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Abstract 

Aims:  
Approximately 20% of patients are dissatisfied with their total knee arthroplasty (TKA).  Purpose 

of this study was to determine if patient satisfaction could be improved following TKA using computer 
technology to obtain the target alignment and precisely balanced gaps. 
 
Patients & Methods:  

75 consecutive patients undergoing primary robotic-arm assisted TKA (RA-TKA) with real-time 
intraoperative alignment and gap balancing information were compared with a prospective cohort of 
75 consecutive patients undergoing primary TKA with manual jig-based instruments during the same 
time period.  There were no differences between groups with age, gender, BMI, and ASA scores.   
TKA’s were performed by a single surgeon using same implant design, anesthesia and surgical 
protocols.  Patient satisfaction survey using Knee Society (KSS) and Likert scoring system was 
obtained at 1-year follow-up.   
 
Results:  

Likert scoring system demonstrated 95% of patients in the computer technology group were either 
very satisfied or satisfied versus 75% in the manual instruments TKA group (p=0.005) at 1-year 
follow-up. Second question of the KSS which deals with pain at rest was significantly better in RA-
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TKA group (p=0.04).  Fifth question which deals with recreational activities was also significantly 
improved in the RA-TKA group, p=0.02.  RA-TKA group had a better average overall satisfaction 
score of 7.1 versus 6.4 in the manual instrument group, p=0.03.  
 
Conclusion:  

Using intraoperative computer technology to achieve the target alignment with flexion/extension 
gap balancing to within 1mm, a significant improvement in patient satisfaction was demonstrated 
compared to TKA using conventional manual jig-based instruments.   

 
 
Introduction 
 

In 2012, the number of total knee arthroplasties (TKA) performed in the US 
was over 700,000 and projected to increase to 3.5 million by 2030 [1].  Today’s health 
care system continues to place emphasis on patient reported outcomes and satisfaction 
following TKA.  Previous reports show that only 75% of patients are either satisfied 
or very satisfied with their TKA at 1-year follow-up [2].  Even with contemporary 
design TKA implants, approximately one in five (19%) primary TKA patients were 
not satisfied with their outcome [3].  There are several reasons for patient 
dissatisfaction following TKAs, including component malalignment and instability 
[4]. Malalignment of greater than 3° has been identified in 32% of conventional TKA’s 
and can lead to symptoms of pain and instability [5].  Instability due to flexion and 
extension gap mismatch is also one of the leading etiologies of failure of a primary 
TKA leading to revision surgery [6,7].  

The purpose of this study was to determine if primary TKA performed using 
computer technology to visualize and balance the flexion and extension gaps within 
1mm along with robotic assisted surgery to obtain exact bone cuts would lead to 
improved patient satisfaction compared to manual jig-based instruments. 
 
Materials and Methods 
 

Consecutive patients undergoing robotic-arm assisted TKA (RA-TKA) with 
intraoperative computer technology (Mako™, Stryker, Mahwah, NJ) or traditional jig-
based TKA using manual instruments were prospectively studied.  Inclusion criteria 
included patients undergoing primary TKA for osteoarthritis and minimum of 1-year 
follow-up.  2 patients were excluded due to a periprosthetic joint infection leaving 150 
patients available for review.  There were 75 patients that underwent primary RA-
TKA and 75 patients that underwent primary conventional TKA. There were no 
differences between cohorts with respect to age, gender, and BMI.   
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Arthroplasties were performed by a single surgeon using the same implant 
design (Triathlon™ PS TKA, Stryker, Mahwah, New Jersey).  All cases were 
performed during the same time period using the same surgical technique, anesthesia 
team and post-operative protocols. In the RA-TKA cohort, preoperative CT scans were 
utilized to prepare a virtual 3D pre-operative plan with respect to the desired 
component position, limb alignment and gap measurements.  The goal was to obtain 
equal gap measurements within 1 mm between the flexion and extension gaps and the 
medial and lateral gaps.  The goal of the limb alignment was a target within 3 degrees 
of the mechanical axis.   In the conventional TKA cohort, a measured resection 
technique was performed using intramedullary alignment for the distal femoral cut and 
an external alignment guide for the proximal tibial cut.   

Patients were given the patient satisfaction derived portion of the 2011 Knee 
Society Scoring System (KSS) to complete independently at 1-year follow-up 
appointments [8].  KSS function and knee scores were also recorded preoperatively 
and at 6-week and 1-year follow-up visits. Clinical results and complications were also 
assessed and compared between the groups; length of stay, operative time and pre and 
postoperative active range of motion were analyzed.  
 
Results 
 

At 1-year follow-up, overall patient reported satisfaction reported with a Likert 
scoring system demonstrated a statistically significant difference with 95% of patients 
in the computer technology TKA group being either very satisfied or satisfied versus 
75% in the TKA group (p=0.005). The second question of the KSS which assesses 
satisfaction with level of pain while in bed at rest showed a significant difference with 
the computer technology TKA group having 91% of patients very satisfied or satisfied 
versus 75% in the TKA group (p=0.04). The RA-TKA group had a statistically 
significant better average total score on the KSS Satisfaction survey of 34.2 versus 
31.4 (p=0.046) (Table 1).  

Both groups had improved KSS scores following surgery.  The RA-TKA 
cohort showed improved postoperative function scores vs the conventional TKA 
group and there was a statistically significant difference in 1-year function scores with 
an average score of 78 vs 70 in the RA-TKA and conventional TKA cohorts, 
respectively (p=0.02).  A summary of the Knee Society Scores, LOS and operative 
time is seen in Table 2.  
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Discussion 
 

Use of advanced technology in TKA to help achieve the desired surgical goals 
of the target alignment and balanced gaps has demonstrated improved outcomes and 
can benefit the surgeon intraoperatively to achieve the desired goals with greater 
accuracy than manual instruments. The use of manual jig based instruments does not 
provide real time information on femoral component alignment in the coronal, axial, 
and sagittal planes nor does it provide tibial component position with the same degree 
of accuracy compared to the use of intraoperative computer technology. Both 
measured resection techniques and gap balancing techniques for performing primary 
TKA do not provide the exact numerical information on component alignment nor the 
exact gap measurement.  With the ability to achieve gap balancing within 1mm 
between the medial and lateral gaps and also the flexion and extension gaps, we were 
able to demonstrate improved patient satisfaction up to 95% compared to 75% in the 
manual jig based group (Figure 1).  Gap balancing has been demonstrated to be of 
paramount importance for successful TKA.  However, despite the surgeons’ best 
efforts, the use of manual jig based instruments does not intraoperatively provide the 
information required for precision balancing compared to the use of computer 
technology.   

The use of computer technology with robotic assisted surgery is becoming 
more widespread in all surgical fields.  With the use of intraoperative computer 
technology we were able to demonstrate 95% either satisfied or very satisfied in 
patients undergoing TKA compared to 75% with conventional TKA using manual jig 
based instruments which is a positive change compared to aforementioned studies in 
the literature with the use of manual instruments [2,3].  Computer technology for TKA 
provides real time intraoperative numerical information on implant alignment and gap 
measurements, not available with manual jig based techniques, to allow for accurate 
bone cuts, implant placement, and gap balancing.  The use of this innovative 
technology leads to accurate placement of total knee implants to achieve the target 
alignment and the ability to accurately balance flexion and extension gaps within 1mm 
leading to improved patient satisfaction.    
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Figure 1:  Bar graph demonstrating the distribution of patient satisfaction 1-year postoperatively 
between the RA-TKA group and the manual instruments TKA group. 

 
 
Table 1: Comparison of average numerical responses to each question five 
questions of KSS patient satisfaction section, the total section score, and 
the overall Likert question between the RA-TKA group and the manual 
instruments TKA group. 

 
 
 
  

RA-TKA Manual TKA Δ p-value
Question 1 7.1 6.8 0.35 0.22
Question 2 6.9 6.3 0.59 0.07
Question 3 6.9 6.5 0.43 0.15
Question 4 6.7 6.1 0.59 0.053
Question 5 6.5 5.7 0.85 0.02
Total Score 34.2 31.4 2.80 0.046
Overall Satisfaction Question 7.1 6.4 0.69 0.03
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Table 2: Preoperative and 6-week and 1-year postoperative Knee Society 
Scores and length of stay (LOS) and operative time compared between the 
RA-TKA group and the manual TKA group.  

 
 
 

RA-TKA Manual TKA p-value
Operative time (hours, minutes) 1:41 1:27 <0.01
LOS (days) 2 3 0.05
Preop KSS function score 41 41 0.99
6 week KSS function score 62 58 0.12
1 year KSS function score 78 70 0.02
Preop KSS knee score 40 38 0.33
6 week KSS knee score 81 77 0.12
1 year KSS knee score 83 83 0.88
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