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Abstract

INTRODUCTION: In younger patients during total hip arthroplasty (THA), the presence
of morphologic deformities, previous surgeries, and retained hardware, can pose
technical challenges making reconstruction difficult. The purpose of our study is to assess
the outcome of robotic-assisted THA compared to conventional THA in patients younger
than 35 years old.

METHODS: A retrospective analysis of 123 patients younger than 35 years old who
underwent primary unilateral THA between January 2013 and April 2018 was conducted.
Patients were divided into two cohorts: (1) robotic-assisted THA (r-THA) and (2)
conventional-THA (c-THA). Demographics, operative details, and post-operative
outcomes were carefully studied. Radiographic analysis included measurement of
postoperative acetabular anteversion and inclination angles as well as perioperative leg
length discrepancies.

RESULTS: Of the total 123 patients, 30 patients (32 hips) were in the robotic-THA
cohort, and 93 patients (100 hips) were in the c-THA cohort. Patients in the r-THA cohort
were younger (26.6+6.2 vs. 29.0+5.3; p=0.03) and had a higher mean BMI (29.8+8.2 vs.
25.745.9; p=0.03) at surgery. The most common indications for THA were DDH and
osteonecrosis. The acetabular component was positioned within Lewinnek’s safe zone
more often in the r-THA cohort compared to the c-THA cohort (94% vs 65%; p<0.01).
Patients in the c-THA group were more likely to experience clinically significant higher
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rates of dislocation (2.9% vs. 0), revision (6.8%), any postoperative complication (7.8%),
and 90-day readmission (2.9) following THA.

CONCLUSION: Robotic THA can help improve outcomes in younger THA recipients.
Future studies with larger cohorts and longer follow-up times should evaluate outcomes
in this historically technically demanding patient population.

1 Introduction

Total hip arthroplasty (THA) is considered to be one of the most successful surgical procedures
offered to patients in the last century. Concurrent with its success, indications for THA have been
increasingly expanded to include younger patients with end-stage degenerative disease.'= In younger
patients during THA, the presence of morphologic deformities, limb length discrepancies (LLD),
previous surgeries, and retained hardware, can pose technical challenges making reconstruction
difficult.**

Robotic-assisted platforms were first introduced to total joint arthroplasty approximately two
decades ago in an effort to enhance clinical outcomes through improved component alignment and the
restoration of optimal joint kinematics.” Robotic-assisted THA (r-THA) can be especially useful in
cases where there is an absence of normal anatomic landmarks as the technology can help account for
anatomic variances through its image-based preoperative planning capabilities.” The purpose of our
study is to assess the outcomes of r-THA compared to conventional THA in patients younger than 35
years old. Our hypothesis is that r-THA will have improved radiographic outcomes, but no difference
in clinical outcomes or complications compared to conventional THA in patients under the age of 35.

283



Robotic-assisted Total Hip Arthroplasty May Reduce the Risk of Complications ... D. Novikov et al.

2 Methods & Materials

2.1 Data Collection

A retrospective analysis of 123 consecutive patients younger than 35 years old that underwent
primary unilateral THA between January 2013 and April 2018 at a large, urban, academic, tertiary care
center was conducted. Patients undergoing simultaneous bilateral THA or revision THA were excluded
from the search. Patients were divided into two cohorts: (1) robotic-assisted THA (r-THA) and (2)
conventional-THA (c-THA). All cases in the r-THA cohort were performed using the MAKO™ robotic
hip system (MAKO™ Surgical Corporation, Fort Lauderdale, FL, USA). Baseline patient
characteristics, surgical characteristics, and quality outcomes up to the patient’s last follow-up were
recorded.

2.2 Radiographic Analysis

Acetabular cup version and inclination angles were evaluated on standardized preoperative
anteroposterior (AP) pelvis radiographs for all cases. Cup orientation was deemed within Lewinnek’s
“safe zone” if it had an anteversion of 15° +/- 10° and inclination 40° +/- 10°.8 Leg length discrepancies
were measured as the difference in distance from a horizontal line at the inferior aspect of each
hemipelvis teardrop to the most prominent point of the lesser trochanter on standard postoperative AP
pelvis radiographs.’

2.3 Statistical Analysis

All descriptive and inferential statistics were conducted using SPSS v23 (International Business
Machines, Armonk NY) statistics software. Chi-square tests and Fishers exact tests were performed to
compare categorical variables and two-tailed Student’s t-tests were performed to compare means among
continuous variables. All tests performed were 2-sided where a p-value <0.05 was deemed statistically
significant.

3 Results

3.1 Patient and Surgical Characteristics

Of the total 123 patients, 30 patients (32 hips) were in the --THA cohort, and 93 patients (100
hips) were in the c-THA cohort. Patients in the r-THA cohort were younger (26.6+6.2 vs. 29.0£5.3;
p=0.03) and had a higher mean BMI (29.8+8.2 vs. 25.7+5.9; p=0.03) at surgery.

Patients in the r-THA cohort had significantly longer mean operative times than patients in the c-
THA cohort (138.7£34.0 minutes vs. 107.1+46.7 minutes; p<0.01). There was a significantly higher
rate of modular prosthesis implantation in the --THA cohort compared to the c-THA cohort (r-THA:
n=11, 34.4% vs. c-THA: n=5, 5.0%; p<0.01).

Radiographic analysis revealed a greater mean radiographic LLD correction in the r-THA cohort
(r-THA: 8.7+7.2 vs. c-THA: 5.7£6.0mm; p<0.05). The acetabular component was positioned within
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Lewinnek’s safe zone more often in the r-THA cohort compared to the c-THA cohort (94% vs 65%;

p<0.01) (Figure 1). The remainder of the characteristics were statistically similar (Table 1).

MAKO-THA Conventional-THA p-value
Table 1. Patient and Surgical Characteristics n = 30 patients n = 93 patients
32 hips (%) 100 hips (%)
Age (yrs.) (mean+SD [range]) 26.6+6.2 [13-35] 29.0+5.3 [15-35] 0.03*
Gender 0.94
Male 11 (38) 37 (40)
Female 19 (62) 56 (60)
ASA (mean£SD [range]) 1.9+0.6 [1-3] 1.9+0.6 [1-3] 0.86
BMI (kg/m?) (mean+SD [range]) 29.8+8.2 [15.1-54.3]  25.7£5.9 [16.6-40.4] 0.03*
Indication for THA 0.12
Osteonecrosis 8(26) 46 (46)
DDH 14 (45) 26 (26)
Crowe 0.26
1 6(42.9) 10 (38.4)
11 7 (50) 7(26.9)
I & IV 1(7.1) 6(23.0)
OA 5(16) 10 (10)
Othert 4 (12.5) 21 (21)
Previous hip surgery (Yes) 10 (33.3) 25 (27) 0.94
Length of follow-up (months) (mean+SD [range]) 19.3+13.9 [3-43] 23.9+18.3 [3-65] 0.14
Anesthesia Method 0.10
Spinal 13 (40) 62 (62)
General 19 (60) 38 (38)
Surgical time (minutes) (mean+SD [range]) 138.7+£34.0 107.1+46.7 <0.01*
Intraoperative ROH (Yes) 2(6.3) 2(2) 0.22
Intraoperative subtrochanteric osteotomy 1(3.1) 0(0) 0.24
Use of modular femoral prosthesis (Yes) 11 (34.3) 5(5) <0.01*
Hospital LOS (days) (mean+SD [range]) 3.0+1.4 [1-6] 2.6+1.4 [0-6] 0.44
Preoperative LLD (mm) (mean+SD [range]) 11.949.5 [0.3-33.7] 9.3+11.3 [0-85] 0.28
Postoperative LLD (mm) (mean+SD [range]) 7.246 [0.3-20.3] 7.6+12.1 [0.8-63] 0.90
LLD correction} (mm) (mean+SD [range]) 8.7+7.2 [0.5-28.1] 5.746.0 [0-24.1] <0.05*
Cup Positioned within Lewinnek Safe Zone <0.01*

Yes
No

30 (94)
2(6)

65 (65)
35(35)
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Discharge Disposition

Home 29 (91) 98 (98)
Acute rehab 1(3) 1(1)
Skilled nursing facility 2 (6) 1(1)

D. Novikov et al.

0.15

*Statistically significant

+Other includes Legg-Calvé-Perthes, rheumatoid arthritis, septic arthritis, juvenile rheumatoid

arthritis, and trauma
}Preoperative LLD — Postoperative LLD

3.2 Postoperative Outcomes

The mean follow-up time was similar in both cohorts (r-THA: 19.3+13.9 months vs. c-THA:
23.9+18.3 months; p=0.14). Patients in the c-THA group were more likely to experience clinically
significant higher rates of dislocation (2.9% vs. 0%), revision surgery (6.8% vs. 0%), any postoperative

MAKO-THA Conventional-THA
Table 2 Postoperative Outcomes n = 30 patients n =93 patients p-value
32 hips (%) 100 hips (%)
Dislocation 0(0) 3(2.9) 033
Revision THA 0 (0) 7 (6.8) 0.14
Instability _ 2
Infection _ 2
Aseptic Loosening _ 2
Periprosthetic fracture 1
Any postoperative surgical
complication 000 8(78) 0.10
90-day readmission 0(0) 3(2.9) 033

Figure 1. Cup Positioning with Conventional and Robotic Total Hip Arthroplasty Scatter Plot
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complication (7.8% vs. 0%), and 90-day readmission (2.9% vs. 0%) following THA. However, these
differences in outcome rates failed to reach statistical significance (Table 2).

4 Discussion

The findings of the present study demonstrate that rates of dislocation, revision THA, and all-cause
postoperative surgical complications favored the use of robotic-assisted THA in this young adult
population. Moreover, patients in the r-THA cohort had acetabular cups positioned within the safe zone
significantly more often than patients in the c-THA cohort. This finding is in accordance with a previous
study by Kamara et al that found that the use of robotic-THA is associated with a statistically higher
percentage of acetabular cups placed within the surgeon’s target zone (97%) when compared to
conventional posterior (76%) and fluoroscopic anterior (84%) THA approaches (p<0.01).!°

Regarding LLD, the present study demonstrates that there was a significantly larger LLD correction
achieved in the r-THA cohort when compared to the c-THA cohort (r-THA: 8.7 vs. c-THA: 5.7;
p<0.05). This finding is in contrast to a recent study by Kayani et al. in which the authors demonstrated
no difference in the accuracy of correcting LLD between c-THA and r-THA recipients.!'! It is possible
that the higher rate of DDH in the r-THA cohort (45% vs. 25%) increased the mean preoperative LLD
resulting in a greater mean LLD correction.

The mean operative time was longer in the r-THA cohort despite a similar complexity of cases
among both cohorts, as defined by various patient characteristics (Crowe classification) and
intraoperative variables (i.e. removal of hardware, subtrochanteric osteotomy). This finding is in
accordance with a recent meta-analysis by Chen et al. that demonstrated a trend towards longer mean
surgical times with robotic-assisted THA, with these cases taking 23.21 minutes longer than
conventional THA, however this failed to reach statistical significance (p=0.09).!2

The present study is not without limitations. As a retrospective study, selection bias could have
been introduced into the study, especially considering the differences in age and BMI among both
cohorts. While it is possible that the outcome trends of the present study can reach a statistical
significance with a larger sample size, it would be very difficult to capture a cohort of the desired age
group at that magnitude. Additionally, there is a surgeon-specific bias that results from a different
number of surgeons performing cases among the cohorts, possibly confounding the results.

5 Conclusion

Robotic-assisted THA appears to limit early dislocations, revisions, and hospital readmissions
within the first two postoperative years for THA-recipients under 35 years of age. This young adult
population will continue to be followed to evaluate for differences in long-term survivorship and
outcomes between r-THA and c-THA. Future studies with larger cohorts and longer follow-up times
should evaluate outcomes in this historically technically demanding patient population.
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