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Abstract
Background
In a bundled payment system, a single payment covers all costs associated with a single episode of care. Spine
surgery may be well suited for bundled payments because of clearly defined episodes of care, but the impact on
current practice has not been studied. We sought to examine how a theoretical bundled payment strategy with fi-
nancial disincentives to resource utilization would impact practice patterns.

Methods
A multiple-choice survey was administered to spine surgeons describing eight clinical scenarios. Respondents were
asked about their current practice, and then their practice in a hypothetical bundled payment system. Respondents
could choose from multiple types of implants, bone grafts, and other resources utilized at the surgeon's discretion.

Results
Forty-three respondents completed the survey. Within each scenario, 24%-49% of respondents changed at least one
aspect of management. The proportion of cases performed without implants was unchanged for four scenarios and
increased in four by an average of 8%. Use of autologous iliac crest bone graft increased across all scenarios by an
average of 18%. Use of neuromonitoring decreased in all scenarios by an average of 21%. Differences in costs were
not statistically significant.

Conclusions
Financial disincentives to resource utilization may result in some changes to surgeons' practices but these appear
limited to items with less clear benefits to patients. Choices of implants, which account for the majority of intra-
operative costs, did not change meaningfully. A bundling strategy targeting peri-operative costs solely related to
surgical practice may not yield substantive savings while rationing potentially beneficial treatments to patient care.
Level of Evidence: 5.

keywords: patient protection and affordable care act, spine surgery, bundled payments, health care reform, cost, resource uti-
lization
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Introduction
The growth of health care spending in the United
States has reached a rate and magnitude that is no
longer considered sustainable. The high cost of
health care, among other issues, directly led to the
push for healthcare reform that culminated in the
passage of the Patient Protection and Affordable
Care Act (PPACA). Among the multiple statutes that
make up the law is a provision calling for the design

of alternative payment systems to the fee-for-service
reimbursement model currently used in the U.S.1,2

As mandated by PPACA, the Center for Medicare
and Medicaid, a federal agency that administers gov-
ernment insurance programs, currently has intro-
duced four models of bundled payment systems
through its Bundled Payment for Care program.3

Three represent no significant change from fee-for-
service, while the fourth is a prospective model con-
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sisting of bundled payments to hospitals inclusive of
physician services.4 “Bundled” payment is a single
payment that is supposed to cover all costs associat-
ed with a single episode of care. A bundled payment
system shifts the risk of cost management from payer
to provider and theoretically creates shared responsi-
bility for cost control amongst all stakeholders.5

Between 2000 and 2010, close to $290 billion was
spent in the U.S. on fusion-based procedures involv-
ing the spine, representing close to 4 million surgical
episodes.6 Among Medicare beneficiaries (generally
Americans age 65 years and over), the cost of care as-
sociated with spinal conditions has risen by a factor
of 15 over the last decade and now approximates pay-
ments related to the management of other chronic
diseases such as diabetes.7 In addition to considera-
tions of cost, spine surgery may be well-suited for
bundled payments because of clearly defined
episodes of care and usual related expenses;8 cervical
and lumbar spinal fusions are listed as episodes of
care that may be subject to bundled payments by the
Centers for Medicare and Medicaid Services.9 One
of the challenges of bundled payment systems is find-
ing the appropriate balance of financial risk between
payers and providers. A potential pitfall is that physi-
cians are financially disincentivized from providing
some elective services. The impact of this potential
negative conflict of interest has not been studied in
spine surgery.

The goal of this study was to determine if a theoreti-
cal bundled payment strategy that shifted the finan-
cial risk associated with resource utilization to sur-
geons would result in a change in practice patterns.
We examined how this would affect the selection of
resources utilized at the surgeon’s discretion in eight
commonly encountered elective clinical scenarios.
The resources examined are a comprehensive repre-
sentation of the decisions faced by surgeons in the
peri-operative period.

Materials and Methods
A multiple-choice survey (see Appendix) was admin-
istered to members of the Association for Collabora-
tive Spine Research, a multi-specialty national acade-
mic organization comprising spine surgeons from

North America with an interest in collaborative re-
search using an online survey software and question-
naire tool (Surveymonkey, Palo Alto, CA).

Study population
Eligible respondents were practicing neurosurgeons
or orthopaedic spine surgeons. Respondents were
presented with 8 clinical scenarios (5 cervical, 3 lum-
bar) for degenerative spinal conditions for which a
decision to perform surgery had already been made
(Table 1).

Development of the survey tool
Key clinical domains, case scenarios, and language
were identified in an iterative fashion. The key do-
mains that were thought to change based on negative
incentives were instrumentation, bone graft, proce-
dure type, and utilization of ancillary services such
as orthotics and intra-operative neurophysiologic
monitoring (neuromonitoring). Five common cervi-
cal and three common lumbar case vignettes were
developed in a manner suggestive of a particular type
of operative intervention. Each case differed materi-
ally from the other cases in a manner that would re-
flect complex implant choices in surgical decision-
making. The scenarios varied by clinical severity,
case complexity, and technical difficulty.

Study design
Within each scenario, respondents were asked to de-
scribe their current approach to treatment for the
condition described. They were then asked to con-
sider changes to their practice in the setting of a hy-
pothetical bundled payment system. The theoretical
bundled payment model was described to respon-
dents as one in which payments allocated to physi-
cian compensation were affected by resources uti-
lized at their discretion, such that payment to the
physician was reduced proportionately to the cost of
the resources. In the model, there was no adjustment
made for any difference in patient outcome.

For each scenario, respondents were able to choose
from multiple types of surgical implants; bone graft,
if applicable; as well as additional services or treat-
ments. In general, fusion-based procedures involving
the cervical or lumbar spine require implants and
bone graft, whereas uninstrumented fusion utilizes
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bone graft only, and decompression (e.g. laminecto-
my) does not employ either. The respondents were
allowed to choose as few or as many of the options as
desired, but were constrained to the multiple options
listed. Because the published list price for implants
can differ considerably from actual price, the cost for
each option was clearly delineated from actual cost
data of one urban tertiary care hospital in the north-
eastern United States. Costs for neuromonitoring
were obtained from the same institution using actual
charges. Specific cost information is not included
here in compliance with hospital policy.

For cervical spine surgery (cases 1-5), treatment op-
tions consisted of anterior plate and screws, total disc
replacement, combined plate-screw device, lateral
mass screws and rods, and no implants (uninstru-
mented fusion, laminoforaminotomy, or laminecto-
my). Bone graft options included autologous iliac
crest bone graft (harvested from the patient), poly-
ether ether ketone (PEEK) interbody device with
morselized graft, structural allograft, tri-cortical allo-
graft, and allograft demineralized bone matrix. Addi-

Table 1. Description of each clinical scenario and the most common combination of procedure, bone graft, and additional treatments chosen by respondents as
current practice. (TLIF=transforaminal lumbar interbody fusion).

tional treatment choices were comprised of neu-
romonitoring, intra-operative autologous blood re-
covery ("cell saver"), hard cervical orthosis, and ex-
ternal bone stimulator (a wearable device to stimulate
bone fusion).

For lumbar spine surgery (cases 6-8) treatment op-
tions included pedicle screws and rods, cross-link,
minimally invasive pedicle screws (higher cost than
regular pedicle screws), minimally invasive lateral re-
tractor system, lateral approach interbody fusion de-
vice, lateral plate and screws, non-fusion inter-
spinous device, transforaminal lumbar interbody fu-
sion (TLIF) device, and uninstrumented fusion.
Bone graft options included autologous iliac crest
bone graft, allograft demineralized bone matrix,
femoral ring allograft, and recombinant human bone
morphogenic protein-2. Additional treatment op-
tions entailed neuromonitoring, cell saver, lum-
bosacral orthosis (LSO), and external bone stimula-
tor.

Scenario C6-C7 disc herniation with monoradiculopathy in a 60 year old non-smoker
1

Current Instrumented fusion with anterior plate and screws, structural allograft, neuromonitoring, and hard collar

Scenario C6-C7 disc herniation with monoradiculopathy in a 50 year old smoker with active worker’s compensation claim
2

Current Instrumented fusion with anterior plate and screws, structural allograft, neuromonitoring, and hard collar

Scenario C5-6, C6-C7 disc herniation with monoradiculopathy in a 60 year old non-smoker
3

Current Instrumented fusion with anterior plate and screws, structural allograft, neuromonitoring, and hard collar

Scenario C4-C5, C5-C6, C6-C7 disc herniation with monoradiculopathy in a 50 year old smoker with active worker’s compensation claim
4

Current Instrumented fusion with anterior plate and screws, structural allograft, neuromonitoring, and hard collar

Scenario C3-C4, C4-C5, C5-C6, C6-C7 disc herniation with cervical spondylotic myelopathy in a 70 year old
5

Current Instrumented fusion with lateral mass screws, iliac crest autograft, allograft demineralized bone matrix, neuromonitoring, and hard collar

Scenario L3-L4 isthmic spondylolisthesis with symptomatic radiculopathy in a 50 year old non-smoker
6

Current Instrumented fusion with pedicle screws and rods, TLIF device, neuromonitoring; no consensus on bone graft

Scenario L4-L5 degenerative spondylolisthesis with neurogenic claudication in a 50 year old non-smoker
7

Current Instrumented fusion with pedicle screws and rods, TLIF device, neuromonitoring; no consensus on bone graft

Scenario L2-L5 degenerative 40-degree scoliosis with 3 mm L3-L4 and L4-L5 lateral listhesis and neurogenic claudication in a 50 year old non-smoker
8

Current Instrumented fusion with pedicle screws and rods, allograft demineralized bone matrix, neuromonitoring, cell saver

doi: 10.14444/3019
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Statistical Methods
Each respondent's choices for current practice and
the bundled system for each clinical scenario were
examined for differences. Any difference in implant
choice for the bundled system was considered a
change in procedure, even if the change involved on-
ly one of multiple implants chosen as current prac-
tice (e.g., current practice of an instrumented poste-
rior lumbar fusion with interbody fusion device
would change to an instrumented posterior lumbar
fusion without interbody fusion device in the bun-
dled system; this would be considered a change in
procedure). Differences in costs between current
practice and the bundled system for each scenario
were examined for statistical significance using the
Student t-test.

In order to better characterize the results of the sur-
vey, which allowed many combinations of choices by
respondents, the choices were grouped together to
allow clinically meaningful data analysis: for “proce-
dure,” cases were grouped into those utilizing im-
plants ("instrumented") and those that did not, i.e.,
uninstrumented fusion and decompression only. For
“bone graft,” which is necessary for fusion surgery
only, cases were grouped into those utilizing autolo-
gous iliac crest bone graft and those that used an al-
ternative bone graft such as allograft. Among “addi-
tional treatments,” proportions of cases utilizing
neuromonitoring and a cervical orthosis or LSO were
considered. Changes from current practice with the
bundled system were measured by comparing the dif-
ferences in proportions using the Pearson’s Chi-
square test. If an event maintained a frequency less
than five, the Fisher’s Exact test was used instead.
Statistical significance was set as p<0.05.

Results
Respondents consisted of 43 spine surgeons sur-
veyed (Table 2). Of the 40 respondents who com-
pleted optional demographic information, there were
24 orthopaedic surgeons and 16 neurosurgeons; 35
had completed a fellowship in spinal surgery; 31 re-
ported an academic practice type and 9 private prac-
tice. Eight reported 1-5 years of work experience, 9
reported 5-10 years, 10 reported 10-15 years, and 13
reported>15 years. Twenty-five were employed by a

hospital or health system, 7 were in a private group, 2
were in solo practice, and 1 reported working for an
Accountable Care Organization.

For illustrative purposes, the most frequent combi-
nation of procedure, bone graft, and additional treat-
ments selected by respondents for each scenario is
shown in Table 1. For all 8 scenarios, the hypotheti-
cal bundled payment system resulted in changes in
management (Table 3, Table 4). Between 24% and
49% of respondents stated they would change at least
one aspect of their management for a given scenario.
Most changes occurred in decisions about bone graft
and additional treatments, rather than the procedure
(Table 5). Although respondents’ choices in bundled
systems had lower average total costs than the cur-
rent practice average total costs, none of the differ-
ences for the 8 scenarios were statistically significant.

Comparing the change in choices from current prac-
tice for the bundled system, the proportion of unin-
strumented cases was unchanged for 4 scenarios and
increased for 4 scenarios by an average 8% (range,
2-10%); none of these differences were statistically
significant (Table 3). In the bundled system, the pro-
portion of respondents choosing autologous iliac
crest bone graft increased for all 8 scenarios, while
the proportion utilizing neuromonitoring or post-

Table 2. Characteristics of survey respondents (provided by 40 of 43).

n %

Specialty

Orthopaedic Surgery 24 60%

Neurosurgery 16 40%

Practice type

Academic 31 78%

Private Practice 9 23%

Work experience

1-5 years 8 20%

5-10 years 9 23%

10-15 years 10 25%

>15 years 13 33%
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operative hard collar or LSO decreased for all scenar-
ios. Use of autologous iliac crest bone graft increased
by an average 18% (9-24%) and this difference was
statistically significant in 3 scenarios. Use of neu-
romonitoring decreased by an average 21% (5-34%)
and this difference was statistically significant in 4
scenarios. Use of hard collar or LSO decreased by an
average 9% (3-21%), but none of the differences was
statistically significant.

Discussion
Our results support the position that alternative pay-
ment schemes can play a role in altering physician
behavior. The hypothetical bundled payment system
used in this survey, with its clear bias against utiliza-
tion of peri-operative resources by providing finan-
cial disincentives for their use, resulted in changes in

Table 3. Proportion of respondents for each scenario who chose uninstrumented surgery (no implants), autologous iliac crest bone graft (for fusion surgery),
neuromonitoring, and hard collar or lumbosacral orthosis (LSO) for fusion surgery. (ICBG=iliac crest bone graft).

Table 4. Case 7. The highest proportion of respondents changing procedure (22%) occurred for case 7, but the changes are minor. Two respondents switched from
minimally invasive to traditional pedicle screws and rods, and 8 fewer TLIF devices would be used. (TLIF=transforaminal lumbar interbody fusion).

some aspect of management in an average of 42% of
respondents within each scenario. The approach uti-
lized in this experiment was simple by design and
limited to the impact of financial considerations on
perioperative decision-making. Though it does not
fully capture the complexity of clinical practice nor
currently proposed bundled payment systems (e.g.,
risk adjustment for patient factors, post-acute care),
it could be used as a template for similar initiatives
within specialties such as hand surgery, joint replace-
ment, otolaryngology and vascular surgery.

The findings also highlight important limitations in-
herent to strategies that emphasize surgical costs as
the primary means of realizing savings.10 Although
respondents were provided accurate information re-
garding the expense of implants used for instrument-
ed fusion surgery, the proportion of procedures cho-

Uninstrumented ICBG Neuromonitoring Brace

Case Current Bundled p Current Bundled p Current Bundled p Current Bundled p

1 13% 23% 0.24 3% 17% 0.06 63% 29% 0.002 49% 28% 0.07

2 15% 25% 0.26 20% 41% 0.07 63% 32% 0.004 50% 34% 0.23

3 3% 3% 1.0 3% 20% 0.03 66% 46% 0.08 50% 43% 0.50

4 10% 10% 1.0 19% 32% 0.18 61% 39% 0.05 54% 51% 0.82

5 20% 27% 0.43 27% 37% 0.42 73% 68% 0.62 55% 50% 0.72

6 0% 2% 1.0 22% 41% 0.06 56% 39% 0.12 29% 24% 0.62

7 0% 0% 1.0 20% 44% 0.02 61% 39% 0.05 27% 20% 0.43

8 0% 0% 1.0 27% 49% 0.04 68% 54% 0.17 32% 27% 0.62

Current Bundled

Pedicle screws and rods 38 40

Minimally invasive pedicle screw system 3 1

TLIF device 28 20

Minimally invasive lateral retractor system 1 1

Cross link 1 1

Uninstrumented 0 0

doi: 10.14444/3019
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sen without use of implants did not increase enough
to reach statistical significance in any scenario. This
explains the lack of findings regarding statistically
significant changes in costs, as the price of implants
represented the largest component of the expense of
surgery. The use of implants to decrease the rate of
pseudarthrosis after spinal fusion surgery is well es-
tablished.11,12 The results suggest that, despite finan-
cial disincentives discouraging the use of implants,
the spine surgeons surveyed would continue to uti-
lize them for fusion surgery in order to maximize the
likelihood of a successful fusion. It should be noted
that there have been multiple initiatives reported that
can decrease the cost of implants,13 but examining
cost variability within the same class of implant is be-
yond the scope of this paper.

In all scenarios, bundled payments resulted in higher
proportion of iliac crest harvest, fewer cases utilizing
neuromonitoring, and less brace use. Despite the
purported benefits of bone graft substitutes, neu-
romonitoring, and bracing, the results indicate that
respondents can be influenced to change behavior,
perhaps because the benefits are perceived as less
certain. Autologous iliac crest bone graft harvesting
has been associated with donor site morbidity and
pain,14 which would be eliminated by use of a bone
graft substitute. Neuromonitoring allows for constant
real-time testing of the patient’s neurologic status
during surgery, which increases the safety of spine
surgery by warning the surgeon of a potential neuro-
logic injury. Cervical and lumbar orthoses provide
external immobilization of the spine and may en-

Table 5. Proportion of respondents who changed treatment choices between current practice and the bundled system. Additional treatments include
neuromonitoring, cell saver, hard collar or lumbosacral orthosis, or external bone stimulator.

hance the likelihood of successful fusion, although
the need for external immobilization, particularly in
the setting of rigid internal fixation, has been ques-
tioned in recent years.15 Likewise, some publications
have reported the morbidity associated with iliac
crest harvest to be minor,16 and consequently chal-
lenged the need for bone graft substitutes.17 Neuro-
logic injury, though potentially devastating, is a rare
complication of spine surgery, and therefore routine
use of a resource that is usually unnecessary may not
be cost-effective. However, our data also demon-
strate that bundling may prompt surgeons to risk-
adjust the need for neuromonitoring based on case
complexity.18 For example, in case 5, which presented
a complex surgery involving the cervical spinal cord,
68% of respondents would utilize neuromonitoring in
the bundled scenario as compared to 73% who em-
ploy neuromonitoring in current practice.

These findings demonstrate the limitations of a strat-
egy that focuses solely on perioperative resource uti-
lization at the expense of other factors that have im-
portant roles in determining cost and quality. Mc-
Carthy, et al previously analyzed predictors of direct
costs of adult spinal deformity surgery. While the
type of surgery was a significant contributor, other
variables with substantial marginal effects were age
and length of stay.19 The same authors, using a differ-
ent cohort of adult spinal deformity patients, found
that re-operation dramatically altered the total costs
incurred for an individual’s surgical care.20 The im-
pact of adverse events on costs was further illustrat-
ed by Hellsten, et al, who reported that adverse

Case Change any aspect Change procedure Change bone graft Change additional treatments

1 46% 10% 22% 39%

2 46% 12% 23% 41%

3 37% 0% 23% 22%

4 44% 2% 16% 39%

5 24% 7% 15% 17%

6 44% 17% 27% 20%

7 44% 22% 27% 29%

8 49% 12% 39% 29%
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events occurring in patients undergoing spine
surgery over a 4 year period contributed to $8.4 mil-
lion in additional costs, which accounted for 16% of
total direct costs.21 Spending on post-acute care has
been identified as a main driver in Medicare spend-
ing.22 Decreasing the frequency and severity of ad-
verse events, preventing re-operation, decreasing
length of stay, and judicious utilization of post-acute
care all represent opportunities for cost-savings and
quality improvement. While the spine surgeon serves
an important role in some of these determinations,
many are not in their control. It is unlikely that sub-
stantive savings can be actualized without a concert-
ed effort on the part of hospitals and payers, as well
as a change in attitudes by all stakeholders toward re-
sponsible stewardship of healthcare resources.

Strengths of the study include the design of the sur-
vey, which contained scenarios, cost information,
and treatment choices of high clinical relevance. The
treatment options mirrored decision-making that oc-
curs in clinical practice. Limitations include restrict-
ing respondents to the options contained in the sur-
vey. A survey may also not reflect actual behavior.
Clinical outcome was not a consideration. The clini-
cal scenarios were single sentence descriptions that
may also not have provided enough information for
respondents to choose treatment options. Moreover,
the respondents may not accurately reflect the broad-
er spine surgical community, though a range of expe-
rience, practice pattern and geographic locations was
represented. The impacts of practice pattern and in-
herent treatment biases of individual surgeons on
decision-making are important, but difficult to con-
trol for. A larger number of respondents may have
detected differences that reach statistical signifi-
cance. However, considering the length of the sur-
vey, administering it to the members of a larger orga-
nization would have likely resulted in a low response
rate that would create problematic non-response
bias. Finally, the study examines only one decision
among many available to the surgeon as they consid-
er how best to treat a patient. It does not address pos-
sible impacts of decision-making during pre-
operative and post-operative management and the
potential savings to be realized in those areas. How-
ever, because implants make up a large proportion of
cost, approximately 60% of the direct costs of fu-

sions,20,23 we believe this facet of management merits
study.

In conclusion, a survey of spine surgeons revealed
that financial disincentives to resource utilization
would result in limited changes to surgeon choices,
with some decreased utilization of items with less
clear benefits to patients. Choices related to im-
plants, which account for the majority of intra-
operative costs, did not change meaningfully.
Though theoretical, a strategy that targets solely the
surgeon to decrease perioperative costs and is actual-
ized through changes in surgical practice may not
yield substantial savings while resulting in the ra-
tioning of potentially beneficial treatments. The
promise of bundled payments lies in aligning inter-
ests and sharing responsibility among physician, hos-
pital, and payer to create change in the form of clini-
cal pathways, efficiency, quality care, identification of
high-risk patients, and standardization when appro-
priate. An effective strategy should emphasize pa-
tient outcomes and use a balanced approach to incen-
tivize all stakeholders to accomplish the dual goals of
decreased cost and improved quality.
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