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Abstract

Introduction The adoption of new technology should be supported by improvements in patient-reported outcomes (PROMs).
The purpose of this study was to assess the one-year PROMs of patients who underwent total hip arthroplasty (THA) using
anovel, fluoroscopy-based, robotic-assisted (RA-THA) system when compared to a manual, fluoroscopic-assisted technique
(mTHA).

Materials and methods A review of 91 consecutive mTHA and 85 consecutive RA-THA via a direct anterior approach was
conducted. All cases were performed by the same surgeon at the same institution, for a pre-operative diagnosis of osteoarthri-
tis, avascular necrosis, or theumatoid arthritis. Outcomes included one-year Veterans RAND-12 (VR-12) Physical/Mental,
Hip Disability and Osteoarthritis Outcome (HOOS) Pain/Physical Function/Joint Replacement, and University of California
Los Angeles (UCLA) Activity scores, as well as the difference between pre-operative and one-year post-operative PROMs.
Results Patients in the RA-THA cohort had lower pre-operative HOOS-JR scores compared to patients in the mTHA cohort
(37.0 vs. 43.1; p=0.031). Cohorts experienced similar one-year post-operative VR-12, HOOS, and UCLA Activity scores.
Patients in the RA-THA cohort experienced greater improvements across all pre- and post-operative HOOS scores compared
to patients in the mTHA cohort: Pain (4 54.7 vs. +42.1; p=0.009), Physical Function (-41.6 vs. -28.7; p=0.007), and Joint
Replacement (+46.6 vs. +33.0; p=0.002). These differences exceeded minimum clinically important difference (MCID).
Conclusions Both manual and robotic cohorts experienced benefit from THA at one-year post-operative. Importantly, the
use of a novel, fluoroscopy-based robotic assistance system for primary THA resulted in greater improvements in PROMs at
one-year relative to manual technique.

Keywords Arthroplasty - Hip - Robotic-assisted surgery - Patient-reported outcome measures

Introduction

Total hip arthroplasty (THA) is the standard treatment for
end-stage osteoarthritis of the hip, providing a reduction
in patient pain while also improving mobility [1-4]. How-
ever, up to 27% of THA patients report having unfulfilled
expectations regarding their surgery [1, 5, 6], with dissatis-
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The use of robotic-assistance for total hip arthroplasty
(RA-THA) has seen increased popularity over the past
decade [8]. By providing intra-operative guidance and
mechanical assistance to the surgeon, these systems have
been associated with improved acetabular cup placement
accuracy and precision [9, 10], reduced dislocation rates
[11], and shortened hospital length of stay [12], compared
to manual unassisted THA (mTHA). In addition, some stud-
ies have suggested that RA-THA improves post-operative
patient-reported outcome measures (PROMs) relative to
mTHA [13, 14], though conflicting evidence exist in the lit-
erature [11, 13-21].

In 2021, a novel, fluoroscopy-based RA-THA platform
received approval from the United States (U.S.) Food and
Drug Administration (FDA) for use in primary THA. Prior
investigations have demonstrated that utilizing this system
resulted in improved acetabular cup placement accuracy
and precision, and reduced leg-length discrepancy, relative
to mTHA [22, 23]. However, the short-term outcomes of
patients who underwent THA with this system are not well
understood. Therefore, the purpose of the present investi-
gation was to compare PROMs of patients who underwent
primary THA using the novel RA-THA system, to those
who underwent mTHA at one-year post-operative. We
hypothesized that patients who underwent RA-THA would
experience improved PROMs at one-year post-operative
compared to patients who underwent mTHA.

Materials and methods
Study design

Institutional Review Board approval was obtained prior
to the initiation of this study. We performed a retrospec-
tive cohort analysis on a consecutive series of patients who
received manual, fluoroscopy-assisted THA (mTHA) and
fluoroscopy-based RA-THA at our institution from the pri-
mary study surgeon between 2021 and 2022. Our primary
outcome of interest was the change in patient PROM scores
from pre-operative baseline to 1-year following surgery.
Patient PROM scores were collected during pre-operative
visits and one-year post-operative follow-up office visits as
a part of standard institutional practice, and were extracted
from the electronic health record [24].

Inclusion criteria for this study were patients > 18 years
of age who underwent primary unilateral direct anterior
approach (DAA) THA by the primary surgeon. Exclusion
criteria for this study included patients who underwent
THA for a femoral neck fracture, revision THA, bilateral
THA, and patients < 18 years of age. Based on the previ-
ously reported Minimum Clinically Important Difference
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(MCID) for HOOS JR, we sought to include approximately
60 patients per treatment arm to detect an 18-point differ-
ence in HOOS JR scores, with 80% statistical power [25].

Surgical technique

For the study cohort, a consecutive series of patients under-
went DAA-RA-THA between September 2021 and July
2022 with the assistance of a fluoroscopy-based robotic
platform, the ROSA® Total Hip System (Zimmer CAS,
Montreal, Canada), using a surgical workflow previously
detailed by Kamath et al. [23]. An overview of the ROSA®
robotic system is provided in Fig. 1, along with screenshots
from the intra-operative navigation workflow in Fig. 2. The
control cohort consisted of a consecutive series of patients
who underwent manual DAA-mTHA just prior to Septem-
ber 2021, for which the principal surgeon employed fluo-
roscopic guidance using a standard 12-inch C-arm to assist
with leveling the pelvis, bone preparation, and the assess-
ment of component position. Other than the intra-operative
use of the robotic platform, pre-operative evaluation, surgi-
cal technique, and post-operative workflow were identical
for both cohorts.

PROM collection instruments

Patient-reported outcome measures were collected using
previously validated and standardized instruments as
described below:

e Veterans RAND 12 (VR-12) Physical (PCS) and Men-
tal (MCS) Component scores: Twelve-item question-
naire assessing disease burden in terms of detriment
to Physical and Mental Health-Related Quality of Life
(HRQoL). Raw scores were standardized to population
T-scores ranging from O (worst HRQoL) to 100 (best
HRQoL) [26].

e Hip Dysfunction and Osteoarthritis Outcome Score
(HOOS) (Pain, Physical Function (PS), and Joint re-
placement (JR) scores): Forty-item questionnaire as-
sessing hip disability and functional outcomes, further
subdivided into categories pertaining to Pain, PS and JR
[27]. Raw scores were standardized to interval scores
ranging from 0 (total hip disability) to 100 (perfect hip
health) [28].

e University of California, Los Angeles (UCLA) Activity
Scale score: Ten-item questionnaire assessing physi-
cal activity level for individuals undergoing total joint
arthroplasty (TJA), with scores ranging from 1 (lowest
activity) to 10 (highest activity) [29].
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Fig. 1 An overview of the ROSA® Hip System. Deployment of this
system includes the following steps: (1) Connecting the tablet to the
robotic unit using Wi-Fi; (2) Selecting surgical parameters including
planned cup angles, measurements, shell and stem type, impactor and

Radiographic analysis

Acetabular component placement was also assessed to better
understand the results of our outcome metrics. Acetabular
cup orientation was determined by analyzing postopera-
tive anteroposterior (AP) pelvic radiographs using Martell
Hip Analysis Suite Software (version 8.0.4.5., Martell Hip
Analysis Suite™, Chicago, IL). Radiographs used for analy-
sis were standardized to standing AP pelvis studies obtained
at routine 6-week postoperative follow-up visits. The mea-
surements were used to determine if the acetabular cups
were positioned within the Lewinnek safe zone, defined as
40+ 10° of cup inclination and 15+ 10° of cup anteversion
[30]. All patients in the study had a pre-operative goal of
40°/15° cup inclination and anteversion.

Statistical analysis
A comparison of treatment data and pre-operative patient

demographics between study cohorts was performed.
Changes in PROM scores from baseline to one-year

C-arm diameter; (3) Installing the quick connect interface at the end of
the robotic arm; (4) Draping the robotic arm and robotic unit; and (5)
Calibrating the force sensor

post-operative were calculated for each individual patient
who completed both surveys. The average change in PROM
scores was also calculated for each cohort and additionally
stratified based on acetabular cup position in the Lewinnek
safe zone. Continuous variables were reported as means and
standard deviations (SD) and compared using independent
samples t-tests. Categorical variables were presented as fre-
quencies and compared using Pearson’s chi-squared tests or
Fisher’s exact tests when appropriate. All statistical analy-
ses were performed using JMP Version 16.2. (SAS Institute
Inc., Cary, NC, 1989-2021).

Results

A total of 176 patients, including 91 mTHA and 85 RA-
THA, were identified in the study period who met selection
criteria and completed baseline PROM surveys. Com-
parison of baseline treatment and demographics variables
demonstrated no significant differences between treatment
groups (Table 1).
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Fig. 2 An overview of the intra-operative navigation interface of the ROSA® Hip System. (Top) Screenshot of Cup Impaction panel. (Bottom)

Screenshot of Cup Verification panel

The only significant difference in pre-operative PROMs
was in HOOS JR scores, with the RA-THA cohort having
lower average reported scores than the mTHA cohort (37.0
vs. 43.1; p=0.031). All other baseline PROM scores were
similar between treatment groups (Table 2). Approximately
72% of patients, 66 mTHA and 61 RA-THA, completed
one-year follow-up PROM surveys. No difference was seen
in post-operative VR-12, HOOS, and UCLA Activity scores

@ Springer

when the average post-operative PROM scores were com-
pared between cohorts (Table 2).

When the average changes in post-operative PROM
scores from baseline were compared, patients in the RA-
THA cohort experienced greater improvements between
pre- and post-operative HOOS scores compared to patients
in the mTHA cohort. These key HOOS outcomes included
Pain (+54.7 vs. +42.1; p=0.009), Physical Function (-41.6
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Table 1 Patient demographic and treatment data between manual THA
and robotic-assisted THA cohorts

Table 3 A comparison of the change in PROM scores between pre-
operative baseline and one-year post-operative

Technique p-value Treatment p-value
Manual THA Robotic THA Manual THA Robotic THA
n=91 n=85 n=65 n=60
Age at Surgery (Years) 58.7(15.0)  59.9(13.7)  0.596 VR-12 PCS 16.0 (11.4) 18.3 (12.4) 0.286
Gender (% Female) 55.0 44.0 0.175 VR-12 MCS 2.7(11.7) 0.8 (14.1) 0.418
Body Mass Index (BMI)  28.9 (5.3) 29.9 (4.8) 0.221 HOOS Pain 42.1 (25.8) 54.7 (26.3) 0.009
Race 0.872 HOOS-PS -28.7 (26.9) -41.6 (25.3) 0.007
(% Caucasian) 80.2 81.2 HOOS-JR 33.0(23.7) 46.6 (21.7) 0.002
(% Black) 19.8 18.8 UCLA Activity 1.5 (2.0) 1.72.1) 0.481
Side (% Left) 36.3 447 0.254 Safe Zone=Yes n=42 n=44
Pre-operative Diagnosis VR-12 PCS 17.9 (11.8) 20.4 (9.5) 0.298
(% Osteoarthritis) 83.5 84.7 VR-12 MCS 2.9 (11.7) 2.6(2.2) 0.928
(% Avascular Necrosis) 16.5 14.1 0.678 HOOS Pain 45.4 (25.8) 52.8 (25.7) 0.187
(% Rheumatoid 0.0 1.2 HOOS-PS -31.9 (29.6) -38.2 (25.6) 0.304
Arthritis) HOOS-JR 37.3 (25.0) 43.9 (21.6) 0.221
ASA Score 0.076 UCLA Activity 1.9 (2.2) 2.0(2.3) 0.802
(% Class I) 22 0.0 Safe Zone=No n=23 n=14
(% Class II) 494 459 VR-12 PCS 12.7 (10.1) 13.8 (18.6) 0.823
(% Class I1I) 44.0 54.1 VR-12 MCS 2.7 (12.0) 0.3 (10.6) 0.547
(% Class 1V) 44 0.0 HOOS Pain 34.4 (24.9) 58.7 (28.3) 0.018
Categorical variables expressed as percentages; quantitative vari- HOOS-PS 22.1(20.5) -50.9 (23.3) 0.001
ables expressed as mean (SD). Significance set at a level of p <0.05 HOOS-JR 24.9 (19.9) 54.8 (21.5) <0.001
UCLA Activity  0.772 (1.31) 1.08 (1.18) 0.487

Table 2 A comparison of pre- and post-operative patient-reported out-
come measure (PROM) scores between cohorts

Treatment
Manual THA Robotic THA p-value
Pre-operative n=91 n=_85
VR-12 PCS 27.5(8.8) 26.3(9.2) 0.384
VR-12 MCS 47.6 (13.7) 48.2 (13.1) 0.772
HOOS Pain 37.4 (19.6) 31.7 (20.9) 0.070
HOOS-PS 48.1 (22.9) 53.9(23.4) 0.095
HOOS-JR 43.1(17.7) 37.0(19.4) 0.031
UCLA Activity 3.7 (1.9) 3.8(2.0) 0.759
Post-operative n=66 n=61
VR-12 PCS 44.2 (10.1) 45.4(11.2) 0.527
VR-12 MCS 51.3 (10.1) 50.3 (12.5) 0.646
HOOS Pain 83.5(20.7) 84.0 (22.2) 0.897
HOOS-PS 14.4 (18.3) 12.4 (18.8) 0.555
HOOS-JR 81.0 (19.8) 83.9(19.3) 0.444
UCLA Activity  5.2(2.2) 5.5(2.2) 0.432

Quantitative variables expressed as mean (SD). Significance bolded
at a level of p<0.05

vs. -28.7; p=0.007), and Joint Replacement (+46.6 vs.
+33.0; p=0.002). No differences were seen in changes for
VR-12 or UCLA activity scores (Table 3). When the aver-
age changes in post-operative PROM scores were stratified
based on Lewinnek safe zone placement, patients outside
of safe zone in the RA-THA cohort experienced greater
improvements in HOOS scores compared to patients in the
mTHA cohort, including Pain (4 58.7 vs. +34.4; p=0.018),
Physical Function (-50.9 vs. -22.1; p=0.001), and Joint
Replacement (+54.8 vs. +24.9; p<0.001). No differences

Quantitative variables expressed as mean (SD). Significance bolded
at a level of p<0.05

were seen between patients with cup placement within safe
zone (Table 3).

Discussion

Patient satisfaction is an increasingly important metric for
assessing the outcomes of THA. With cited benefits of RA-
THA over mTHA [9-12], use of intra-operative robotics
should be supported by improvements in post-operative
PROMs. However, the literature has shown mixed find-
ings, with outcomes varying between differences in surgi-
cal approach, institutional practices, and robotic platforms
[11, 13-21]. The results of our investigation demonstrated
that the use of a novel, fluoroscopy-based robotic assistance
system for DAA THA resulted in a greater improvement in
all HOOS scores, relative to mTHA, from baseline to one-
year post-operative. To the authors’ best knowledge, this is
the first investigation which has assessed the short-term out-
comes of this particular system.

The first significant finding of this study was that there
were no differences in average post-operative PROMs
between the mTHA and RA-THA cohorts. Considering
patients in the RA-THA cohort reported a pre-operative
deficit of 6.1 points on HOOS-JR compared to patients in
the mTHA cohort, RA-THA may be more effective than
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mTHA for improving outcomes quantified by the HOOS-
JR, including operative hip pain and function, at one-year
post-operative [28]. These results are especially significant
given that the first 12 cases in the RA-THA series were
performed during the learning period of the principal sur-
geon with the robotic platform [31].While these findings
are in agreement with those of Fontalis and Karunaratne
et al. [16, 20], other authors have reported that the use of
RA-THA produced improved post-operative Harris Hip,
Forgotten Joint, Short Form 12, VR-12, and UCLA activity
scores relative to mTHA [13, 14, 19, 21]. Interestingly, the
studies that reported no differences between PROMs were
over a shorter follow-up period (2-3 years) [16, 20], rela-
tive to studies that showed improvement (2-5 years) [13,
14, 19, 21]. This suggests that the PROMs of RA-THA
may improve over time, which also aligns with reports that
complication rates following RA-THA substantially decline
after the first year following surgery [17]. As discussed in
Peters et al., caution should be exercised when comparing
average scores alone, in that these findings are subject to the
confounding influence of variations in pre-operative PROM
scores between groups [32], which are better controlled for
by assessing for changes in PROMs.

The second significant finding of this study was that the
RA-THA cohort experienced a greater degree of improve-
ment between pre-operative, and one-year post-operative
HOOS scores relative to the mTHA cohort. Specifically, the
RA-THA cohort experienced a benefit of 12.6, 12.9, and
13.6 additional points with regards to score improvement
for HOOS Pain, HOOS-PS, and HOOS JR, respectively.
These improvements in PROMs may be attributable to
patients in the RA-THA cohort experiencing more favorable
post-operative radiographic outcomes compared to patients
in the mTHA cohort. In two separate studies by Buchan and
Kamath et al., it was demonstrated that the use of this RA-
THA system improved acetabular cup placement accuracy
and precision with respect to pre-operative planned targets,
and increased the proportion of cups placed within the
Lewinnek safe zone compared to mTHA [22, 23]. Patients
in the RA-THA cohort reported lower pre-operative HOOS-
JR scores relative to patients in the mTHA cohort, which
may have also contributed to the greater score improvement
observed for HOOS-JR. The HOOS is the most well-val-
idated joint-specific PROM for THA, and scores are gen-
erally indicative of patient pain, symptom, and functional
outcomes of the hip following surgery [28, 33]. While the
MCID of the HOOS Pain score has not been reported, these
values exceed the MCID of the HOOS-PS and HOOS-
JR, with threshold estimates of 10.01 for the HOOS-PS,
and 3.9 to 15 points for the HOOS-JR [25, 33, 34]. In a
related study, Singh et al. reported that one-year post-
operative improvements in HOOS-JR scores were greater
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among mTHA patients compared to RA-THA (34.53 +8.91
vs. 35.48+9.33; p=0.002), though this difference did not
exceed MCID [15]. The improvement in HOOS-JR scores
were substantially greater in our study, emphasizing the
potential for differences in robotic platform and/or approach
to impact PROMs in RA-THA. All RA-THA procedures
in Singh et al. were performed with the assistance of the
Stryker MAKO® Hip, and included a mixture of posterior
and DAA cases [15].

Interestingly, these differences were consistent for
patients with cup placement outside of the Lewinnek safe
zone. The similarity in results between patients within safe
zone who received RA-THA and mTHA is unsurprising, as
these patients had components placed in biomechanically
optimal positions and thus would likely have similarly posi-
tive outcomes. For the patients with cups placed outside of
safe zone, the RA-THA group had anteversion angles which
were closer on average to the target of 15° relative to the
mTHA group, (24.6° vs. 26.4°), while the average inclina-
tion for these patients was similar (45.2° vs. 44.9%). Though
this difference was small, it is possible that amongst cups
placed outside of safe zone, patients who received RA-
THA had components placed in more biomechanically opti-
mized positions compared to patients who received mTHA.
These differences could have translated into the functional
improvements reflected in the PROMs.

Our study has a number of limitations. First, this was a
retrospective review, which had the potential to introduce
documentation biases. To mitigate risk of bias, an electronic
health record system that captured patient-data from multiple
care centers was utilized for this investigation. Second, all
procedures were performed by a high-volume, fellowship-
trained arthroplasty surgeon at a large, tertiary care insti-
tution. Therefore, our findings may not be generalizable to
other practice settings. Third, though our institutional stan-
dard of care stipulates the routine collecting of PROMs for
all patients, this was not possible in all cases. The response
rate for questionnaires was > 70% in both cohorts, signify-
ing a majority of data were successfully obtained. Fourth,
patients in the RA-THA cohort reported lower baseline pre-
operative HOOS-JR scores relative to patients in the mTHA
cohort, which may have confounded the findings for this
instrument. Lastly, the findings of our study are limited to
a one-year time-horizon. Additional research is needed to
better understand the terminal outcomes of patients who
undergo surgery with these treatment strategies, as well as
other issues like ceiling effects and joint-specific measures.
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Conclusions

The findings of this investigation demonstrated that the use
of a novel, fluoroscopy-based RA-THA system resulted in
greater improvements in HOOS scores relative to manual
technique at one-year post-operative. The findings of this
study represent the first PROMs-based investigation involv-
ing this system. Additional long-term studies that utilize an
expanded cohort are needed to validate these findings.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00402-
024-05230-8.

Author contributions G.B.J.B.: Writing — original draft/review & ed-
iting; Data review; Formal analysis; Investigation; C.B.O.: Writing —
original draft/review & editing; Data review; Investigation; C.J.H.II:
Writing — original draft/review & editing; Data review; Investigation;
C.A.D.: Writing — original draft/review & editing; Formal analysis;
Investigation; L.S.SG.: Writing — original draft/review & editing; For-
mal analysis; Investigation; A.F.K.: Supervision; Methodology; Writ-
ing — review & editing.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Data availability The data that support the findings of this study are
available upon reasonable request from the corresponding author. The
data are not publicly available due to privacy or ethical restrictions.

Declarations

Ethics approval This study was performed in line with the principles
of the Declaration of Helsinki. Approval was granted by the Institu-
tional Review Board (06/03/2022; IRB#: 22-528).

Informed consent/Consent to publish A waiver of informed consent
was obtained prior to the initiation of this investigation.

Conflict of interest * Authors G.B.J.B., C.B.O., C.J.H,, and L.S.SG.
declare that they have no relevant competing interests. Authors C.A.D.
and A.F.K. have the below disclosures:
*C.A.D.

*Royalties: DePuySynthes, Mizuho-OSI.

*Speakers bureau: DePuySynthes, Medtronic.

*Stock or stock options: JointPoint, JointVue.
*AFK.

*Royalties: Innomed, ZimmerBiomet.

*Speakers bureau: ZimmerBiomet, Johnson and Johnson, BodyCad.

*Paid consultant: ZimmerBiomet, Johnson and Johnson, BodyCad,
United Ortho, Orthopedic Development.

*Stock or stock options: ZimmerBiomet, Johnson and Johnson,
Procter and Gamble.

*Research support: Signature Orthopedics.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Palazzo C, Jourdan C, Descamps S, Nizard R, Hamadouche
M, Anract P et al (2014) Determinants of satisfaction 1 year
after total hip arthroplasty: the role of expectations fulfil-
ment. BMC Musculoskelet Disord 15(1):53. https://doi.
org/10.1186/1471-2474-15-53

2. Okafor L, Chen AF (2019) Patient satisfaction and total hip arthro-
plasty: a review. Arthroplasty 1(1):6. https://doi.org/10.1186/
$42836-019-0007-3

3. Graham B, Green A, James M, Katz J, Swiontkowski M (2015)
Measuring patient satisfaction in orthopaedic surgery. J Bone
Joint Surg Am 97(1):80. https://doi.org/10.2106/jbjs.n.00811

4.  Freudenberger DC, Baker EA, Siljander MP, Rohde RS (2018)
Factors driving patient perception of Quality Care after pri-
mary total hip and total knee arthroplasty. J Am Acad Orthop
Surg Glob Res Rev 2(11):e061. https://doi.org/10.5435/
jaaosglobal-d-18-00061

5. Anakwe RE, Jenkins PJ, Moran M (2011) Predicting Dissatisfac-
tion after total hip arthroplasty: a study of 850 patients. J Arthro-
plasty 26(2):209-213. https://doi.org/10.1016/j.arth.2010.03.013

6. Rolfson O, Kidrrholm J, Dahlberg LE, Garellick G (2011) Patient-
reported outcomes in the Swedish hip Arthroplasty Register:
RESULTS OF a NATIONWIDE PROSPECTIVE OBSERVA-
TIONAL STUDY. J Bone Joint Surg Br 93-B(7):867-875.
https://doi.org/10.1302/0301-620x.93b7.25737

7. Seagrave KG, Troelsen A, Malchau H, Husted H, Gromov K
(2017) Acetabular cup position and risk of dislocation in primary
total hip arthroplasty. Acta Orthop 88(1):10-17. https://doi.org/1
0.1080/17453674.2016.1251255

8. Emara AK, Zhou G, Klika AK, Koroukian SM, Schiltz NK,
Higuera-Rueda CA et al (2021) Is there increased value in robotic
arm-assisted total hip arthroplasty? A nationwide outcomes,
trends, and projections analysis of 4,699,894 cases. Bone Joint J
103-B(9):1488-1496. https://doi.org/10.1302/0301-620x.103b9.
bjj-2020-2411.r1

9. Redmond JM, Gupta A, Hammarstedt JE, Petrakos A, Stake CE,
Domb BG (2016) Accuracy of Component Placement in robotic-
assisted total hip arthroplasty. Orthopedics 39(3):193-199.
https://doi.org/10.3928/01477447-20160404-06

10. Barsoum W, Gregory D, Needham K, Mont M, Sodhi N, Cop-
polecchia A et al (2023) Advantages of robotic arm-assisted
total hip arthroplasty: a 90-day episode-of-care clinical utility
and cost analysis. J Comp Eff Res 12(5):220208. https://doi.
org/10.57264/cer-2022-0208

11. Illgen RL, Bukowski BR, Abiola R, Anderson P, Chughtai M,
Khlopas A et al (2017) Robotic-assisted total hip arthroplasty:
outcomes at Minimum two-year Follow-Up. Surg Technol Int
30:365-372

12. Kirchner GJ, Lieber AM, Haislup B, Kerbel YE, Moretti VM
(2021) The cost of Robot-assisted total hip arthroplasty: com-
paring Safety and Hospital charges to conventional total hip
arthroplasty. J Am Acad Orthop Surg 29(14):609. https://doi.
org/10.5435/jaaos-d-20-00715

13. Bukowski BR, Anderson P, Khlopas A, Chughtai M, Mont MA,
Illgen RL (2016) Improved functional outcomes with robotic

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/1471-2474-15-53
https://doi.org/10.1186/1471-2474-15-53
https://doi.org/10.1186/s42836-019-0007-3
https://doi.org/10.1186/s42836-019-0007-3
https://doi.org/10.2106/jbjs.n.00811
https://doi.org/10.5435/jaaosglobal-d-18-00061
https://doi.org/10.5435/jaaosglobal-d-18-00061
https://doi.org/10.1016/j.arth.2010.03.013
https://doi.org/10.1302/0301-620x.93b7.25737
https://doi.org/10.1080/17453674.2016.1251255
https://doi.org/10.1080/17453674.2016.1251255
https://doi.org/10.1302/0301-620x.103b9.bjj-2020-2411.r1
https://doi.org/10.1302/0301-620x.103b9.bjj-2020-2411.r1
https://doi.org/10.3928/01477447-20160404-06
https://doi.org/10.57264/cer-2022-0208
https://doi.org/10.57264/cer-2022-0208
https://doi.org/10.5435/jaaos-d-20-00715
https://doi.org/10.5435/jaaos-d-20-00715
https://doi.org/10.1007/s00402-024-05230-8
https://doi.org/10.1007/s00402-024-05230-8

1850

Archives of Orthopaedic and Trauma Surgery (2024) 144:1843-1850

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

compared with manual total hip arthroplasty. Surg Technol Int
29:303-308

Domb BG, Chen JW, Lall AC, Perets I, Maldonado DR (2020)
Minimum 5-Year outcomes of robotic-assisted primary total
hip arthroplasty with a Nested Comparison against Manual Pri-
mary Total Hip arthroplasty: a Propensity score—matched study.
J Am Acad Orthop Surg 28(20):847. https://doi.org/10.5435/
jaaos-d-19-00328

Singh V, Realyvasquez J, Simcox T, Rozell JC, Schwarzkopf
R, Davidovitch RI (2021) Robotics Versus Navigation Versus
Conventional Total Hip Arthroplasty: does the Use of Technol-
ogy Yield Superior outcomes? J Arthroplasty 36(8):2801-2807.
https://doi.org/10.1016/j.arth.2021.02.074

Fontalis A, Kayani B, Haddad IC, Donovan C, Tahmassebi J,
Haddad FS Patient-reported outcome measures in Conventional
Total Hip Arthroplasty Versus robotic-arm assisted arthroplasty:
a prospective Cohort Study with Minimum 3 years’ Follow-Up. J
Arthroplasty [Internet]. 2023 Apr 25 [cited 2023 Jul 10]; https://
doi.org/10.1016/j.arth.2023.04.045

Maldonado DR, Go CC, Kyin C, Rosinsky PJ, Shapira J, Lall AC
et al (2021) Robotic arm-assisted total hip arthroplasty is more
cost-effective Than Manual Total hip arthroplasty: a Markov
Model Analysis. ] Am Acad Orthop Surg 29(4):e168. https://doi.
org/10.5435/jaaos-d-20-00498

Fontalis A, Kayani B, Thompson JW, Plastow R, Haddad
FS (2022) Robotic total hip arthroplasty: past, present and
future. Orthop Trauma 36(1):6—13. https://doi.org/10.1016/;.
mporth.2021.11.002

Ng N, Gaston P, Simpson PM, Macpherson GJ, Patton JT, Clem-
ent ND (2021) Robotic arm-assisted versus manual total hip
arthroplasty: a systematic review and meta-analysis. Bone Joint J
103-B(6):1009-1020. https://doi.org/10.1302/0301-620x.103b6.
bjj-2020-1856.r1

Karunaratne S, Duan M, Pappas E, Fritsch B, Boyle R, Gupta S
et al (2019) The effectiveness of robotic hip and knee arthroplasty
on patient-reported outcomes: a systematic review and meta-
analysis. Int Orthop 43(6):1283-1295. https://doi.org/10.1007/
$00264-018-4140-3

Perets I, Walsh JP, Mu BH, Mansor Y, Rosinsky PJ, Mal-
donado DR et al (2021) Short-term clinical outcomes of
robotic-arm assisted total hip arthroplasty: a pair-matched
controlled study. Orthopedics 44(2):e236—e242. https://doi.
org/10.3928/01477447-20201119-10

Buchan GBJ, Hecht CJ, Liu D, Mokete L, Kendoff D, Kamath
AF (2023) Improved accuracy of a novel fluoroscopy-based
robotically assisted THA system compared to manual THA. J
Robot Surg [Internet]. May 20 [cited 2023 Jun 9]; https://doi.
org/10.1007/s11701-023-01623-w

Kamath AF, Durbhakula SM, Pickering T, Cafferky NL, Murray
TG, Wind MA et al (2022) Improved accuracy and fewer outliers
with a novel CT-free robotic THA system in matched-pair analy-
sis with manual THA. J Robot Surg 16(4):905-913. https://doi.
org/10.1007/s11701-021-01315-3

OME Cleveland Clinic Orthopaedics (2019) J Bone Joint Surg
Am  101(5):458-464.  https://doi.org/10.2106/jbjs.18.00767.

@ Springer

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Implementing a Scientifically Valid, Cost-Effective, and Scalable
Data Collection System at Point of Care: The Cleveland Clinic
OME Cohort

Hung M, Bounsanga J, Voss MW, Saltzman CL (2018) Estab-
lishing minimum clinically important difference values for the
patient-reported outcomes Measurement Information System
physical function, hip disability and osteoarthritis outcome score
for joint reconstruction, and knee injury and osteoarthritis out-
come score for joint reconstruction in orthopaedics. World J
Orthop 9(3):41-49. https://doi.org/10.5312/wjo.v9.i3.41

Igbal S, Rogers W, Selim A, Qian S, Lee A, Ren X, The veter-
ans rand 12 item health survey (VR-12): what it is and how it is
used. [Internet]. [cited 2023 Jun 9]; Available from: https://www.
bu.edu/sph/files/2015/01/veterans rand 12 item health sur-
vey vr-12_2007.pdf

Nilsdotter AK, Lohmander LS, Kldssbo M, Roos EM (2003) Hip
disability and osteoarthritis outcome score (HOOS) — validity
and responsiveness in total hip replacement. BMC Musculoskelet
Disord 4:10. https://doi.org/10.1186/1471-2474-4-10

Lyman S, Hoos JR, Koos JR Outcomes Surveys. Hip dysfunction
and Osteoarthritis Outcome Score for Joint Replacement (HOOS,
JR.). [Internet]. [cited 2023 Jun 9] Available from: https://www.
hss.edu/hoos-jr-koos-jr-outcomes-surveys.asp

Zahiri CA, Schmalzried TP, Szuszczewicz ES, Amstutz HC (1998)
Assessing activity in joint replacement patients. J Arthroplasty
13(8):890-895. https://doi.org/10.1016/s0883-5403(98)90195-4
Emara AK, Samuel LT, Acuia AJ, Kuo A, Khlopas A, Kamath AF
(2021) Robotic-arm assisted versus manual total hip arthroplasty:
systematic review and meta-analysis of radiographic accuracy.
Int J Med Robot 17. https://doi.org/10.1002/RCS.2332

Buchan GBJ, Hecht CJ 2nd, Lawrie CM, Sculco PK, Kamath
AF (2023) The learning curve for a novel, fluoroscopy-based
robotic-assisted total hip arthroplasty system. Int J] Med Robot
19(4):e2518. https://doi.org/10.1002/rcs.2518

Peters RM, van Beers LWAH, van Steenbergen LN, Wolken-
felt J, Ettema HB, ten Have BLEF et al (2018) Similar Superior
patient-reported outcome measures for anterior and posterolateral
approaches after total hip arthroplasty: postoperative patient-
reported outcome measure improvement after 3 months in 12,774
primary total hip Arthroplasties using the anterior, anterolat-
eral, straight lateral, or Posterolateral Approach. J Arthroplasty
33(6):1786-1793. https://doi.org/10.1016/j.arth.2018.01.055
Lyman S, Lee YY, McLawhorn AS, Islam W, MacLean CH
(2018) What are the minimal and substantial improvements in
the HOOS and KOOS and JR versions after total joint replace-
ment? Clin Orthop Relat Res 476(12):2432-2441. https://doi.
org/10.1097/corr.0000000000000456

Langenberger B, Schrednitzki D, Halder AM, Busse R, Pross CM
(2023) Predicting whether patients will achieve minimal clini-
cally important differences following hip or knee arthroplasty.
Bone Joint Res 12(9):512-521. https://doi.org/10.1302/2046-
3758.129.BJR-2023-0070.R2

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.5312/wjo.v9.i3.41
https://www.bu.edu/sph/files/2015/01/veterans_rand_12_item_health_survey_vr-12_2007.pdf
https://www.bu.edu/sph/files/2015/01/veterans_rand_12_item_health_survey_vr-12_2007.pdf
https://www.bu.edu/sph/files/2015/01/veterans_rand_12_item_health_survey_vr-12_2007.pdf
https://doi.org/10.1186/1471-2474-4-10
https://www.hss.edu/hoos-jr-koos-jr-outcomes-surveys.asp
https://www.hss.edu/hoos-jr-koos-jr-outcomes-surveys.asp
https://doi.org/10.1016/s0883-5403(98)90195-4
https://doi.org/10.1002/RCS.2332
https://doi.org/10.1002/rcs.2518
https://doi.org/10.1016/j.arth.2018.01.055
https://doi.org/10.1097/corr.0000000000000456
https://doi.org/10.1097/corr.0000000000000456
https://doi.org/10.1302/2046-3758.129.BJR-2023-0070.R2
https://doi.org/10.1302/2046-3758.129.BJR-2023-0070.R2
https://doi.org/10.5435/jaaos-d-19-00328
https://doi.org/10.5435/jaaos-d-19-00328
https://doi.org/10.1016/j.arth.2021.02.074
https://doi.org/10.1016/j.arth.2023.04.045
https://doi.org/10.1016/j.arth.2023.04.045
https://doi.org/10.5435/jaaos-d-20-00498
https://doi.org/10.5435/jaaos-d-20-00498
https://doi.org/10.1016/j.mporth.2021.11.002
https://doi.org/10.1016/j.mporth.2021.11.002
https://doi.org/10.1302/0301-620x.103b6.bjj-2020-1856.r1
https://doi.org/10.1302/0301-620x.103b6.bjj-2020-1856.r1
https://doi.org/10.1007/s00264-018-4140-3
https://doi.org/10.1007/s00264-018-4140-3
https://doi.org/10.3928/01477447-20201119-10
https://doi.org/10.3928/01477447-20201119-10
https://doi.org/10.1007/s11701-023-01623-w
https://doi.org/10.1007/s11701-023-01623-w
https://doi.org/10.1007/s11701-021-01315-3
https://doi.org/10.1007/s11701-021-01315-3
https://doi.org/10.2106/jbjs.18.00767

	﻿Use of a fluoroscopy-based robotic-assisted total hip arthroplasty system produced greater improvements in patient-reported outcomes at one year compared to manual, fluoroscopic-assisted technique
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design
	﻿Surgical technique
	﻿PROM collection instruments
	﻿Radiographic analysis
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


