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Aim: To evaluate 90-day episode-of-care (EOC) resource consumption in robotic-assisted total hip
arthroplasty (RATHA) versus manual total hip arthroplasty (mTHA). Methods: THA procedures were
identified in Medicare 100% data. After propensity score matching 1:5, 938 RATHA and 4,670 mTHA
cases were included. 90-day EOC cost, index costs, length of stay and post-index rehabilitation utilization
were assessed. Results: RATHA patients were significantly less likely to have post-index inpatient
rehabilitation or skilled nursing facility admissions and used fewer home health agency visits, compared
with mTHA patients. Total 90-day EOC costs for RATHA patients were found to be US$785 less than those of
mTHA patients (p = 0.0095). Conclusion: RATHA was associated with an overall lower 90-day EOC cost when
compared with mTHA. The savings associated with RATHA were driven by reduced utilization and cost of
post-index rehabilitation services.
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Musculoskeletal conditions represent a major burden on the US health system [1]. In the USA, the prevalence and
impact of musculoskeletal conditions is likely to increase over time as the population ages [2]. Among the various
conditions, osteoarthritis is the most common type. Aggregate annual direct costs for adults with arthritis and joint
pain in the years 2012–2014 were reported at US$88.2 billion. While osteoarthritis can affect any joint in the
body, it is most frequently associated with the hip and knee [3].

Total hip arthroplasty (THA) has been shown to deliver meaningful improvements in reducing pain, improving
function and restoring quality of life for many patients suffering from end-stage osteoarthritis [4]. THA has also
demonstrated cost–effectiveness; however, the volume of procedures still results in significant overall costs to the
healthcare system [5,6]. Recent data suggest that over 400,000 total hip replacements are performed annually in the
USA [7], leading to an estimated US$30.7 billion in hospital charges [3]. Increase in the economic burden has led
payers, both public and private, to explore payment models outside of fee-for-service payments. Bundled payment
for a period of time that includes surgery and post-operative care, often for 90 days, has been one such method
employed, with a goal to help lower the cost and improve the quality of care. Given the evidence suggesting the
number of THA procedures is growing and the projected number of patients in need will continue to rise [3], it is
important to document whether innovative treatments are cost-effective and enhance important outcomes.

Robotic technology has been utilized in arthroplasty surgery for over 20 years [8–11]. In its early stages, robotic
interventions in arthroplasty were first utilized in THA [9,10,12] but showed mixed results in improving outcomes.
Haptic-guided robotic technology was introduced in partial knee arthroplasty around 2008 and has changed the
landscape [13–15]. Several papers have shown decreased rates of complications and increased accuracy in component
placement with this system [16–18]. Haptic-guided robotic arm-assisted total hip replacement technology combines
advanced imaging techniques with a robotic arm. This allows the surgeon to plan the procedure in three dimensions
and execute the surgical procedure with the help of a digitally defined haptic boundary. This methodology, combined
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with the ability to change the plan and execution in real time, provides a unique tool for the performance of total
hip replacement [19]. The use of this haptic technology in robotic-assisted total hip arthroplasty (RATHA) has
been shown in several centers to reduce variance in the placement of implants, reduce incidence of leg length
discrepancy, better recreate the patient’s biomechanics, reduce complications and improve outcomes compared to
manual surgery [20–23].

The use of robotic technology, with its ability to help surgeons achieve desired component positions, has the
potential to enhance the outcomes of THA [20–23]. This may also have an impact on costs. Analyses of the use of this
technology in total knee arthroplasty have shown savings in the 90-day episode-of-care (EOC) cost [24,25]; however,
few studies have examined whether this trend extends to THA. Thus the objective of this study is to assess and
compare resource consumption in RATHA versus manual THA (mTHA) in a 90-day EOC among Medicare
patients.

Patients & methods
Study design & data sources
This analysis evaluated the post-index 90-day EOC costs to Medicare, and utilization for Medicare patients un-
dergoing THA. Costs in this analysis represent payments made by the Center for Medicare and Medicaid Services
(CMS). Data originated from the Medicare 100% Standard Analytical Files were compiled by CMS and repre-
sent medical services provided to nearly 37 million Medicare Fee-for-Service (FFS) beneficiaries. This retrospective
claims analysis provides longitudinal assessments of Medicare FFS beneficiaries who underwent THA between
1 October 2015 and 1 October 2018 (referred to as the index period) and includes the following post-index
services: acute inpatient, inpatient rehab, outpatient, emergency room, skilled nursing facility (SNF) and home
health agency (HHA).

Study population selection
Medicare beneficiaries who received a primary THA (referred to as the index procedure) were considered for
inclusion into the study. Cases were identified by the presence of International Classification of Diseases, Tenth
Version (ICD-10) billing codes (Supplementary Table 1), in addition to a diagnosis-related group (DRG) assignment
of 469 or 470.

Following the identification of THA claims, two study cohorts were created: RATHA and mTHA. RATHA
cases met the following criteria: a preoperative CT scan (Supplementary Table 1) that occurred within 60 days
prior to the RATHA procedure, and an ICD-10 code indicative of a robotic-arm assisted procedure. The mTHA
cohort included the absence of a CT scan in the preoperative period and the absence of the ICD-10 robotic-arm
assisted procedure code.

Claims were excluded from the analysis if they met any of the following criteria:

• Payments associated with the index procedure that were considered erroneous (claims missing payment infor-
mation).

• Patient had a bilateral procedure within 90 days of the index procedure (pre or post), identified by the assignment
of a DRG indicating major joint replacement or reattachment of lower extremity with major complications or
comorbidities (DRG 469) or without major complications or comorbidities (DRG 470).

• Patient experienced in-hospital mortality during the study period.

Figure 1 is a flow chart illustrating the retention process for our sample population. The analysis included 945
RATHAs and 393,447 mTHAs for propensity score matching (PSM).

Propensity score matching
PSM was used to account for index difference, a 1:5 ratio of RATHA patients to mTHA patients, based on the
following criteria: age, sex, race (as defined by CMS), geographical division (based on US Census Bureau divisions),
academic center designation, physician experience (identified by the volume of procedures performed during the
study timeframe) and high-cost comorbidities (chronic obstructive pulmonary disease, hypertension, diabetes,
coronary artery disease, smoking, pneumonia, cancer or obesity) [26–29]. After PSM, 942 RATHA and 4710 mTHA
cases were identified. Post-matching, patients not flagged by the exclusion criteria were removed from the analysis.
Following the removal, the cohorts remained well balanced on the matching criteria (all p-values > 0.05). In all,
938 RATHA and 4670 mTHA were included for analysis.
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Figure 1. Flow chart of inclusion criteria for sample selection.
mTHA: Manual total hip arthroplasty; RATHA: Robotic-assisted total hip arthroplasty; THA: Total hip arthroplasty.

90-day EOC costs
The overall 90-day EOC costs, including the index procedures and lengths of stay (LOS), were calculated. EOC
costs to Medicare were identified through the presence of claims billed in an inpatient, outpatient, emergency
room, SNF or HHA setting. For patients who experienced an in-hospital readmission during the 90-day period
immediately following their index procedure (known as the 90-day post-index period), readmission rates and
inpatient costs were evaluated. LOS was collected at index as well as in the 90-day post-index period for SNF and
inpatient settings.

Statistical analysis
A generalized linear model was selected to test for statistical significance due to the data not being normally
distributed. We ran statistical comparisons via a two-part model. Binomial regressions were used in the first part of
the model to test cohort differences in the probability of having costs in the 90-day post-index period. The second
part of the model ran a γ distribution to analyze cohort differences in cost among members with costs in the 90-day
post-index period. For analyses of post-index number of readmissions, we used negative binomial distributions if
the variance of the outcome exceeded the mean; otherwise, a Poisson distribution was utilized. Differences among
dichotomous and categorical variables were analyzed using Pearson’s χ2 test and those among continuous variables
were analyzed using the Mann–Whitney U test. These analyses were performed using SAS Enterprise Guide 7.1
software (SAS Institute, Inc., NC, USA).

Multiple imputation
Because patients may seek post-index outpatient procedures not captured within the Medicare FFS databases – for
example, at ambulatory care centers or imaging/radiology centers – we ran multiple imputation modeling to replace
missing post-index outpatient visits and cost data. A robust method to impute missing values while minimizing
bias in the resulting values, multiple imputation borrows data from randomly selected, non-missing patients that
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Table 1. Patient demographics.
Demographics RATHA (n = 938) mTHA (n = 4670) p-value

n % n %

Age group

– 2 314 33.48 1662 35.59 0.1455

– 3 270 28.78 1352 28.95

– 4 195 20.79 1013 21.69

– 5 103 10.98 417 8.93

– 6 56 5.97 226 4.84

Male 367 39.13 1963 42.03 0.0991

Caucasian 853 90.94 4169 89.27 0.1279

Geographical division

– East North Central 187 19.94 966 20.69 0.9645

– East South Central 33 3.52 147 3.15

– Mid-Atlantic 26 2.77 143 3.06

– Mountain 48 5.12 244 5.22

– New England 288 30.70 1422 30.45

– Pacific 17 1.81 78 1.67

– South Atlantic 74 7.89 340 7.28

– West North Central 61 6.50 348 7.45

– West South Central 204 21.75 982 21.03

Number of high-cost comorbidities

– 0 352 37.53 1699 36.38 0.3279

– 1 227 24.20 1064 22.78

– 2+ 359 38.27 1907 40.84

mTHA: Manual total hip arthroplasty; RATHA: Robotic-assisted total hip arthroplasty.

match most closely to the profile of a patient with missing data, and uses the borrowed data to fill in the latter
patient’s missing values in many iterations. These iterations are then analyzed and their results pooled.

Results
Population demographics
No statistical differences were observed between the two cohorts in age, gender, race, geographical location, physician
experience or high-cost comorbidities. However, both cohorts had similarly high rates of Caucasians (according
to CMS classification; 91% RATHA vs 89% mTHA), as well as similar rates of members from the New England
(31% RATHA vs 30% mTHA) and West South Central (22% RATHA vs 21% mTHA) regions. Both cohorts
had a high proportion of people with high-cost comorbidities (62% RATHA vs 64% mTHA). Table 1 highlights
the demographic and comorbidity profiles of the matched study cohorts.

EOC costs
Total 90-day EOC costs for RATHA patients were found to be US$785 (3.8%) less than those for mTHA patients
(US$19,734 vs US$20,519; p = 0.0095). In addition, the average index LOS for RATHA patients was 8% less
than that of mTHA patients (2.3 vs 2.5 days; p = 0.0137; Table 2).

Index facility costs
Overall index facility costs to the payer for RATHA patients were found to be higher than those for mTHA patients
(US$12,827 vs US$12,665; p = 0.0487). These amounts for RATHA patients demonstrate a 1.3% (US$162)
higher cost associated with their index facility costs (Table 2).

Post-acute services
Differences in post-acute utilization were most notable in the inpatient rehab, SNF and HHA settings. RATHA
patients were 76.1% less likely to have an inpatient rehab post-index admission and 16.8% less likely to have a SNF

1228 J. Comp. Eff. Res. (2021) 10(16) future science group



Robotic-assisted total hip arthroplasty economic analysis Research Article

Table 2. Index length of stay, index costs and total episode costs by cohort.
RATHA mTHA Mean difference % difference p-value

Mean SD Mean SD

Index LOS 2.29 1.11 2.49 1.53 -0.20 -8.0% 0.0137*

Index costs US$12,827 US$4174 US$12,665 US$3353 US$173 1.3% 0.0487*

Total episode costs US$19,734 US$11,221 US$20,519 US$12,798 -US$785 -3.8% 0.0095*

*p � 0.05.
LOS: Length of stay; mTHA: Manual total hip arthroplasty; RATHA: Robotic-assisted total hip arthroplasty; SD: Standard deviation.

Table 3. Post-index care utilization by cohort.
RATHA (n = 938) mTHA (n = 4670) Difference % difference p-value

n % n %

Acute inpatient 59 6.3 369 7.9 -1.6% -20.4 0.1261

Inpatient rehab �11 �11 125 2.7 �11 �11 �0.0001*

Outpatient 938 100 4670 100 0.0% 0.0 �0.9999

ER 128 13.6 631 13.5 0.1% 1.0 0.8373

SNF 195 20.8 1167 25.0 -4.2% -16.8 0.0041**

HHA 684 72.9 3029 64.9 8.1% 12.4 �0.0001*

Any post-index services 938 100 4670 100 0% 0 �0.9999

*p � 0.0001; **p � 0.05.
ER: Emergency room; HHA: Home health agency; mTHA: Manual total hip arthroplasty; RATHA: Robotic-assisted total hip arthroplasty; SNF: Skilled nursing facility.

Table 4. Post-index costs by cohort.
RATHA mTHA Difference % difference p-value

Mean SD Mean SD

Acute inpatient US$19,132 US$14,266 US$17,413 US$15,232 US$1718 9.9 0.2820

Inpatient rehab US$11,490 US$8659 US$14,674 US$7183 -US$3184 -21.7 0.0470*

Outpatient US$1179 US$2006 US$1111 US$1520 US$68 6.1 0.1473

ER US$715 US$837 US$786 US$846 -US$71 -9.1 0.8201

SNF US$9184 US$6820 US$10,408 US$10,159 -US$1224 -11.8 0.0598

HHA US$3352 US$2325 US$3496 US$1891 -US$144 -4.1 0.0133*

All post-index costs US$6907 US$9710 US$7854 US$11,732 -US$948 -12.1 0.0004**

*p � 0.05; **p � 0.001.
ER: Emergency room; HHA: Home health agency; mTHA: Manual total hip arthroplasty; RATHA: Robotic-assisted total hip arthroplasty; SD: Standard deviation; SNF: Skilled nursing facility.

post-index stay (p < 0.0001 and p = 0.0041, respectively). For post-index HHA services, RATHA patients were
12.4% more likely to have HHA (72.9 vs 64.9%; p < 0.0001; Table 3).

RATHA patients had a 12.1% (US$948) lower average cost than mTHA patients (p = 0.0004) during the post-
index 90-day EOC. Among members utilizing post-acute services, RATHA patients had 21.7% (or US$3184)
lower inpatient rehab costs than mTHA patients (US$11,490 vs US$14,674; p = 0.0470; Table 4). Although the
difference was not statistically significant, RATHA patients utilized fewer days in inpatient and SNF care (7.2 vs
7.9; p = 0.8029 and 18.0 vs 19.6; p = 0.5080, respectively). Of patients using HHA services, RATHA patients
utilized 6% fewer HHA visits compared with mTHA patients (14.1 vs 15.0; p = 0.0006).

The aforementioned reduction in utilization among patients using HHA care resulted in significantly decreased
costs for the RATHA cohort (US$3352 vs US$3496; p = 0.0133). The HHA setting results for costs and number
of visits run counter to the significantly higher proportion of RATHA patients utilizing HHA care (72.9 vs 64.9%;
p < 0.0001), indicating higher costs in the mTHA cohort that may be due to a higher amount of post-index visits
per patient.
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Discussion
Our PSM allowed us to identify 938 cases treated with robotic technology and compare them with 4670 treated man-
ually, all within the Medicare population. The resulting groups were statistically equivalent in terms of age, race,
geographical location of the patients and comorbid conditions (Table 1).

In the mTHA group, the surgery was performed utilizing conventional x-rays to plan the procedure and standard
instrumentation to perform the procedure. This included mechanical targeting devices and a manual oscillating
saw and reamer, where the reaming process includes multiple stages before the final sized reamer is used. Surgery
for the robotic-assisted group was performed utilizing CT scanning to plan the surgery in three dimensions and
the surgeon executing the surgical procedure with a haptically guided robotic arm that kept the surgeon within
a defined boundary when performing the surgery. Utilizing the robotic technology also allowed them to modify
placement of the implants in real time. This technology, which uses a single-ream process, has been associated with
more accurate and reproducible positioning of the acetabular component to plan and more accurate restoration
of the center of rotation of the hip as well as vertical and horizontal offsets. In addition, the technology allows
the surgeon to see in real time the change in leg length with the trial components in place. This process allows
the modification of the biomechanical variables with the trial components until the surgeon’s preoperative plan is
satisfied and before the surgeon places the actual implants.

Our data showed that RATHA patients were discharged home sooner and utilized acute inpatient rehabilitation
less often than mTHA patients (Table 3). This is in agreement with the data on total knee replacement reported by
Cool et al. [24] in the Medicare population as well as the data reported by Pierce et al. in a commercial cohort [25].
The Pierce et al. cohort was selected from a commercial database and included younger patients. In our population,
the index procedure LOS in RATHA cases was 0.25 days lower in the robotic cases when compared with the
manual cases (Table 2); this difference was statistically significant. The average index payment was US$173 higher
for the RATHA group; however, when looking at the overall 90-day EOC, the costs were lower for RATHA when
compared with mTHA.

This decrease in length of stay observed with haptic-guided robotic technology has been noted in several
papers [24,25]. There may be several reasons for this finding. Previous studies have reported decreased soft tissue
damage associated with robotic arm-assisted total knee arthroplasty and have observed that less exposure is needed
for robotic arm-assisted cases to achieve desired placement of implants, compared with manual techniques [16]. The
RATHA technique uses single-stage reaming, which reduces the number of times the instruments pass through
the soft tissues. It has also demonstrated more accurate placement of the acetabular cup, improved restoration of
the head center of rotation and improved native bone preservation, as well as enhanced outcomes such as reduced
blood loss and higher Harris Hip Scores [20,21,23,30,31]. A supratentorial effect could also be present when patients
are receiving procedures with advanced technology.

We were unable to identify any statistically significant difference between the groups in dislocation, infection and
revision cases. In general, the prevalence of these problems is very low in total hip cases. Overall, as expected, the
volumes of these complications were quite low in both groups during the 90-day follow-up in this population. At
longer-term follow-up, differences in dislocation rates between mTHAs and RATHAs have been observed. Illgen
et al. compared three groups of THAs: the first 100 mTHAs in practice, the last 100 mTHAs in practice and the
first 100 RATHAs in practice. At 2 years of follow-up, they found statistically significant reduction in dislocation
between the first 100 mTHAs and the first 100 RATHAs (5 vs 0%; p < 0.05) [20].

After discharge, RATHA patients in our analysis were less likely to go to an acute inpatient rehabilitation facility
or SNF when compared with the mTHA cohort. Both of these parameters were statistically significant. The average
length of stay in a SNF following a RATHA in this population was 3.74 days, while the average stay in a SNF for
the mTHA group was 4.91 days (p < 0.005). The average post-index stay in an inpatient facility was 0.5 days for a
RATHA, while the average length of stay for a mTHA patient in an inpatient rehabilitation facility was 0.82 days
(p < 0.0015). Two potential factors contributing to lower utilization of services after discharge could be the
supratentorial effect and the potential for more accurate reproduction of the biomechanics of the reconstructed
hip in RATHA cases. RATHA has been shown to more accurately reproduce a patient’s center of hip rotation and
native combined offset when compared with mTHA [21]. Proper biomechanical reconstruction of the hip has been
shown to have a significant impact on clinical outcomes, including increased hip abductor strength and improved
function [32,33]. The use of robotic arm assistance is designed to allow the surgeon to accurately place the implants
with less exposure. The haptic boundaries defined by the robotic system are independent of the visualization
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of anatomical landmarks usually required to guide the surgeon’s placement of the implants. In addition, more
accurate restoration of the hip mechanics, including the vertical and horizontal offset as well as leg length, may
result in a ‘more normal hip’ and therefore faster recovery [23]. Clinical studies of RATHA have reported significant
improvement in outcomes such as higher Harris Hip Scores, Forgotten Joint Scores and SF-12 scores out to 5 years
post-operatively [22,23].

Overall, RATHA patients in this study had lower resource consumption in the 90-day EOC when compared
with mTHA patients. This was mostly due to reduced post-discharge resource utilization and an early discharge
for RATHA patients. The total expenses associated with post-discharge rehabilitation were nearly US$1000 less
using robotic arm-assisted technology compared with manual procedures (Table 4). Allowable reimbursement for
the index procedures in the Medicare population is standard and the same for all cases, regardless of the use of
robotic assistance. The post-discharge expenses are reimbursed based on a FFS system. Early discharge from a
SNF produced over US$1000 of average case savings. With over 20% of the total hip replacement patients in this
analysis going to a SNF, the use of robotic technology has the potential to impact the total expenditures in the
90-day EOC.

Total joint arthroplasty has been a target of bundled payments for some time. Bundled payment programs started
with the Ace projects in the early 1990s and have evolved into national Medicare and commercial pilot projects
that involve many healthcare markets in the USA [34–38]. With these programs, a single payment is made for an
arthroplasty that includes all expenses in a period of 90 days (the EOC). Publications evaluating bundled costs have
shown that post-discharge rehabilitation makes up a substantial portion of costs in the episode [1].

Our results are in agreement with several papers that have shown that the costs of an EOC for a primary
arthroplasty are significantly less when the robotic arm assistance is used [24,25]. This may represent an opportunity
for cost savings not only by payers, but also by providers participating in bundled payments that have invested in
implementing a robotic technology program. While this data is based on US costs, the global burden of osteoarthritis
continues to increase. It is possible that other healthcare systems may have the potential to see savings with the use
of robotic assistance in hip replacement surgery in areas where the surgery is performed.

Our study has significant limitations which have been delineated in the past by Cool et al., who used similar
methodology for their paper [24]. In a large administrative claims database study, it can be difficult to precisely identify
the population of interest as well as their clinical progressions. Clinical factors such as case complexity, type and
duration of anesthesia, the anticoagulation prescribed and other risk factors were not assessed. We performed PSM
in order to account for age, sex, race, geographical region, high-cost comorbidities and teaching institution status
in order to temper potential bias in the data. Although our cost analysis did not include the capital expenditures
and the maintenance cost of robotic technology in the hospital, our objective was to analyze the economic impact
of the use of the robotic system to the payer of the procedure and therefore did not account for these costs. Despite
these limitations, as a large, propensity matched analysis of cost and health resource utilization of RATHA versus
mTHA over a 90-EOC, this study makes an important contribution to the evidence on the potential value of
robotic assistance in total joint arthroplasty.

Conclusion
These study results demonstrate that RATHA was associated with an overall lower 90-day episode-of-care cost
when compared to mTHA. Savings observed in the RATHA cohort were driven by reduced utilization and cost
of post-index rehabilitation services. Overall, the current analysis further supports that robotic assistance in total
joint arthroplasty can provide value over the EOC. This is of importance as avenues are explored by payers and
providers to offer value in addition to enhanced outcomes. Future studies should continue to evaluate these topics
with this technology.

Future perspective
The IEEE Robotics and Automation Society states that surgical robotic systems in the next 25 years promises
to be comparable to that of manufacturing robots on industrial production over the past 25 years. Robotic-arm
assisted technology that incorporates three dimensional planning and haptics has demonstrated the potential for
cost reduction, enhanced patient outcomes, and more efficient healthcare resource utilization. As the population
ages and thus the prevalence of patients with osteoarthritis increases, innovative health care solutions continue to
be sought to address the challenges patients face. We can expect that the healthcare field will continue to pursue
avenues to enhance outcomes while delivering value.
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Summary points

• The prevalence of hip osteoarthritis has been on the rise, leading to a growing demand and volume for total hip
arthroplasty (THA), the gold standard procedure for end-stage hip osteoarthritis.

• As a result, the overall costs associated with THA contribute to substantial financial burdens on payers.
• Robotic arm-assisted THA (RATHA), a technological advancement, has been introduced as an alternative to

manual THA (mTHA) to help enhance clinical, radiographic and patient-reported outcomes.
• Clinical evidence for RATHA compared with mTHA has demonstrated accuracy, precision to plan and assistance in

restoration of biomechanics, which can largely be attributed to the enhanced preoperative planning and haptic
guidance employed during RATHA procedures.

• THA has already been shown to be cost-effective for patients, but the potential value added by the use of a
RATHA device has yet to be determined.

• This economic analysis showed that the use of RATHA yielded statistically significantly lower costs in the overall
90-day episode-of-care period.

• Post-acute savings for RATHA were driven by RATHA patients experiencing reduced utilization and cost of
post-index rehabilitation services including inpatient rehabilitation, skilled nursing facilities and home health
agencies.

• RATHA patients utilized fewer post-index services overall than mTHA patients, ultimately reducing the costs for
the RATHA patients in the 90-day episode.

• The study results presented herein can assist managed care decision-makers to identify potential for cost savings
in the management of patients who need to undergo THA.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup

pl/10.2217/cer-2020-0255
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