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Introduction 

    THR is one of the most successful and common 

surgical procedures. THR replaces the damaged 

femoral head and the acetabulum with the prosthesis 

with a total of 98,211 THRs performed in England and 

Wales in 2015 [1]. The number of THR is still rising. 

Australian figures predict a 219% increase in primary 

THR from 2013 to 2046 [2]. These occur due to an 

increase in the incidence of osteoarthritis and other 

degenerative diseases affecting the bone and joints [3]. 

 

    Obesity is a primary modifiable risk factor for the 

development of [4]. The World Health Organization 

defines obesity as a BMI ≥ 30 [5]. Increase in the joint 

reaction force and altered biomechanics create 

abnormal impact loading and altered gait. Increased 

accumulation of body fat and adipokines contributing 

to low-grade systemic inflammation which negatively 

affects cartilage biology [6]. Obesity is significantly 

associated with a greater need for joint arthroplasty 

compared to age-matched controls [7] and surprisingly 

and studies have shown that patients with a high body 

mass index (BMI) may require a hip replacement up to 

ten years earlier than patients with a normal BMI [8]. 

The surgical management of obese patients is 

challenging, from theatres, operating tables and beds, 

surgical exposure and post-operative rehabilitation. 

 

Abstract 

    Total hip replacement is one of the most successful orthopaedic operation of recent time. The outcomes of THR 

may be influenced by several factors including patient demographics, surgical technique and implant features. 

One of the most important surgeon-controlled factors is component positioning. Surgical positioning of the 

acetabular cup and femoral prosthesis remains fundamental to obtaining accurate implant fit and prevent hip 

dislocation or impingement. Different categories of robotic assistance have been established during the previous 

years and all of the technologies target accuracy and reliability to reduce complications, and enhance clinical 

outcomes. 

     In this article we discuss the advantages and difficulties of robotic total hip replacement in obese patient and 

provide the recent scientific evidence from the literatures. 
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    Robotic-assisted THR, first introduced in the 1990s, 

provides accurate and reproducible component 

positioning and balancing of soft tissue [9]. These 

benefits may contribute to longer implant survival and 

a decrease need for revision surgery [10]. The implants 

insertion appears to be one of the fundamental factors 

for implant survival. Poor positioning was correlated 

to a higher rate of intra-prosthetic or periprosthetic 

dislocation [9]. In addition, impingement, pain, leg 

length discrepancy, accelerated implant wear, 

loosening [11] poor functional outcomes, and increased 

surgical revision rates were also correlated to poor 

implant positioning. Long-term outcomes and 

survivorship of THR are dependent on the accurate 

restoration of hip biomechanics, which is achieved 

through optimal component positioning [12]. It is 

evident that suboptimal component positioning leads 

to joint instability, increased wear and poor function 

[13]. There are 3 robots in orthopaedic passive, active 

(autonomous) and semi-active (haptic). The latter two 

are commonly used. 

 

    In passive robotic systems, the surgeon retains 

control of the robot throughout the procedure. While 

in the semi active systems require the surgeon to guide 

the robotic arm for bony preparation via a haptic 

feedback mechanism that ensures minimal deviation 

from the pre-determined surgical plan and it is a 

common robotic system used now [14,15]. The robot 

was programmed using pre-operative computed 

tomography (CT) to carry out bony preparation for 

component implantation once adequate surgical 

exposure was achieved intra-operatively. 

 

    The longer-term outcomes in obese patients 

following primary robotic THR is unclear, with some 

studies reporting similar outcomes to patients with a 

normal BMI [16-18], and some reporting inferior 

outcome [19]. Perets et al. looked at patient 

satisfaction at a minimum of two-year follow-up [20]. 

For the robotic Total Hip cases considered in this 

study, mean patient satisfaction was a high 9.3 out of 

10 [20]. 

 

Advantage of Robotic Surgery  

    Callanan et al. reported on acetabular cup 

positioning performed by several experienced surgeons  

 

 

during a 5-year period, using the conventional THR 

technique, they reported 47% of cups were in their 

modified safe zone. Their results were superior using 

the conventional (62%) and robotic techniques (92%) 

in placing the cup in their modified safe zone in obese 

patients [21]. 

 

    Callanan et al. suggested a modified safe zone with 

inclination of 30 to 45 degrees and anteversion of 5 to 

25 degrees [21]. They suggested a lower upper limit of 

inclination 45 degrees instead of 50 degrees suggested 

by Lewinnek et al. based on the study by Leslie et al. 

[22] that showed increased wear and edge loading in 

THRs with a hard-on-hard bearing surface with an 

abduction angle greater than 45 degrees. 

 

    Suarez-Ahedo et al. studied bone preservation 

during acetabular reaming in primary THR and 

performed a matched pair control study which 

demonstrated that when compared to conventional 

THR (n=57), robotic-arm assisted THR (n=57) allowed 

for more precise reaming [23]. This led to the use of 

smaller acetabular cups in relation to the patient’s 

femoral head size. Using acetabular bone resection, 

these results suggested greater preservation of bone 

stock using robotic-arm assisted THR compared to 

conventional THR [23]. 

 

The Importance of the Learning Curve 

    According to surgical team learning curve, 

Redmond et al. researched the learning curve during 

the adoption of robotic-arm assisted THR as measured 

by component position, operative time and 

complications [24]. The robot provides a single-ream 

option, eliminating the need for the surgeon to 

perform multiple reams to achieve final ream size, for 

this, performing reaming and cup insertion may 

enhance the ergonomic health and reduce the 

workload demand on the surgeon [25]. 

 

    Surgeons who performed robotic THRs 

demonstrated reduced caloric expenditure during 

acetabular reaming and acetabular implantation [26]. 

With the robotic system assisting through use of a 

stereotactic boundary, the surgeons also reported less 

physical and mental demand during acetabular 

reaming and acetabular implantation, with statistically 
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significantly less mental demand during acetabular 

reaming in robotic THR group [27]. 

 

    The authors reported a decreased risk of acetabular 

component malpositioning with robot experience [24]. 

A learning curve of 35 cases was observed, as a 

decreased incidence of acetabular component outliers 

and decreased operative times were noted with 

increased surgical experience with the robot [24]. 

 

Length of Stay 

    When exploring a patient’s road to recovery, their 

length of stay in hospital after surgery is a key factor to 

consider. Heng et al. retrospectively compared the 

length of stay of 45 patients who underwent robotic 

THRs against those who received conventional THR 

[28]. They reported similar results in both groups, 

however once the patients who required inpatient 

rehabilitation were excluded, the robotic group had a 

shorter hospital stay (4.22 days vs. 5.93) [28]. This 

finding was further validated by another study 

conducted by Banchetti et al., who retrospectively 

analyzed 107 patients at 24-months follow-up (robotic 

THR, n= 56; conventional THR, n=51) [29]. 

 

    Overall, early data from these studies suggests that 

obese patients who undergo robotic THR may be able, 

on average, to go back home sooner after surgery than 

those who undergo conventional THR. This may give a 

great advantage for the patients well-being and offer 

financial benefits to healthcare institutions, since a 

reduction in length of hospitalization has the potential 

to reduce economic burden to hospitals [29]. In 

addition, these findings have the potential to offer 

financial benefits to healthcare institutions since a 

reduction in the length of stay post–robotic THR 

surgery potentially reduces the economic burden to 

hospitals. This is a key area being investigated by 

various surgeons worldwide. 

 

Cost Effectiveness 

    In assessing the potential effects of robotic THR on 

costs to private payers and Medicare, Maldonado and 

colleagues created a Markov model to compare the 

costs of robotic THR and conventional THR [25]. The 

model considered the cost of postoperative events such 

as   infection,  dislocation   and   revisions  [25].   Using  

 

clinical data from 555 patients and comparing it with 

literature, the model simulated the outcomes and 

cumulative costs over five years [25]. Cost estimates 

were taken from the Medicare Standard Analytical 

Files and a modifier was used to estimate private payer 

costs [25]. The model showed that robotic THR was 

cost effective compared to conventional THR for 

Medicare ($14,228 vs. $15,313) and private pay 

($23,816 vs. $25,633) [25]. 

 

    Further benefits include intra-operative calculations 

of hip length, offset and combined version, and the 

ability to make the relevant component adjustments 

accordingly. All of these are difficult to achieve in 

conventional THR in obese patients [30]. The robotic 

system increased the cost compared to conventional 

THR [31]. Positioning of the acetabular cup in obese 

patients may be more challenging [32], In addition, 

malposition of the acetabular component is a prime 

cause of [33] hip instability, which is the most 

common cause for revision in the United States [34]. 

 

Operative Time 

    Kong et al. published a retrospective comparative 

cohort study of a professional manual surgeon’s first 

100 robotic-assisted THRs compared to the surgeon’s 

last 100 manual cases [35]. The average operating time 

of robotic assisted THR was 95.92 ± 15.64 minutes, 

ranging from 68 to 145 minutes [35]. The learning 

curve was assessed using a cumulative summation test 

for learning curve analysis which demonstrated that 

after the 14th case, a downtrend in the surgeon’s 

operative time began [35]. There was no statistical 

difference between the first 14 cases versus cases 15 to 

100 when considering cup positioning, postoperative 

LLD, offset and Harris hip score (HHS) [35]. Results 

indicate that there was a 14-case learning curve when 

considering operative time; however, the authors 

noticed that this learning curve did not impact patient 

outcomes [35]. 

 

    Heng et al. carried out a retrospective comparison of 

a single surgeon’s last 45 conventional THRs 

performed prior to changing to the robotic-arm 

assisted system, and compared them with the first 45 

robotic-arm assisted THRs [36]. When comparing 

surgical times between the two groups, they found that 
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the average surgical time was 96.7 minutes for the 

robotic-arm assisted group and 84.9 minutes for 

conventional group [36]. Upon further analysis, the 

authors determined that each robotic arm assisted 

operation was approximately one minute shorter than 

the previous robotic operation and the average time 

for the last 10 cases was reduced to 82.9 minutes, 

which was quicker than the average time of the 

conventional group.  It was concluded that surgical 

time is comparable with conventional techniques after 

the initial learning curve of approximately 35 cases 

[36]. 

 

    The surgical time in operating an obese patient is 

longer due to preoperative preparation and longer 

time for surgical exposure. In addition, the robot needs 

time for setup and draping, so all these factors add up. 

Furthermore, the difficulty in reaming the acetabulum 

in obese patients and placing the final cup can also be 

challenging for the surgeons. 

 

Conclusion 

    This study has some limitations, mainly due to the 

low level of evidence of the papers available on this 

topic which did not provide clear guidelines, however, 

this could represent a helpful starting point from 

which to address further research on this relevant 

topic. 

 

    The robotic THR in obese patients is challenging  

and can be associated with complications including a 

cost of the robot, the presence of an engineer during 

the surgery, blood loss, long operation time and 

difficulty in positioning the acetabular cup. In the other 

hand, the precise acetabular cup position and with   

soft tissue balance, are major advantages in the use    

of robot in THR. We need further studies and 

researches with long term follow up to understand 

topic correctly. 
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