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1 Introduction
As in many fields, robotic technology has offered the opportunity to improve accuracy and
precision in THA implantation. Robotic-arm assisted THA has been shown to result in significantly
more accurate positioning of implants in vivo 1. Other studies have suggested that robotic assistance
reduces leg length discrepancy and allows for smaller, bone-preserving implants in THA 2.
What has yet to be determined, however, is how robotic-arm assisted THA translates into
clinical outcomes. The additional financial costs and learning curve associated with surgical robotic
systems demand a clear benefit to the patient to justify their use.
The purpose of this study was to report clinical outcomes at minimum two-year follow-up for
patients who underwent robotic-arm assisted THA compared to a pair-matched control group of patients
who underwent manual THA.

2 Methods
Prospective data collection extended through the study period from July 2011 to January 2015.
Patients were included in the study if they underwent primary THA with robotic-arm assistance to treat
idiopathic osteoarthritis, performed by the senior author (BGD). At a minimum of two years after
surgery, outcomes data were collected through questionnaires distributed during office visits, by
encrypted email, or over telephone. Complete follow-up included collection of the Harris Hip Score
(HHS) and Forgotten Joint Score (FJS-12) patient-reported outcome (PRO) measures, a 0-10 visual
analog scale (VAS) for pain, and patient satisfaction on a 0-10 scale 3,4. Additionally, any postoperative
complications or subsequent ipsilateral hip surgeries were noted.
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Each patient who underwent robotic-arm assisted THA was matched to a patient who
underwent primary THA by the senior author (BGD) using freehand technique without robotic
assistance. Patients were matched 1:1 for age, sex, BMI, and surgical approach (anterior vs. posterior).
This study was approved by the institutional review board.

3 Results
There were 353 eligible robotic-arm assisted THAs performed during the study period, 295
(83.6%) of which had complete minimum two-year follow-up. Eighty-five robotic-arm assisted THAs
were successfully pair-matched to controls. As shown in Table 1, there were no statistically significant
differences in demographic factors between study groups, indicating adequate control by the pairmatching process.

Hips
Patients
Age (years)
Sex
Female
Male
BMI (kg/m2)
Laterality
Left
Right
Approach
Anterior
Posterior

MAKO
85
80
57.0 ± 9.1 (37.6 – 79.1)

Control
85
78
56.6 ± 9.6 (34.2 – 81.0)

48 (56.5%)
37 (43.5%)
28.2 ± 3.7 (20.0 – 36.5)

48 (56.5%)
37 (43.5%)
28.1 ± 4.4 (18.9 – 40.4)

42 (49.4%)
43 (50.6%)

37 (43.5%)
48 (56.5%)

37 (43.5%)
48 (56.5%)

37 (43.5%)
48 (56.5%)

p-value
0.798
> 0.999
0.777
0.539
> 0.999

Table 1: Demographics

The patients who underwent THA with robotic assistance had significantly higher scores than
the control group both for HHS (p < 0.001) and FJS-12 (p = 0.003). They trended towards lower VAS,
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although these differences were not statistically significant (p = 0.120). There was no difference in
patient satisfaction between the groups. (p = 0.591). Outcomes data are illustrated in Figure 1.
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Figure 1: Patient Reported Outcomes

There was no significant difference in the rate of complications or subsequent revisions
between groups.

4 Discussion
Correct positioning of implants during THA is essential for achieving good outcomes for a
patient. Previous studies have suggested difficulty in consistent implant placement using the freehand
technique. Callanan et al. reviewed radiographs of 1823 THAs and hip resurfacings in the
Massachusetts General Hospital joint registry and found that only 50.3% of acetabular cups were within
the safe zone for both abduction and version 5. In a study of 200 THAs performed by three orthopedic
surgeons and nine residents, Bosker et al. found that 70.5% had accurate placement 6. Component
malposition has been shown to be associated with serious negative consequences, such as increased
polyethylene wear, osteolysis, and dislocations 7-9.
Surgical robotic systems developed in recent years to assist implantation in THA have offered
the ability to improve accuracy and precision. Nawabi et al. studied 12 cadaveric cup implantations and
found that the robotic system was significantly more accurate to ideal cup orientation, concluding that
robotic assistance has the potential to eliminate human error in THA 10. Domb et al. compared the
postoperative radiographs of 50 robotic-arm assisted THAs to a pair-matched control group of
conventional posterior THAs performed by the same surgeon1. They found that cup components
159
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implanted with robot assistance were significantly more likely to be positioned within the safe zone as
defined by both Lewinnek et al. and Callanan et al., with 100% accuracy for the former. A review of
1980 THAs performed by six surgeons at the same institution found that techniques using computer
navigation or robotic-arm assistance were significantly more accurate to the safe zones 11. SuarezAhedo et al. also found that robotic-arm assistance allowed for relatively smaller component sizes,
suggesting greater preservation of native bone stock 12. Illgen et al. reported on 100 robotic-arm assisted
THAs in comparison to manual THAs performed both early and late in clinical practice 13. This study
found that robotic-arm assistance led to both a 71% increase in accuracy of cup component placement
and a significantly lower rate of dislocations 14.
The current study demonstrates statistically higher scores at minimum two-year follow-up for
robotic-arm assisted THAs using two separate PRO measures. Although other factors, such as the
financial cost, increased operative times, or complications that may accompany the initial learning curve
must remain considerations, the results of this study suggest that the use of robotic-arm assistance in
THA may lead to improved outcomes for patients and therefore warrants continued pursuit. Longerterm studies will elucidate further unresolved issues in the field of robotic-arm assisted THA. In
particular, as more data become available, rates of relatively uncommon events such as revision THA
and dislocation will be more readily studied.

5 Conclusion
Performing THA with robotic-arm assistance may be of benefit to short-term patient outcomes
compared to manual THA. There were no differences found regarding the rate of complications or
subsequent revisions between groups, suggesting the procedure is safe compare to manual THA.
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