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Abstract
Accurate acetabular cup position remains a persistent challenge in total hip arthroplasty (THA). Studies investigating the 
early outcomes of robotic-assisted THA (RA-THA) systems have shown improved cup placement compared to manual 
THA (mTHA) approaches, however, contemporary robotic platforms are reliant on pre-operative CT imaging. The goal of 
this study was to analyze the accuracy of a novel, fluoroscopy-based RA-THA system compared to an unassisted mTHA 
approach and determine the effect of the robotic system on operative time. We performed a retrospective cohort analysis on 
a consecutive series of 198 patients who received mTHA and RA-THA between March 2021 and July 2022. The primary 
outcome of interest was the accuracy of acetabular component placement, defined by average cup inclination and antever-
sion. Secondary outcomes included the proportion of acetabular cups positioned within the Lewinnek safe zone, operative 
time, and overall room time. The RA-THA group demonstrated significantly higher accuracy of acetabular anteversion to 
target compared to the manual group (18.5 vs. 21.7˚; p < 0.001), and had a significantly greater proportion of acetabular 
cups placed within the Lewinnek safe zone (81.6 vs. 59.0%; p < 0.001). The RA-THA cohort had longer operative times 
compared to mTHA group (39.0 vs. 35.3 min; p = 0.003), but no difference was seen in total operating room time (101.2 vs. 
101.2 min; p = 0.982). This study demonstrates that the use of a novel, fluoroscopy-based, pin-less THA robotic platform 
increased the accuracy of acetabular cup placement, including a 22.6% improvement in safe zone placement, compared to 
mTHA approach, with no increase in overall case time.

Keywords Total hip arthroplasty (THA) · Accuracy · Robotic-assisted surgery · Fluoroscopy · Robotic THA · Hip 
replacement

Introduction

Total hip arthroplasty (THA) is widely considered as 
one of the most effective surgeries [24]. Despite the 
overall success of the procedure, complications such as 

component malposition, impingement, and dislocation can 
occur, which can ultimately result in need for surgical revi-
sion [10]. One of the major factors that determines the suc-
cess of THA and reduces the rates of these complications 
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is the accuracy of acetabular component placement [4, 7, 
12, 16].

To improve the accuracy of cup placement and reduce 
complication rates, robotic platforms have been developed 
and integrated into clinical practice to assist in the execu-
tion of THA [26]. Studies investigating the early outcomes 
of semi-autonomous robotic-assisted THA (RA-THA) 
published in the current literature have shown improved 
cup placement and decreased intraoperative complications 
compared to unassisted manual THA (mTHA) [5, 8, 10, 
17, 28]. Likewise, several groups have demonstrated that 
this increased precision has translated to greater hip-spe-
cific functional outcomes in patients who have received 
RA-THA compared to traditional approaches [6, 22]. Sev-
eral economic analyses have estimated that these recent 
improvements in robotic surgery have made RA-THA 
more cost-effective than mTHA, in part due to shorter 
lengths of hospital stay and lower consumption of care 
resources [11, 20, 23, 24].

Although these studies have illustrated the potential 
benefits of RA-THA workflows, a current criticism of con-
temporary robotic platforms is the reliance on pre-opera-
tive CT imaging and intraoperative navigation tracker pins 
to guide the robotic platform, which can alter intraopera-
tive workflow, prolong operative times, introduce addi-
tional radiation associated with CT imaging, and increase 
overall costs of the procedure compared to unassisted tech-
niques [16, 18, 27]. Additionally, the accuracy advantages 
of robotics have not been clearly demonstrated when used 
in conjunction with direct anterior approach THA (DAA-
THA) compared with fluoroscopic guidance [25]. Novel, 
fluoroscopic-based robotic platforms aim to address these 
issues through the replacement of pre-operative CT imag-
ing with the integration of intraoperative fluoroscopy [16]. 
While a cadaveric study has shown improved accuracy of 
acetabular cup placement in a fluoroscopy-based robotic 
platform compared to an unassisted approach [16], no 
group has examined the accuracy of this novel, pin-less 
fluoroscopy-based RA-THA in clinical practice. Thus, 
our present study sought to (1) evaluate the accuracy of a 
fluoroscopy-based RA-THA platform compared to man-
ual unassisted technique, and (2) determine the effect of 
the robotic system on operative time. We hypothesized 
that use of this robotic system would increase accuracy 
of acetabular cup placement relative to the current unas-
sisted standard by providing full control of the surgeon’s 
planned acetabular positioning while introducing no sig-
nificant increase on operative times.

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 mTHA and fluoroscopy-based RA-THA between 
March 2021 and July 2022. Inclusion criteria for this study 
were patients greater than 18 years of age who underwent 
primary unilateral DAA-THA by the primary study surgeon 
at a single institution. All patients received THA for a diag-
nosis of osteoarthritis, avascular necrosis, or rheumatoid 
arthritis. Exclusion criteria for this study were patients with 
missing or inadequate post-operative radiographs, patients 
who underwent THA for a femoral neck fracture, and 
patients less than 18 years of age. From September 2019 to 
August 2021, only DAA mTHA was performed with routine 
use of a standard intraoperative C-arm fluoroscopy for assis-
tance. The RA-THA platform, the  ROSA® Total Hip System 
(Zimmer Biomet, Warsaw IN, USA), was approved for clini-
cal use by the Food and Drug Administration in September 
2021, and all THA were performed after this approval uti-
lizing the robotic system. By querying the electronic health 
record (EHR), we identified a consecutive series of the first 
98 patients who underwent unilateral, fluoroscopy-based 
RA-THA at our institution, which served as the experimental 
group. The control group was selected from the most recent 
100 patients who underwent mTHA with the same surgeon.

The primary outcome of interest was the accuracy of ace-
tabular component placement, defined as average cup incli-
nation and anteversion between the two treatment groups 
with respect to the preoperative goal of 40°/15° of inclina-
tion/anteversion. Secondary outcomes included the propor-
tion of acetabular cups positioned within the Lewinnek safe 
zone, defined as 40 ± 10˚ of cup inclination and 15 ± 10˚ 
of cup anteversion [10], as well as average operative and 
overall operating room times. Acetabular cup orientation 
was determined by analyzing post-operative anteroposterior 
(AP) pelvic radiographs using Martell Hip Analysis Suite 
Software (version 8.0.4.5., Martell Hip Analysis Suite™, 
Chicago, IL). Radiographs used for analysis were stand-
ardized to standing AP pelvis studies obtained at routine 
6-week post-operative follow-up visits. An example of the 
radiographic analysis using the Martell Hip Analysis Suite 
is presented in Fig. 1. Age at time of procedure, sex, race, 
body mass index (BMI), preoperative diagnosis, procedure 
laterality, ASA score, and operative time were recorded for 
each patient. Total operative time was defined as the time 
from incision to start of skin closure. Total operating room 
time was defined as the time between when the patient was 
transported into, then out of the operating room. Event times 
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were calculated from intraoperative timestamps recorded in 
the EHR.

Surgical techniques

For the control cohort, the principal surgeon performed 
unassisted mTHA through a DAA on a traction table. Fluor-
oscopic C-arm guidance was used to assist with leveling the 
pelvis (i.e. symmetrical obturator foramina), bone prepara-
tion, and component positioning. For the study cohort, DAA-
THA was performed with assistance of the robotic system, 
using the workflow previously published by Kamath et al. 
[16]. The principal surgeon targeted 40°/15° of inclination/
anteversion for acetabular cup orientation for both manual 
and robotic cohorts. All patients were implanted with the G7 
Acetabular System (ZimmerBiomet, Warsaw, IN) and the 
Avenir Complete femoral stem (ZimmerBiomet, Warsaw, 
IN). In both groups, the surgical technique and peri-opera-
tive management was identical apart from the use of fluoro-
scopic guided robotic assistance in the treatment cohort and 
manual fluoroscopic guidance in the control cohort.

Statistical analysis

Descriptive statistics for patient demographics and surgical 
data were performed. Continuous variables were reported as 
means and standard deviations (SD) and compared between 

groups using independent sample t-tests. Categorical vari-
ables were presented as frequencies and compared using 
Pearson’s chi-squared tests or Fisher’s exact tests when 
appropriate. Variances were used to define the precision of 
acetabular cup position and compared using F-tests.

All tests were two-tailed. P-values < 0.05 were consid-
ered statistically significant. Using β = 0.8, our study was 
appropriately powered to detect a 15% difference in rates of 
acetabular cup placement within the Lewinnek safe zone. 
Statistical analyses were performed using JMP Version 16.2. 
(SAS Institute Inc., Cary, NC, 1989–2021).

Results

The study series included 198 patients, consisting of 100 
patients who received mTHA and 98 patients who received 
fluoroscopy-based RA-THA. Both the robotic THA and 
mTHA cohorts had similar baseline demographic charac-
teristics of age, sex, BMI, and race (Table 1). Likewise, there 
was no significant difference in surgical side, preoperative 
diagnosis, or distribution of ASA scores between treatment 
groups.

Comparison of the accuracy of acetabular cup place-
ment demonstrated significantly greater accuracy in the 
RA-THA cohort compared to the mTHA cohort. Specifi-
cally, the RA-THA group demonstrated significantly higher 
accuracy of acetabular anteversion to target, compared to 

Fig. 1  Example analysis of a 6-week post-operative standing anteroposterior pelvis radiograph using the Martell Hip Analysis Suite
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the manual group (18.5˚ vs. 21.7˚; p < 0.001). The RA-
THA group had significantly less variance in acetabular 
anteversion measurements compared to the mTHA group 
(26.0 vs. 44.5; p = 0.008). The robotic THA treatment 
group had a significantly greater proportion of acetabu-
lar cups placed within the Lewinnek safe zone compared 
to the mTHA group (81.6% vs. 59.0%; p < 0.001). While 
there was no difference in acetabular inclination (42.8˚ 
vs. 42.8˚; p = 0.976), there was significantly lower vari-
ance for the RA-THA group for this parameter (26.8 vs. 
46.7; p = 0.007). Distribution of acetabular cup positions 
are presented as Box plots in Fig. 2. The proportion of ace-
tabular cups placed in the Lewinnek safe zone for manual 
and robotic groups are graphically represented in Fig. 3.

The robotic THA cohort had significantly longer opera-
tive times compared to mTHA group (39.0 vs. 35.3 min; 
p = 0.003), but no difference was seen in total operating 
room time between groups (101.2 vs. 101.2 min; p = 0.982). 
Comparisons of the primary and secondary outcomes are 
presented in Table 2.

Discussion

This study presents the first clinical results of a novel, fluor-
oscopy-based, pin-less robotic-assisted platform for primary 
THA. The principal finding of our study is that the fluor-
oscopy-based RA-THA system demonstrated significantly 
more accurate and precise acetabular cup positioning com-
pared to a manual approach with respect to cup placement 
within the Lewinnek safe zone. While the Lewinnek safe 
zone has come under recent scrutiny as a functional goal 
of procedural success [1, 9], the safe zone remains a widely 
used benchmark for accuracy of DAA-THA compared to a 
planned preoperative goal. Additionally, our study is report-
ing on precision of the RA-THA in achieving the surgeon’s 
target orientation (i.e. inclination of 40 degrees and antever-
sion of 15 degrees), and our findings confirm the hypothesis.

In a recent study on radiological outcomes of CT-based 
RA-THA compared to mTHA, Domb et al. reported that 
the CT-based RA-THA had significantly higher rates of cup 
orientation within the Lewinnek safe zone [97.0% vs. 73.8%, 
relative risk of placement outside safe zone, 0.11 (95% confi-
dence interval, 0.03 to 0.46), p = 0.002], with a difference of 
23.2% between cohorts, similar to that in this present study 
[8]. Importantly, not only do our findings further support the 
growing body of evidence supporting the improved accuracy 
of RA-THA compared to mTHA, but that the improvements 
in accuracy seen in this novel, fluoroscopy-based robotic 

Table 1  Patient demographic and treatment data

Categorical variables expressed as percentages; Quantitative vari-
ables expressed as mean (SD)
Significance set to  p < 0.05

Technique p value

Manual THA Robotic THA

n = 100 n = 98
Age at surgery (years) 60.7 (14.6) 60.5 (13.8) 0.913
Gender (% Female) 53.0 46.9 0.394
Body mass index (BMI) 29.2 (5.0) 29.6 (4.8) 0.554
Race
 (% Caucasian) 80.0 80.6 0.857
 (% Black) 20.0 18.4
 (% Other/multiracial) 0.0 1.0

Side (% left) 38.0 44.9 0.325
Preoperative diagnosis
 (% Osteoarthritis) 87.0 84.0 0.355
 (% Avascular necrosis) 13.0 12.0
 (% Rheumatoid arthritis) 0.0 2.0

ASA score
 (% Class I) 2.0 1.0 0.224
 (% Class II) 48.0 48.0
 (% Class III) 46.0 50.0
 (% Class IV) 4.0 0.0

Fig. 2  Box plots of acetabular cup anteversion (a) and inclination (b) 
comparing manual THA and robotic-assisted THA
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platform are comparable to those observed in previous 
CT-based systems. Similarly, Kamara et al. found signifi-
cantly smaller variance for a posterior RA-THA approach 
compared to a manual fluoroscopy-guided DAA THA and 
a manual posterior approach in both achieved inclination 
(14.0 vs. 24.5 vs. 37.5; p < 0.01) and anteversion (19.5 vs. 
54.6 vs. 56.3; p < 0.01) [15]. Although this study was com-
paring differences in both robotic assistance and surgical 
approach across three different study cohorts, the robotic 
arm of this study showed significantly reduced variance of 
acetabular cup position similar to that in our study. In con-
trast, a recent study by Stewart et al. questioned whether 
robotics improved acetabular component precision when 
used for DAA THA. They compared fluoroscopic guid-
ance versus CT-based robotics for DAA THA and found no 

benefit with the use haptic, CT-based robotic guidance for 
acetabular anteversion, safe zone placement, leg length dis-
crepancy, or femoral and global offset [25]. One reason for 
this may lie in the difficulties with bony land marking and 
registration of the acetabulum when using DAA for THA. 
In comparison to this published data, the decreased variance 
in our RA-THA cohort demonstrates similar improvements 
in precision of acetabular cup placement using this novel 
fluoroscopy-based robotic platform compared to previous 
CT-based robotic approaches. Taken together, these results 
suggest that this system is able to achieve similar radiologi-
cal results to CT-based platforms without the need of an 
additional pre-operative CT scan nor intra-operative guid-
ance pins nor bony landmark registration required in CT-
based RA-THA workflows. This translates to improvement 
in overall treatment results with RA-THA, while streamlin-
ing procedural workflows and eliminating radiation associ-
ated with CT imaging; this comes without sacrificing com-
ponent placement accuracy with use of fluoroscopy-based 
robotic system.

In addition to improved accuracy, we found no prolonga-
tion in overall case time with the introduction of the robotic 
system during THA. While operative times for the robotic 
cohort were approximately 4 min longer than that of manual 
cases, the overall operating room time was identical between 
both groups. It is also unlikely that the 4 additional minutes 
provides clinical or resource utilization significance, despite 
the statistical difference [3]. While the introduction of the 
robotic system appears to increase the duration of the hands-
on portion of the procedure, given that preparation of the 
patient for surgery, skin closure, and operating room turno-
ver constitutes a significantly greater proportion of the total 
case time, any increase in procedural time introduced to the 
robot had no clinical effect on overall workflow. Importantly, 

Fig. 3  Scatterplots of acetabu-
lar cup alignment parameters 
for manual THA and robotic-
assisted THA cases

Table 2  Accuracy data and operative times

Categorical variables expressed as percentages; Quantitative vari-
ables expressed as mean (SD)
Significance bolded at a level of p < 0.05

Technique p value

Manual THA Robotic THA

Inclination (˚)
 Mean (SD) 42.8 (6.8) 42.8 (5.2) 0.976
 Variance 46.7 26.8 0.007

Anteversion (˚)
 Mean (SD) 21.7 (6.7) 18.5 (5.1)  < 0.001
 Variance 44.5 26.0 0.008

Lewinnek safe zone (%) 59.0 81.6  < 0.001
Operative time (mins) 35.3 (9.9) 39.0 (7.1) 0.003
Total operating room time 

(mins)
101.2 (19.8) 101.2 (12.7) 0.982



2078 Journal of Robotic Surgery (2023) 17:2073–2079

1 3

this meant that the integration of the fluoroscopy-based robot 
had no impact on overall workflow in this clinical, real-
world study inclusive of any potential learning curve. Sev-
eral studies have similarly reported increased operative times 
for CT-based RA-THA compared to mTHA [13, 14, 19, 21]. 
In their case–control study investigating cup positioning of 
CT-based RA-THA and mTHA, Guo et al. found signifi-
cantly longer operative time for the robotic cohort compared 
to the manual cohort (91.37 vs. 77.51 min; p < 0.001) [13]. 
Although it is difficult to draw direct comparisons, as our 
operative time was defined from incision to start of skin clo-
sure, it is worth noting that the absolute difference in opera-
tive times is much larger then that seen in the present study 
(39.0 vs. 35.3 min; p = 0.003). This may suggest that the 
fluoroscopy-based robotic workflow has reduced operative 
times compared to CT-based robotic workflows, but future 
studies would be required to directly compare potential dif-
ferences in the robotic platforms standardized for operative 
approaches.

Our study had several limitations. Firstly, the study is sub-
ject to EHR data extraction; we utilized digitally recorded 
operative times to mitigate this bias. Secondly, the primary 
study surgeon performs a high volume of THA that could 
affect the generalizability of this study. The mean number 
of THA procedures per surgeon in the United States, as 
reported in the American Joint Replacement Registry, is 
approximately 30 THA per year, while the principal surgeon 
performs > 250 THA per year [2]. However, a surgeon with 
less experience may likely have lower accuracy with their 
baseline mTHA procedures. Therefore, it is possible that the 
significance of our findings on procedure accuracy would be 
strengthened if this study were repeated with lower volume 
surgeons. Thirdly, while cohorts were not matched a priori, 
the demographic analysis showed that cohorts were com-
parable. Finally, while standardized post-operative imaging 
analysis techniques (i.e., Martell analysis) were used, this 
modality may be subject to variations in patient position-
ing, such as with severe spinopelvic disease, and across time 
points. We sought to present a real-world scenario of using 
pre- and post-operative standard radiographs, which may 
account for the variability in safe zone and component meas-
urements when compared to other studies in the literature. 
Our analysis emphasized matching pre-operative AP stand-
ing pelvis imaging to post-operative standing AP imaging to 
reduce potential error in measurement technique.

Conclusion

The findings of this study suggest that the use of a novel, 
fluoroscopy-based, pin-less THA robotic platform increased 
the accuracy and precision of acetabular cup placement com-
pared to fluoroscopy-guided, manual THA. Additionally, 

there was no difference in overall case time between robotic 
and manual cohorts. Relative to CT-based robotic workflows 
presented in the current literature, use of fluoroscopy-based 
RA-THA demonstrated similar benefits of increased accu-
racy of cup positioning with a notably smaller increase in 
operative time. Therefore, given the improved accuracy with 
the fluoroscopy-based robotic technique used in this study, 
our findings can be used to justify the further investigation of 
fluoroscopy-based THA robotic assistance systems in clini-
cal practice.
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