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Abstract 
In a prospective, non-randomized trial, 222 hips across seven centers received the same THA system 

of a tapered wedge stem and novel additively manufactured titanium porous clusterhole acetabular shell 
in primary THA. 113 hips were implanted with a robotic-assisted surgical system while 109 hips were 
implanted manually. The robotic-assisted cohort yielded a similar mean skin-to-skin surgical time of 
80.35 minutes compared to 79.35 minutes for the manual cohort (p=0.8895), along with a shorter 
hospital stay of 0.96 days compared to 1.59 days (p<0.0001). The robotic-assisted cohort resulted in a 
lower blood loss of 199.8 cc compared to 310.1 cc for the manual cohort (p<0.0001). Standard deviation 
for incision length was 81% of the value in robotic-assisted cases when comparing with manual cases 
(2.2 cm vs. 2.7cm). Robotic-assisted THA cases demonstrated improved clinical outcomes with a higher 
6-week postoperative HHS (81.0 vs. 78.4), physical VR-12 (39.5 vs. 35.9), and LEAS (9.2 vs. 8.0). The 
EQ-5D treatment effect size at 6-weeks postoperative for robotic-assisted cases exceeded a large effect 
with a value of 0.91, while the effect size for manual cases was 0.59. Robotic-assisted 3-D patient 
specific planning and haptically guided robotic-assisted surgical execution demonstrated an improved 
operative experience relative to blood loss, and incision length.  The robotic cohort also yielded 
improved early clinical and functional outcomes when comparted to manual techniques at six weeks. 
These early, enhanced robotic-assisted THA results support surgeons using robotics with the goals of 
decreased patient pain, greater range of motion, and increased joint stability.  

1  Introduction 
 
Several radiographic studies have demonstrated the precision and accuracy of component placement 

in robotic-assisted total hip arthroplasty1,2 (THA). However, no studies have evaluated the 
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intraoperative experience and early clinical outcomes between robotic and manual techniques.  This is 
the first study to compare intraoperative surgical information and early postoperative clinical outcomes 
between robotic-assisted and manual implantation using the same novel additively manufactured 
porous3 acetabular shell and a tapered wedge stem. 
 

2 Methods 
 
In a prospective, non-randomized trial, 222 hips across seven centers received the same THA system 

of a tapered wedge stem (Accolade II, Stryker, Mahwah, NJ) and an additively manufactured titanium 
porous clusterhole acetabular shell (Trident II Tritanium, Stryker, Mahwah, NJ) in patients undergoing 
a primary THA. In our cohort, 113 hips were implanted with a robotic-assisted surgical system 
(Mako/Stryker, Fort Lauderdale, FL) by four different surgeons, while 109 hips were implanted 
manually by three different surgeons. Demographic and surgical information was collected, along with 
6-week post-operative clinical outcomes including: Harris Hip Score (HHS), Lower Extremity Activity 
Scale (LEAS), EuroQol-5D (EQ-5D) and Veterans Rand 12 (VR12). There were no differences in body 
mass index (BMI), age, or ASA Score between the robotic-assisted and manual cohorts. 

3 Results 
The robotic-assisted cohort yielded a similar mean skin-to-skin surgical time of 80.35 minutes 

compared to 79.35 minutes for the manual cohort (p=0.8895), along with a shorter hospital stay of 0.96 
days compared to 1.59 days (p<0.0001). The robotic-assisted cohort resulted in a lower blood loss of 
199.8 cc compared to 310.1 cc for the manual cohort (p<0.0001). These trends translated to improved 
clinical outcomes with the robotic-assisted THA cases demonstrating a higher 6-week postoperative 
HHS (81.0 vs. 78.4), physical VR-12 (39.5 vs. 35.9), and LEAS (9.2 vs. 8.0). Robotic-assisted cases 
reported a similar preoperative pain specific to indoor and outdoor housework yet experienced a 
significantly lower postoperative pain compared to manual cases. (Figure 1).  The EQ-5D treatment 
effect size at 6-weeks postoperative for robotic-assisted cases exceeded a large effect with a value of 
0.91, while the effect size for manual cases was 0.59 (Figure 2). 

4 Discussion 
 Robotic-assisted 3-D patient specific planning and haptically guided robotic-assisted surgical 

execution demonstrated an improved operative experience relative to blood loss, and incision length.  
The decrease in blood loss may be contributed to the use of a single-ream technique for acetabular 
preparation.  The robotic cohort also yielded improved early clinical and functional outcomes when 
comparted to manual techniques at six weeks. These early, enhanced robotic-assisted THA results 
support surgeons using robotics with the goals of decreased patient pain, greater range of motion, and 
increased joint stability.4,5 The ability to plan and recreate the desired hip center of rotation, hip length, 
and offset likely contribute to the improved clinical outcomes. 6,7 

Although many confounding variables were controlled for, longer term follow-up with larger 
numbers may be required to confirm enhanced outcomes and surgical experiences using the robotic-
assisted total hip arthroplasty. 
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5 Figures 
 
 

Figure 1. Percentage of patients experienced no pain or a little pain specific to indoor and 
outdoor housework in robotic versus manual cases. 

  
 
 
 
 
 
 
 
 
Figure 2. EQ5D effect size at 6-weeks postoperative for robotic and manual cases. 
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