contexts

[3, 18, 22]. Moreover, the broad demographic insured

through TRICARE, which covers individuals of extremely

varied sociodemographic, educational, professional, and

vocational backgrounds, has been considered representa-

tive of the American population aged 18 to 64 years in

prior studies [3, 16, 18, 22].

A query was performed using International Classifica-

tion of Diseases, 9th Revision (ICD-9) codes to identify all

TRICARE beneficiaries aged 18 to 64 years surgically

treated for a disc herniation (722.10, 724.4), lumbar spinal

stenosis (721.42, 721.91, 724.02), and spondylolisthesis

(738.4, 756.11, 756.12). Patients aged 65 years and older as

well as those otherwise eligible for Medicare services were

excluded from review. Revision procedures were not

included. Demographic data were extracted for identified

individuals including age at the time of surgery, race,

biologic sex, census region, number of medical comor-

bidities as defined by the modified Charlson index [4],

sponsor military rank, type of surgery performed, and

whether services were delivered in the direct or purchased

care setting. Race was defined as white or nonwhite with

nonwhite including individuals characterized as black,

Asian, Hispanic, and other race. Sponsor military rank was

classified as officer, enlisted junior (lowest four ranks in

any branch of service), senior enlisted (noncommissioned

officers), and other (warrant officers and cadets). In line

with prior research using TRICARE data, sponsor military

rank was considered a proxy for socioeconomic status in

this analysis with individuals in the enlisted junior category

maintained to be representative of those in lower socioe-

conomic circumstances [6, 16, 18, 22]. The type of surgical

intervention was determined using ICD-9 procedure codes

and defined as discectomy, decompression, posterolateral

fusion, and interbody fusion using a previously published

algorithm [17].

Within each lumbar disorder (such as disc herniation,

spinal stenosis, spondylolisthesis), initial bivariate com-

parisons were made between the type of surgery

(discectomy, decompression, posterolateral fusion, and

interbody fusion) and the environment of care (purchased

versus direct care) using the chi-square test. Adjustments

were then made for case-mix (age, race, biologic sex,

medical comorbidities, sponsor rank, and census region)

using multinomial logistic regression. In regression test-

ing, the direct care setting was used as the referent for the

environment of care and interbody fusion was compared

with the other types of surgical intervention. The results

of regression tests were reported using an odds ratio

(OR), 95% confidence interval (CI), and p value. Statis-

tically significant results were maintained to be those that

demonstrated p values \ 0.05 and 95% CIs exclusive of

1.0 after multinomial logistic regression analysis. All

statistical testing was performed using SAS Version 9.3

(Cary, NC, USA). Our institutional review board deter-

mined that this investigation was exempt from full

review.

A total of 28,344 patients met all inclusion criteria,

21,290 (75%) treated in the purchased care setting and

7054 (25%) in direct care. The average age of the entire

study cohort was 43 years (SD 12) and 63% (n = 18,005) of

the population were men (Appendix 1 [Supplemental

materials are available with the online version of

CORR1.]). Sixteen percent of the population had at least

one medical comorbidity. The majority of patients (n =

17,046 of 28,344 [60%]) derived from the South. The fee-

for-service setting treated patients who were older on

average and a higher percentage of nonwhites, females, and

those with a higher comorbidity count (Table 1). As a

result of the size of our sample, there were differences in

case-mix between the fee-for-service and salaried health-

care settings. Most patients (n = 18,900 of 28,344 [67%]) in

both settings were treated for a diagnosis of disc herniation.

Spondylolisthesis was the indication for surgery in 4705 of

28,344 instances (17%) with spinal stenosis diagnosed in

4739 of 28,344 (17%).

Results

TRICARE beneficiaries treated for lumbar spinal disorders

in the fee-for-service setting had higher odds of receiving

interbody fusions (fee-for-service: 7267 of 21,290 [34%],

direct care: 1539 of 7054 [22%], OR: 1.25 [1.20–1.30], p\
0.001). Fifty-five percent (3852 of 7054) of all procedures

performed in the salaried DoD setting were discectomies as

opposed to 39% (8222 of 21,290) of surgical interventions

in the fee-for-service setting. Interbody fusions were per-

formed in 22% (1539 of 7054) of all lumbar spine surgeries

in the DoD setting as compared with 34% (7267 of 21,290)

of procedures in the fee-for-service setting (Table 2).

Purchased care patients were more likely to receive

interbody fusions for a diagnosis of disc herniation (ad-

justed OR 2.61 [2.36–2.89], p \ 0.001) and for spinal

stenosis (adjusted OR 1.39 [1.15–1.69], p\ 0.001); how-

ever, there was no difference for patients with

spondylolisthesis (adjusted OR 0.99 [0.84–1.16], p = 0.86).

Beneficiaries with disc herniations in the fee-for-service

setting were more likely to receive interbody fusions when

compared with discectomies (adjusted OR: 2.66 [2.40–

2.95], p\ 0.001) and decompressions (adjusted OR: 4.17
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[3.64–4.77], p\ 0.001; Table 3). Individuals with lumbar

spinal stenosis treated in the fee-for-service setting were

also more likely to undergo interbody fusion as compared

with discectomy (adjusted OR: 2.18, 95% CI, 1.58–3.01, p

\ 0.001) and decompression (adjusted OR: 1.67, 95% CI,

1.36–2.04, p \ 0.001; Table 4). Among those with

spondylolisthesis, no difference between the purchased

care and direct care settings was encountered for treatment

with decompression (adjusted OR: 1.72, 95% CI, 1.0–2.97,

p = 0.05) or posterolateral fusion (adjusted OR: 0.99, 95%

CI, 0.83–1.18, p = 0.91) as compared with interbody fusion

(Table 5).

Table 1. Demographic characteristics of patients treated for lumbar spinal disorders in the purchased (fee-for-service) and direct (salaried

Department of Defense) care settings

Variable Direct care Purchased care p value

Age (years; mean, SD) 39 (11) 45 (12) \ 0.001

White (%) 5375 (76) 13,761 (65) \ 0.001

Male (%) 5359 (76) 12,646 (59) \ 0.001

Sponsor rank (%) \ 0.001

Enlisted junior 1243 (18) 1935 (9)

Enlisted senior 4292 (61) 15,577 (73)

Officer 1300 (18) 3069 (14)

Other 199 (3) 642 (3)

Census region (%) \ 0.001

Midwest 385 (5) 2490 (12)

Northeast 123 (1) 1058 (5)

South 4295 (61) 12,751 (60)

West 2163 (31) 4857 (23)

Charlson comorbidity count (%) \ 0.001

0 6463 (92) 17,371 (82)

1 504 (7) 3260 (15)

C 2 87 (1) 659 (3)

Table 3. Estimations of the effect of the environment of care on procedure choice in the purchased (fee-for-service) and direct (salaried

Department of Defense) care settings for patients with a diagnosis of disc herniation

Surgical procedure Direct care

(n = 5245)

Purchased care

(n = 13,665)

Unadjusted odds ratio versus

interbody fusion (95% CI)

Adjusted odds ratio versus

interbody fusion (95% CI)

p value

Interbody fusion 532 (10%) 3355 (25%) Referent Referent

Discectomy 3765 (72%) 7916 (58%) 3.00 (2.72–3.13) 2.66 (2.40–2.95) \ 0.001

Decompression 813 (16%) 1220 (9%) 4.2 (3.70–4.77) 4.17 (3.64–4.77) \0.001

Posterolateral fusion 135 (3%) 1164 (9%) 0.73 (0.60–0.89) 0.73 (0.59–0.90) 0.003

CI = confidence interval.

Table 2. Number and type of spine surgical procedures performed in the purchased (fee-for-service) and direct (salaried Department of

Defense) care settings

Type of spine surgical procedure Direct care (n = 7054) Purchased care (n = 21,290) Odds ratio (CI) p value

Interbody fusion 1539 (22%) 7267 (34%) 1.25 (1.20-1.30) \ 0.001

All others 5515 (78%) 14,023 (66%) Referent

Discectomy 3852 (55%) 8222 (39%)

Decompression 1221 (17%) 3054 (14%)

Posterolateral fusion 442 (6%) 2747 (13%)

CI = confidence interval.
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Discussion

Whether provider-induced demand, where compensation

for professional services drives the use of those services,

exists in the field of spine surgery is an important question

that has yet to be sufficiently answered [1, 7, 9, 13].

Understanding the drivers of procedural variation in spine

surgery is especially important in the health reform era,

because the organizations best situated for success in this

environment will be those that can effectively reduce

unwanted surgical variation and diminish clinical waste

[12, 17], including provider inducement if such a phe-

nomenon truly exists. In this analysis we performed a

natural experiment, evaluating variation in the use of

interbody fusion procedures performed for three common

lumbar disorders in the fee-for-service and salaried DoD

settings of the TRICARE system. In the context of our

study, whether a patient was treated in the direct or pur-

chased care setting could be viewed as a random event, and

if the use of interbody fusions was increased among

patients in the fee-for-service setting, this would serve as a

signal of provider inducement. The main findings of this

study indeed point to the existence of such a phenomenon,

because TRICARE beneficiaries treated in the fee-for-ser-

vice setting had a higher likelihood of receiving interbody

fusions regardless of the indication for surgery. Although

these same patients were also more likely to receive

interbody fusions for a diagnosis of disc herniation and for

spinal stenosis, there was no difference in the utilization of

interbody fusions for patients with spondylolisthesis

between the direct and purchased care settings.

We recognize that there are a number of limitations

associated with this work. Foremost, as a retrospective

study that utilized administrative data, there is the potential

for errors in coding and lack of clinical specificity to

confound our results. We attempted to adjust for these

issues to the fullest extent possible by accounting for dif-

ferences in case-mix, including age and biologic sex,

between beneficiaries treated in the disparate environments

of care. Similarly, the lack of clinical specificity inherent in

any claims-based analysis impairs our capacity to speak to

the appropriateness of the interventions selected in either

environment of care. It is possible that interbody fusion

procedures may be overutilized in the fee-for-service set-

ting or underutilized by salaried surgeons in DoD facilities,

although our finding of no difference in the use of these

procedures for the one indication (spondylolisthesis) in

which such interventions are supported by studies

[8, 10, 14] speaks against this fact. As a claims-based

registry, we recognize that we do not have any information

on radiographic findings, severity of disease, disability or

pain scores, or procedural rationale. However, there is no

evidence to support the contention that the rationale for

surgical intervention or approaches to care differs between

the fee-for-service and direct care settings [3, 18, 22].

Lastly, other than documenting differences in procedural

selection between fee-for-service and salaried surgeons, we

cannot truly elucidate their underlying motivations.

Table 4. Estimations of the effect of the environment of care on procedure choice in the purchased (fee-for-service) and direct (salaried

Department of Defense) care settings for patients with a diagnosis of spinal stenosis

Surgical

procedure

Direct care

(n = 680)

Purchased care

(n = 4059)

Unadjusted odds ratio versus

interbody fusion (95% CI)

Adjusted odds ratio versus

interbody fusion (95% CI)

p value

Interbody fusion 172 (25%) 1343 (33%) Referent Referent

Discectomy 75 (11%) 231 (6%) 2.54 (1.87–3.44) 2.18 (1.58–3.01) \ 0.001

Decompression 384 (56%) 1776 (44%) 1.69 (1.39–2.05) 1.67 (1.36–2.04) \0.001

Posterolateral fusion 49 (7%) 709 (17%) 0.54 (0.39–0.75) 0.50 (0.35–0.71) \0.001

CI = confidence interval.

Table 5. Estimations of the effect of the environment of care on procedure choice in the purchased (fee-for-service) and direct (salaried

Department of Defense) care settings for patients with a diagnosis of spondylolisthesis

Surgical procedure Direct care

(n = 1129)

Purchased care

(n = 3576)

Unadjusted odds ratio versus

interbody fusion (95% CI)

Adjusted odds ratio versus

interbody fusion (95% CI)

p value

Interbody fusion 835 (74%) 2569 (72%) Referent Referent

Discectomy 12 (1%) 75 (2%) 0.49 (0.27-0.91) 0.52 (0.27-0.98) 0.043

Decompression 24 (2%) 58 (2%) 1.27 (0.79-2.06) 1.72 (1.00-2.97) 0.051

Posterolateral fusion 258 (23%) 874 (24%) 0.91 (0.77-1.07) 0.99 (0.83-1.18) 0.91

CI = confidence interval.

2842 Schoenfeld et al. Clinical Orthopaedics and Related Research1

123



Although differences in reimbursement remain the most

likely explanation, other factors may influence surgical

decision-making including the desire to remain technically

proficient in the performance of specific procedures and

intangible social and professional benefits that may accrue

from being viewed as a highly skilled and productive

surgeon irrespective of the means of compensation. We

believe, however, that these social and professional moti-

vations are as likely to exist among the orthopaedic spine

and neurosurgical providers in the fee-for-service system as

the salaried DoD environment and thus are not a logical

explanation for the results encountered in this work.

TRICARE beneficiaries were more likely to receive

lumbar interbody fusion procedures in the fee-for-service

setting. Based on previous work [5, 17], this may be a

direct result of provider inducement attributable to the

increased reimbursement associated with interbody fusion

procedures. The results of this analysis hold importance for

surgeons, hospitals, third-party payers, and the federal

government. Fusion-based procedures are known to be as

much as three times as expensive as standalone decom-

pression surgeries [5]. Moreover, they are also known to be

associated with a higher risk of complications and read-

mission [5, 8, 17]. All of these factors may culminate in

financial losses for centers treating large numbers of

patients with spinal disorders in the postreform healthcare

environment if provider inducement is allowed to persist.

In addition, value-based purchasing models and narrowed

insurer networks may indirectly target surgeons who

engage in provider inducement as a result of their associ-

ated higher costs of care. This will adversely impact those

surgical practices as well as the patients under their care.

Patients with disc herniations and spinal stenosis in the

fee-for-service setting were also substantially more likely

to receive an interbody fusion as opposed to the decom-

pression-type procedure generally advocated in the

literature [5, 14, 17, 20]. Like with most clinical variation

in medicine, the phenomenon of provider inducement

stems from a lack of consensus regarding optimal indica-

tions for procedure selection [17, 20]. Higher quality

research and appropriate use guidelines from surgical

societies and governing bodies may go a long way toward

ameliorating clinical uncertainty on this topic. At the same

time, surgeons and hospitals may elect to engage in

external benchmarking regarding the use of interbody

fusion procedures and the clinical rationale for such

interventions. The inability to engage in these kinds of

initiatives may engender situations in which surgical

practices and hospital systems are positioned for failure in

the risk-based reimbursement environment of American

health care.

More expensive and complex interbody fusion proce-

dures were performed at substantially greater rates in the

fee-for-service setting in this study irrespective of the

indication for surgery. In many instances, these procedures

were performed on patients who did not have a generally

accepted indication for a fusion-based intervention,

including those with disc herniations and spinal stenosis.

At the same time, no difference in the use of interbody

fusion was appreciated between the fee-for-service and

salaried healthcare settings for spondylolisthesis, a condi-

tion in which the need for these procedures is accepted.

These results speak to the existence of provider inducement

within the field of spine surgery. This reality portends poor

performance for surgical practices and hospitals in

Accountable Care Organizations and bundled payment

programs in which provider inducement is allowed to

persist.
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