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Purpose: In the United States (US), total hip arthroplasty (THA) is the most common hospital inpatient operation among Medicare 
beneficiaries and is ranked fourth when considering all payers. Spinopelvic pathology (SPP) is associated with an increased risk of 
THA revision (rTHA) due to dislocation. Several strategies have been proposed to mitigate the risk of instability in this population, 
including use of dual-mobility implants, anterior-based surgical approaches, and technology-assistance (digital 2D/3D pre-surgical 
planning, computer navigation, and robotic assistance). For primary THA (pTHA) patients with SPP who subsequently undergo rTHA 
due to dislocation, we aimed to estimate (1) target population size; (2) economic burden; and (3) 10-year projected savings to the US 
payer of lowering the risk of rTHA due to dislocation among pTHA patients with SPP.
Methods: A budget impact analysis from the US payer perspective was undertaken using published literature; American Academy of 
Orthopaedic Surgeons American Joint Replacement Registry 2021 Annual Report; Centers for Medicare & Medicaid Services 
MEDPAR 2019; and National (Nationwide) Inpatient Sample (NIS) 2019. Expenditures were inflation-adjusted to 2021 US dollars 
using the Medical Care component of the Consumer Price Index. Sensitivity analyses were performed.
Results: The target population size in 2021 was estimated at 5040 (range, 4830–6309) for Medicare (fee-for-service plus Medicare 
Advantage) and 8003 (range, 7669–10,018) for all-payer. Annual rTHA episode-of-care (through 90 days) expenditures for Medicare and all- 
payer were $185 million and $314 million, respectively. Using a 4.14% compound annual growth rate from NIS, the estimated number of 
applicable rTHA procedures that will be performed from 2022–2031 was 63,419 Medicare and 100,697 all-payer. With each 10% reduction in 
relative risk of rTHA due to dislocation, Medicare and all-payer could save $233 million and $395 million, respectively, over a 10-year period.
Conclusion: Among pTHA patients with spinopelvic pathology, a modest reduction in the risk of rTHA due to dislocation could 
achieve substantial cumulative savings to payers while improving healthcare quality.
Keywords: total hip arthroplasty, revision, spinopelvic pathology, dislocation, economics

Introduction
In the United States (US), total hip arthroplasty (THA) is the most common hospital inpatient operation among Medicare 
beneficiaries and is ranked fourth when considering all payers.1 Spinopelvic pathology (SPP) is present in approximately 
16% of patients undergoing primary THA (pTHA) and is associated with an increased risk of THA revision (rTHA) due 
to dislocation (estimated at 8% in pTHA patients with SPP).2–4 A hip dislocation after THA leads to a marked decrease in 
health-related quality of life largely due to difficulties with usual activities, self-care, and anxiety and depression.5

Dislocation is the second most frequent reason for rTHA based on the primary diagnosis reported on the insurance 
claim, resulting in substantial costs to the payer.6,7 Strategies to lower the incidence of rTHA due to dislocation in this 
higher-risk population are warranted to achieve reductions in payer expenditures while improving quality of care. Several 
strategies can be used to mitigate instability in this population, such as dual-mobility implants, anterior-based surgical 
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approaches, and technology-assistance (for example, digital 2D/3D pre-surgical planning, computer navigation, and 
robotic assistance) (Figure 1).4,8–10

To our knowledge, the financial burden of rTHA due to dislocation in this elevated-risk population has not yet been 
explored. We aimed to estimate (1) the target population size; (2) economic burden; and (3) 10-year projected savings to 
the US payer of lowering the risk of rTHA due to dislocation among pTHA patients with spinopelvic pathology.

Materials and Methods
Analysis Overview
Using established research principles, a budget impact model was developed in Microsoft Excel to estimate the target 
population size, financial burden, and 10-year projected savings from the US payer perspective.11 Data sources included 
published literature; American Academy of Orthopaedic Surgeons American Joint Replacement Registry 2021 Annual 
Report;6 Centers for Medicare & Medicaid Services Medicare Inpatient Hospitals by Geography and Service dataset 
(administrative claims data from the Medicare Provider Analysis and Review [MEDPAR] 2019 file containing hospital 
inpatient data for 100% of Medicare beneficiaries);12 and Agency for Healthcare Research and Quality, Healthcare Cost 

Figure 1 Sample case: (A) standing and (B) sitting lateral stereoradiographic images (EOS Imaging, Paris, France / ATEC Spine, Carlsbad, CA) demonstrating both a spinal 
deformity correction and bilateral hip arthroplasty. 
Notes: Examining the images in the standing and sitting positions informs both the spinal deformity and amount of spinal mobility present, thus helping to classify patients 
according to the Hip-Spine Classification system and guiding treatment.8
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and Utilization Project, National (Nationwide) Inpatient Sample (NIS) 2019 (a 20% sample of discharges from short- 
term, non-Federal community hospitals).1 Our study used solely public, published sources. It did not include any 
interaction or intervention with human subjects or include any access to identifiable private information. Therefore, 
IRB approval was not required. Expenditures were inflation-adjusted to 2021 US dollars using the Medical Care 
component of the Consumer Price Index.13 Sensitivity analyses were performed by generating a series of scenario 
analyses.11 Figure 2 depicts a graphical representation of the budget impact model analytical framework.

The target population was pTHA patients with SPP who subsequently undergo rTHA due to dislocation. SPP was 
defined as diagnoses of various conditions associated with a stiff spine or flatback, such as degenerative disc disease, 
scoliosis, history of fracture or tumor, post-laminectomy syndrome, and post spinal fusion. The target population did not 
exclude patients based on age, body mass index, pelvic incidence, number of fused segments (if any), or instrumentation. 
We assumed that patients undergo rTHA open surgery in the hospital inpatient setting (in lieu of a closed reduction in the 
emergency department) due to the higher risk of subsequent dislocation.14

Target Population Size
The target population size was estimated for base case and scenario analyses using MEDPAR data and other sources 
(Table 1).1,12,15–18 Given that diagnosis-related groups (DRGs) 466–468 include both rTHA and revision total knee 
arthroplasty (rTKA) discharges, the percent Medicare THA (primary plus revision) was derived using NIS.1

Among the nearly 63 million Medicare program beneficiaries in 2019, approximately 63% were enrolled in Medicare fee- 
for-service (FFS) and 37% in Medicare Advantage (MA).15 The budget impact analysis accounted for payer mix as well as 
racial disparities reported in THA use for MA beneficiaries.17 We estimated the total number of Medicare (FFS+MA) primary 
and revision THA and TKA discharges at 753,116 versus 756,950 reported from NIS (0.5% difference), which supports the 
validity of our methodological approach as the basis for estimating the target population size.1

Base Case
The American Academy of Orthopaedic Surgeons American Joint Replacement Registry 2021 Annual Report states 
that 18.2% of 3803 rTHA were due to dislocation/instability based on 2020 all-payer data; for comparison, Ackerman 
et al reported dislocation as the primary diagnosis for rTHA in 18.3% of 344 Medicare patients using data from the 
Medicare 5% Standard Analytical Files (SAF) (longitudinal data across practice settings for a 5% random sample of 

Figure 2 Graphical representation of budget impact model analytical framework. 
Notes: Payer mix includes Medicare, private payer, and other. EoC is defined as the index stay through 90 days. Among pTHA patients with spinopelvic pathology, the relative risk 
reduction reflects the reduction in rTHA due to dislocation conferred by various strategies such as dual-mobility implants, anterior-based surgical approaches, and technology-assistance. 
Abbreviations: EoC, episode of care; pTHA, primary total hip arthroplasty; rTHA, revision total hip arthroplasty.
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Medicare beneficiaries).6,7 Vigdorchik et al found a 67% prevalence of spinopelvic risk factors among 48 patients with 
post-operative hip dislocations.19 The percentage of rTHA due to dislocation among patients with SPP (12.2% [18.2% 
x 67%]) was applied to the total Medicare (FFS+MA) discharges for rTHA. The growth in the target population size 
from 2019–2021 was calculated by applying the compound annual growth rate (CAGR) derived from NIS for THA 

Table 1 Input Parameter Values and Data Sources

Model Parameter Value Source

Target Population Size (CY2019)
Medicare FFS primary joint replacement discharges, n (%) 449,236 (100) [12]

DRG 469 Major Hip and Knee Joint Replacement with MCC 26,991 (6.0)

DRG 470 Major Hip and Knee Joint Replacement w/o MCC 422,245 (94.0)
Medicare FFS revision discharges, n (%)a 49,210 (100) [12]

DRG 466 Revision of Hip or Knee with MCC 5301 (10.8)

DRG 467 Revision of Hip or Knee with CC 24,336 (49.5)
DRG 468 Revision of Hip or Knee w/o CC/MCC 19,573 (39.8)

Medicare THA (vs TKA), %b 51.3 [1]
Medicare program enrollment, % [15]

Fee-for-service 62.3

Medicare Advantagec 37.0
Medicare Advantage race, % [16]

White 69.5

Hispanic 12.8
Black 11.0

Medicare Advantage THA rates per 1000 beneficiaries [17]

White 4.77
Black 2.80d

Compound annual growth rate, %e 4.14 [1,18]

Payer mix, % [1]
Medicare 63.0

Private 28.8

Otherf 8.2

Economic Burden
rTHA weighted average Medicare FFS payment amountg $21,824 [12]

DRG 466 $34,632

DRG 467 $22,448

DRG 468 $17,580
rTHA index stay as % of EoC Medicare expenditures, %h 62.5 [7]

Medical Care component of Consumer Price Index, multiplieri 1.054 [13]

Private payer reimbursement for rTJA (over Medicare), % 23.2 [22]

Projected Savings
Time horizon, years 10 [25]
Relative risk reduction (range), % 0–50 Assumptionj

Notes: aOriginal Medicare Part A FFS beneficiaries CY2019. bIncludes primary and revision THAs for Medicare FFS and 
MA. cMedicare Advantage Part C coverage. dApplied to Hispanic. eDerived for THA discharges (primary plus revision) 
from 2016–2019. fIncludes Medicaid and self-pay. gWeighted based on the percent of discharges under DRGs 466, 467, and 
468. Applied to Medicare FFS, MA, and Other payer. 2019 USD. hBased on mean expenditures from the Medicare 5% 
Standard Analytic Files (longitudinal claims across practice settings for a random sample of 5% of Medicare beneficiaries). 
EoC is defined as the rTHA index stay through 90 days. iMultiplier to inflation-adjust from 2019 to 2021 US dollars. 
jInformed by the published literature and in consultation with clinical experts. 
Abbreviations: CC, complication or comorbidity; CY, calendar year; DRG, diagnosis-related group; EoC, episode of care; 
FFS, fee-for-service; MA, Medicare Advantage; MCC, major complication or comorbidity; pTHA, primary total hip 
arthroplasty; rTHA, revision total hip arthroplasty; rTJA, revision total joint arthroplasty; THA, total hip arthroplasty; 
TKA, total knee arthroplasty; USD, United States dollars.
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discharges (primary plus revision) from 2016–2019.1,18 The payer mix for THA (primary plus revision) was based on 
2019 NIS.1

Scenario Analyses
Uncertainty in the target population size was addressed using scenario (sensitivity) analyses. For the first sensitivity 
analysis, Novikov et al reported that 4.3% (5/117) of rTHA had SPP, with or without fusion; and Yang et al reported that 
spinopelvic fixation patients were associated with a greater than 3.5-fold increase in hip dislocation risk.20,21 These 
values were applied to the Medicare rTHA discharges.

For the second sensitivity analysis, we referred to MEDPAR and other sources to determine the number of pTHA 
discharges for Medicare FFS+MA beneficiaries (Table 1). Additionally, Buckland et al found that 16.0% (174/1088) of 
patients undergoing pTHA had sagittal spinal deformity; and DelSole reported that, among pTHA patients with 
a diagnosis of sagittal spinal deformity, 8.0% (11/139) had hip dislocations.3,4 Therefore, 1.3% (16.0% x 8.0%) of 
pTHA patients have both SPP and hip dislocation. This figure was applied to the Medicare pTHA discharges.

Economic Burden
The economic burden of the rTHA inpatient stay was estimated using the weighted average Medicare payments for 
DRGs 466–468 (Table 1).12 Episode-of-care (EoC) costs were defined as the rTHA inpatient stay plus 90 days reflecting 
the Medicare bundled payment global period. Ackerman et al previously reported that the mean rTHA index stay 
expenditures were 62.5% of the mean rTHA EoC expenditures based on the Medicare 5% SAF.7 Therefore, the Medicare 
rTHA EoC costs were calculated by dividing the weighted average Medicare payment amount for the rTHA index stay 
by 62.5%. These values were inflation-adjusted to 2021 USD using the Medical Care component of the Consumer Price 
Index.13 Furthermore, Fang et al reported that private insurers paid 23.2% more than Medicare for total joint arthroplasty 
revisions, which was applied to calculate private payer rTHA index stay and EoC expenditures.22 Total annual medical 
expenditures were calculated by multiplying the target population size by the per patient EoC costs by payer.

Of note, investigators have reported that the average payments to hospitals were similar for stays with a primary payer 
of Medicare FFS and MA; as such, the Medicare FFS payment amounts were also applied to MA.23,24

Projected Savings Associated with Risk-Mitigation Strategies
Among pTHA patients with spinopelvic pathology, the number of subsequent rTHAs due to dislocation that would be 
performed over the next decade (from 2022–2031) was estimated using the CAGR derived from NIS 2016–2019.1,18 The 
annual and 10-year projected savings to Medicare and all-payer (by using more advanced technologies and techniques) 
were then calculated for an assumed reduction in revision risk, ranging from 0–50% (Table 1). The 10-year time period is 
consistent with that used by the Congressional Budget Office for projections of Medicare spending.25 The results are 
presented by annual budget period as undiscounted costs to reflect the budget holder’s interest in the impact expected at 
each time point.11 The savings per target patient was calculated as the total annual savings divided by the target 
population size.

Results
For pTHA patients with spinopelvic pathology who subsequently undergo rTHA due to dislocation, the target population 
size in 2021 was estimated at 5040 (range, 4830–6309) for Medicare (FFS+MA) and 8003 (range, 7669–10,018) for all- 
payer. Among Medicare beneficiaries, the rTHA inpatient stay and EoC costs per patient were $23,000 and $36,777, 
respectively (2021 USD). Private payer expenditures for the rTHA inpatient stay and EoC costs per patient were 
estimated at $28,337 and $45,309, respectively. Total annual EoC expenditures for Medicare were $185 million and 
for all-payer were $314 million (Table 2). With each 10% reduction in the risk of rTHA due to dislocation (by using more 
advanced technologies and techniques), Medicare and all-payer could save $18.5 million and $31.4 million annually, 
respectively (504 Medicare and 800 all-payer rTHA averted; $3688 Medicare and $3923 all-payer cost-savings on 
average per target patient [that is, per capita]).
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Using a 4.14% CAGR from NIS, the estimated number of applicable rTHA procedures that will be performed from 
2022–2031 was 63,419 Medicare and 100,697 all-payer. Given the uncertainty in the actual relative risk reduction 
(RRR), we explored a wide range from 0–50% (in 5% increments), where the RRR reflects the reduction in risk of rTHA 
due to dislocation among pTHA patients with SPP. Figures 3 and 4 illustrate the projected offsets over a 10-year period; 
with each 10% reduction in risk of rTHA due to dislocation, Medicare and all-payer could save $233 million and 
$395 million, respectively (6342 Medicare and 10,070 all-payer rTHA averted).

Discussion
Budget impact analyses are designed to inform payer, health system, and health policy decision-making by estimating 
expenditures and potential cost-offsets. Budget impact analyses provide an analytical framework to view financial 
estimates under alternative plausible scenarios. As recommended by the International Society for Pharmacoeconomics 
and Outcomes Research Task Force on Budget Impact Analysis, the model was populated using real-life use and costs 
from registry and health insurance claims databases from the budget holder’s perspective.11

We evaluated the economic burden and budget impact of lowering the risk of rTHA due to dislocation for pTHA patients 
with SPP. The RRR could be conferred by multiple risk-mitigation strategies, including use of dual-mobility implants, 
anterior-based surgical approaches, and technology-assistance (digital 2D/3D pre-surgical planning, computer navigation, and 
robotic assistance). The present study estimated that with each 10% RRR in rTHA due to dislocation among pTHA patients 
with SPP, Medicare and all-payer could save $233 million and $395 million, respectively, over a 10-year period. Considering 
Medicare rTHA due to any reason, investigators have reported that with a 1% absolute reduction in rTHA 5-year cumulative 
revision risk (from 4.2% to 3.2%; that is, an RRR of 23.8%), Medicare could save $985 million over a 10-year period (2016 
USD).7 Achieving a 1% absolute reduction (nearly 25% RRR) appears to be feasible based on an Australian patient registry 
that reported a 5-year cumulative percent rTHA of 2.9% by using advanced technologies and techniques.10 Our study differs 
from these reports in that it focuses on a subpopulation at elevated risk of rTHA due to dislocation – pTHA patients with 
spinopelvic pathology – and considers the 10-year projected savings to both Medicare and all-payer.

After first-time rTHA due to dislocation, recurrent dislocation and re-revision are common. Based on the Danish Hip 
Arthroplasty Register, Hermansen et al reported that 41.6% of pTHA patients experienced at least two recurrent 
dislocations within two years, and patients revised due to dislocation had a 19.8% incidence of new dislocation.14,26 

Recurrent dislocations result in marked and persistent deterioration of health-related quality of life.5,27 These high rates 
of recurrent dislocation warrant efforts to reduce the incidence of first-time rTHA due to dislocation.

Strategies to avoid the initial rTHA dislocation episode for pTHA patients with SPP include use of dual-mobility 
implants, anterior-based surgical approaches, and technology-assistance.4,8–10 The Australian Orthopaedic Association 
National Joint Replacement Registry 2021 Annual Report showed that dual mobility prostheses have half the risk of 
being revised for dislocation/instability compared to other acetabular prostheses; and the anterior approach has half the 
risk of rTHA for dislocation/instability compared to both the posterior and lateral approaches.10

Table 2 Annual Expenditures for rTHA Due to Dislocation Among pTHA Patients 
with Spinopelvic Pathology (2021 USD) (N=8003)

Payer Payer Mix (%) Inpatient Stay  
(Million)

Episode of Carec  

(Million)

Medicarea 63.0 $115.9 $185.4

Private 28.8 $65.3 $104.4
Otherb 8.2 $15.2 $24.2

Total (All-Payer) 100.0 $196.4 $314.0

Notes: aIncludes Medicare fee-for-service and Medicare Advantage. bIncludes Medicaid and self-pay. cIndex 
stay plus 90 days. 
Abbreviations: pTHA, primary total hip arthroplasty; rTHA, revision total hip arthroplasty; USD, United 
States dollars.
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Figure 3 Revisions averted over a 10-year period by reducing the risk of rTHA due to dislocation among pTHA patients with spinopelvic pathology. 
Notes: Medicare includes both Medicare fee-for-service and Medicare Advantage. RRR of 0% indicates no risk reduction and RRR of 100% indicates complete elimination of 
rTHA due to dislocation. 
Abbreviations: RRR, relative risk reduction; pTHA, primary total hip arthroplasty; rTHA, revision total hip arthroplasty.

Figure 4 Projected savings over a 10-year period associated with lowering the risk of rTHA revision due to dislocation among pTHA patients with spinopelvic pathology 
(2021 USD). 
Notes: Based on episode of care expenditures (rTHA inpatient stay plus 90 days). RRR of 0% indicates no risk reduction and RRR of 100% indicates complete elimination of 
rTHA due to dislocation. 
Abbreviations: RRR, relative risk reduction; pTHA, primary total hip arthroplasty; rTHA, revision total hip arthroplasty; USD, United States dollars.
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Technology-assistance is also a plausible means of reducing revision risk in a patient population at higher risk of 
revision.28 Investigators have reported that pre-surgical planning, computer navigation, and robotic-assistance can poten-
tially lower the risk of rTHA due to dislocation among patients with SPP. Vigdorchik et al found that preoperative planning 
for rTHA due to recurrent instability resulted in 97% (108/111) survival-free dislocation at two years compared to 84% (93/ 
111) for historical controls whereby 77% of the inappropriately positioned acetabular components would have been 
unrecognized without biplanar radiographs or stereoradiographic images to identify spinal deformity and spinal stiffness, 
which suggests an RRR of 75%.9 Further, among patients with a diagnosis of sagittal spinal deformity who were evaluated 
preoperatively using stereoradiographic imaging, DelSole et al reported a pTHA dislocation rate of 8.0% (11/139).4 

Furthermore, among patients with stiff spine and flatback syndrome who were undergoing pTHA, investigators reported 
a dislocation rate of 6.8% (10/147) with use of technology-assistance (pre-surgical planning with computer navigation and/ 
or robotic-assistance).8 While not an exhaustive literature review, these studies suggest that the RRR associated with use of 
technology-assistance among pTHA patients with SPP may fall between 45–75% at tertiary referral centers.

Given the uncertainty in the “true” RRR nationally, we explored a wide range from 0–50% (in 5% increments), where 
the RRR reflects the reduction in risk of rTHA due to dislocation conferred by these strategies intended to reduce revision 
risk. Referring to Figures 3 and 4, for example, lowering the risk of rTHA due to dislocation by 25% would result in 
approximately 25,000 rTHA averted and nearly $1 billion in all-payer projected savings over a 10-year period. These 
cost-savings may be slightly offset by additional expenditures incurred by the payer, if any; whereas, providers will incur 
additional costs by using these strategies (for example, for navigation, robots, and implants).29,30 With increasing 
adoption of these strategies the risk of rTHA due to dislocation will decrease, thus reducing the effective RRR.30 

Contract negotiations with private payers present an opportunity for recognizing value-based healthcare associated with 
risk-mitigation strategies that reduce the incidence of rTHA due to dislocation.

The target population size and associated financial burden reported herein are likely underestimated for several 
reasons. First, the projected growth in the target population size over the 10-year period (CAGR of 4.14%) was estimated 
using NIS 2016–2019 data.1,18 The CAGR is likely higher from 2022–2031 due to increased demand for pTHA as 
a result of the aging population with more active lifestyles and the expansion of insurance coverage from the Affordable 
Care Act.31,32 Second, we conservatively assumed that Medicare FFS and MA payments were similar, and we estimated 
private payer expenditures for rTHA as 123.2% of Medicare FFS payments for DRG 468 (Revision of Hip or Knee 
Replacement without Complication or Comorbidity/Major Complication or Comorbidity).22–24 In contrast, based on 
reimbursement for DRG 470 (Major Hip and Knee Joint Replacement without Major Complication or Comorbidity) from 
the American Hospital Utilization Database (474 hospitals), Toren et al reported that MA and private insurance payments 
were 115.2% and 138.7%, respectively, of Medicare FFS payments.33 Consequently, our estimated economic burden and 
10-year projected savings may be underestimated.

Scenario analyses were performed to estimate the range in target population size. Yang et al found that spinopelvic 
fixation patients had a 3.5-fold increase in hip dislocation risk relative to pTHA patients without lumbar spinal fusion.21 

Applying this 3.5-fold risk to those with SPP likely results in overestimating the target population size because most 
THA patients with stiff spine have not undergone an instrumented fusion.34 On the other hand, the second scenario 
analysis was based on Medicare beneficiaries who underwent hospital inpatient pTHA. Yet some patients with private 
insurance undergo pTHA in the outpatient setting. Consequently, applying the hospital inpatient payer mix when grossing 
up the number of Medicare pTHA patients to all-payer does not include rTHAs following pTHAs performed on private 
payer patients in the hospital outpatient setting, resulting in underestimating the target population size. Despite these 
limitations, the target population size from the base case and scenario analyses converged, which nonetheless merits 
further research to more precisely define the true population size.

There are several limitations to this study. First, spinopelvic pathology is not explicitly listed as a diagnosis code on 
health insurance claims. Thus, to define the target population size we conducted base case and scenario analyses using 
three sets of published clinical studies, which yielded a fairly narrow range. Further, DRGs 466–470 (major joint 
replacement or revision) do not distinguish between hip or knee; therefore, we applied the percentage of hip (pTHA 
+rTHA) discharges calculated from NIS. In addition, recognizing that not every rTHA will be successful,14,26 all rTHA 
due to dislocation among pTHA patients with SPP were included in our analysis given that available data sources do not 
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distinguish between first and subsequent rTHA. Lastly, we did not consider the fiscal impact associated with lost 
productivity for rTHA patients covered by self-insured employers who have a vested interest in maintaining a healthy 
workforce. Despite this exclusion, our approach is conservative in that it underestimates the projected savings.

Conclusions
Among pTHA patients with spinopelvic pathology, a modest reduction in the risk of rTHA due to dislocation could 
achieve substantial cumulative savings while improving healthcare quality for Medicare and private payer beneficiaries. 
Value-based payment models should reward strategies using advanced technologies and techniques that reduce the risk of 
rTHA due to dislocation. Additional research is warranted to further quantify the relative risk reduction associated with 
these strategies.
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