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Objective Total knee arthroplasty (TKA) is most commonly performed procedure in 
patients who are not showing improvement in pain, activities of daily living, and qual-
ity of life by conservative modalities. Precise component implantation and soft tissue 
management is required to achieve desired outcome following TKA. 1.3% patients 
remain disappointed due to persistent pain, 24% due to instability, and 2.5% due to 
malalignment following TKA. Robotic TKA is associated with the use of customized 
implants and bone cuts leading to precise component implantation and reduced devi-
ation from mechanical axis in coronal, transverse, and sagittal plane and proper soft 
tissue management. This study compares conventional against robotic TKA in terms of 
clinical, functional, and radiological outcome.
Materials and Methods  This is a prospective randomized control trial carried over 
period of 3 years where patients were selected on the basis of inclusion and exclusion 
criteria and were randomly divided into both groups and compared using their pre- 
and postoperative radiological and functional outcomes as well as intraoperative and 
postoperative complications and statistical significance of difference was calculated.
Results There was no significant difference in terms of ROM, KOOS (Knee Injury and 
Osteoarthritis Outcome Score), (Knee Society Score) KSS, Eq. 5D, (Western Ontario 
and McMaster Universities Osteoarthritis Index) WOMAC, and (visual analog scale) 
VAS scores while we found significant difference in mechanical axis deviation, femoral 
and tibial implant alignment in both planes.
Discussion Advantages of using robotic TKA are customized preoperative planning, 
implants, cuts, accuracy of the intraoperative procedure, and radiological superiority 
with no significant differences in clinical and functional outcomes. In fact, robotic TKA 
is associated with steep learning curve, increased cost, and operative time. Still there 
are no added complications caused by it.
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Introduction
Total knee arthroplasty (TKA) is most commonly performed 
procedure in patients who are not showing improve-
ment in pain, functional limitations, activities of daily liv-
ing, and quality of life by conservative modalities.8 Precise 
component implantation and soft tissue management are 
required to achieve desired outcome following TKA.1-7 1.3% 
patients remain disappointed due to persistent pain, 24% 
due to instability, and 2.5% due to malalignment following 
TKA.7-10 Conventional TKA makes use of mechanical jigs for 
precise bone cutting whereas robotic TKA is associated with 
the use of customized implants and bone cuts leading to pre-
cise component implantation and reduced deviation from 
mechanical axis in coronal, transverse, and sagittal plane and 
proper soft tissue management leading to theoretically supe-
rior radiological appearance and less complications1-9,11 but 
at the cost of more surgical time, more expense, and chances 
of untoward complications.1-9,11 This study aims at compar-
ing conventional against robotic TKA in terms of clinical and 
functional outcome, implant alignment and inclination and 
postoperative complications.

Materials and Methods
This prospective randomized control study was performed 
at Civil Hospital, Ahmedabad between January 2017 and 
December 2019 over a time span of 3 years. Ninety-two 
patients of osteoarthritis were enrolled in this study out 
of which 46 patients underwent robotic TKA while rest 
46 patients underwent conventional TKA. Inclusion crite-
ria for this study included the following: men and women 
between 35 and 85 years of age with symptomatic osteoar-
thritis of knee. Exclusion criteria for this study included the 
following: a body mass index (BMI) of >40 kg/m2, recent his-
tory of knee injury; past history of infection of knee joint; 
past history of tibial or femoral shaft fracture; past history of 
tibial or femoral osteotomy; conversion of unicompartmental 
knee arthroplasty to TKA; neurological deficit involving the 
lower extremity; preoperative valgus malalignment of the 
knee; patients with American Society of Anaesthesiologists 
(ASA) category of >3; pre-existing hip pathology or previous 
hip replacement in same limb.1-9,11 Demographic information 
like age, gender, etc. was collected. Patients were queried for 
any addictions and pre-existing comorbidities. All necessary 
examinations and investigations were performed. All patients 
underwent preoperative radiography (anteroposterior, lat-
eral, long-leg views). A three-dimensional (3D) CT scan of the 
affected lower limb was done for patients undergoing robotic 
TKA. The 3D CT images were fed in ORTHODOC software which 
creates a 3D image of bone and determines the mechanical 
axis of patient. Best component type and size for the femur 
and tibia for each patient are determined; their implantation, 
alignment, and rotation were determined and this data was 
saved in a compact disk which is run in ROBODOC Surgical 
System (CUREXO’s Artificial Joint Surgical Robot) prior to 
surgery. All the patients were informed regarding the proce-
dure and their informed consents were taken. Patients were 

then prepared for surgery and anesthesia after their prean-
esthetic checkups. Medial parapatellar approach was used in 
both groups. Bone cuts were taken with the aid of mechan-
ical zig in case of conventional TKA while robot aided bone 
cuts were taken in case of robotic TKA. Component implan-
tation was done manually in both groups. Suction drain is 
kept and closure is done in a standard fashion. Operative 
time, intraoperative blood loss, and any intraoperative com-
plications were noted .Postoperatively, both groups received 
the same medications. Active and passive knee mobilization 
exercises were started on postoperative day 1 along with 
partial weight bearing using a crutch or walker. Follow-up 
was done at 3, 6, and 12 months postoperatively. During each 
visit, clinical and functional evaluations were done along 
with radiograph. Clinical and functional evaluation was 
done using KOOS Score,12 KSS (Knee Society Score),13 EQ-5D 
(EuroQol-5 Dimensions),14 WOMAC (Western Ontario 
and McMaster Universities Osteoarthritis Index),15 VAS  

Fig. 1 Coronal femoral implant inclination measurement.
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(visual analog scale), and range of motion (ROM).9 Radiological 
evaluation was done using mechanical axis deviation, femo-
ral and tibial implant inclination in coronal (►Figs. 1 and 2) 
and sagittal plane (►Figs. 3 and 4) to check for malalignment 
and rotation of both components.1-6 Results of both groups 
were compared using paired t-test and statistical signifi-
cance of difference was measured. Significance was defined 
as p-value of <0.001. We used Microsoft Excel 2007 version 
software for all statistical analyses.

Results
Ninety-two patients of osteoarthritis were enrolled in this 
study out of which 46 patients underwent robotic TKA while 
rest 46 patients underwent conventional TKA. The mean age 
of the patients in the robotic TKA group was 51.5 ± 8.9 years 
while in the conventional group was 48.6 ± 7 years. There 
were 39 females in the robotic TKA group and 24 females in 

the conventional group. There was no significant difference 
between the two groups in terms of baseline characteristics 
(►Table 1). There was significant difference in operative time 
(p< 0.001). As tourniquet was used for both groups there was 
no statistical difference in intraoperative blood loss in both 
the groups.

There was no significant difference in terms of KOOS 
score, KSS, Eq. 5D, WOMAC, and VAS scores in both groups 
(►Table 2).

There was no significant difference in terms of ROM in 
both groups (►Table 3) while we found significant difference 
in terms of mechanical axis deviation, femoral and tibial 
implant alignment in sagittal and coronal planes (►Table 4). 
Overstuffing of femur was seen in one case in conventional 
group and in no case in robotic group. Notching was not seen 
in any group. No patella replacement was done in any of the 
cases .There were no outliers (error >±3 degrees) in both 
the groups .Instability and fixed flexion deformity were not 
encountered in any of the cases of both groups.

Complications such as superficial or deep joint infections, 
deep vein thrombosis, prosthetic knee dislocation, peripros-
thetic fracture, or aseptic loosening were not encountered in 
this study.

Fig. 2 Coronal tibial implant inclination measurement.

Fig. 3 Sagittal femoral implant inclination measurement.
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Discussion
There was no significant difference in terms of baseline 
characteristics in both the groups. Also, there was no signif-
icant difference in terms of change in KOOS score, KSS, Eq. 
(5D), WOMAC, and VAS scores in both groups while there 
was significant difference in terms of mechanical axis devi-
ation, femoral and tibial implant alignment in sagittal and 
coronal planes. Accurate implant alignment is essential for 
satisfactory clinical and functional outcome in patients as 
well as longevity of implant and its revision rate.6,7 In con-
ventional TKA femoral and tibial cuts are taken irrespective 
of patients anatomy whereas in case of robotic TKA it is cus-
tomized based of patient’s preoperative 3D CT scan leading 
to precise component implantation and reduced deviation 
from mechanical axis in coronal, transverse, and sagittal 
plane and reduces number of outliers leading to theoreti-
cally superior radiological appearance.1-9,11 Femoral compo-
nent is rotated and aligned with respect to transepicondylar 
axis in case of robotic TKA while in conventional TKA we use 
posterior condylar axis for the same which is less accurate 
which may lead to the difference in implantation and preci-
sion in both groups.6,11 Milling tool which ranges from 0.15 to 
0.29 mm11,16 is used in robotic TKA while in conventional TKA 
it is done using an oscillating saw which ranges from 0.16 to 
0.42 mm. In robotic TKA, the bone’s temperature is main-
tained within the range of 45 to 48°C, by doing constant 
irrigation and controlled speed. Temperatures usually go 
beyond this range while using an oscillating saw in conven-
tional TKA, resulting in potential bony injury and compro-
mised implant fixation.11,17,18 Thus all these factors lead to 
the reduction in mechanical axis deviation in robotic TKA 
as compared with conventional TKA. Despite of difference 
in terms of radiological parameters there is no difference in 
clinical outcome in both groups which proves that despite 
radiological superiority and implant ion accuracy patient’s 
clinical and functional results are same in both groups at 
1 year follow-up.

There were no outliers (±3 degrees) in this study. Gromov 
et al suggested that outliers are associated with patient 
dissatisfaction, poor biomechanics, ROM, reduced implant 
longevity, and increased revision rates19; however, study con-
ducted by Petursson et al suggested that even outliers are 
associated with similar results.9

Fig. 4 Sagittal tibial implant inclination measurement.

Table  1  Demographic and intraoperative data

Conventional 
TKA (n = 46)

Robotic TKA
(n = 46)

Age 48.6 ± 7 51.5 ± 8.9

Gender (female) 39 (84.7%) 24 (52.1%)

Side (right) 28 (60.8%) 28 (60.8%)

Mean operative 
time

63.3 ± 5.2 114.6 ± 10.7

Abbreviation: TKA, total knee arthroplasty.

Table  2  Clinical outcome in conventional versus robotic TKA group

Conventional TKA (n = 46) Robotic TKA (n = 46)

Pre-op Post-op Pre-op Post-op p-Value

KOOS 46.5 ± 3.7 87.3 ± 4.2 47.1 ± 3.8 87.3 ± 3.6 0.91

KSS 47 ± 4.5 87.2 ± 3.8 45.3 ± 5.9 86.8 ± 3.6 0.55

Eq. 5D 46.8 ± 3.5 87.5 ± 3.6 46.3 ± 5.9 86.7 ± 3.6 0.31

WOMAC 79 ± 5.2 25 ± 3.4 79.2 ± 5.5 24.7 ± 3.1 0.65

VAS 7.5 ± 2.7 2.2 ± 0.8 7.1 ± 3.1 2.2 ± 1.6 0.81

Abbreviations: KOOS, Knee Injury and Osteoarthritis Outcome Score; KSS, Knee Society Score; WOMAC, Western Ontario and McMaster Universities 
Osteoarthritis Index; VAS, visual analog scale.
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Robotic TKA is associated with longer operative time 
(mean operative time 114.3 minutes) compared with conven-
tional TKA which may be attributed to longer learning curve 
and planning time. Despite of longer operative time robotic 
TKA was not associated with any complications related to 
longer operative time such as infection, increased blood loss, 
and other such complications. A total of 127 minutes is con-
sidered as a critical time after which there is increased risk 
of infection as suggested by Peersman et al.6,8,20Complications 
such as superficial or deep joint infections, deep vein throm-
bosis, prosthetic knee dislocation, periprosthetic fracture or 
aseptic loosening were not encountered in this study.

Drawback of using robotic TKA is that it is associated 
with increased operative time, increased cost, steep learning 
curve, need for preoperative CT scan, and chances of untow-
ard complications.11

There are severe limitations of this study that need atten-
tion prior to interpreting the findings. Sample size was too 
small. Follow-up period is 1 year in this study. Long-term 
follow-up (>5 years) of clinical and functional outcome 
as well as of complications is required to be done to check 
for long-term efficacy. Patients and observers could not be 
blinded as patients in the robotic group had an additional 
incision over the proximal tibia for the insertion of the reg-
istration pins. Preoperative grading of the arthritis was not 
done in this study. Postoperative radiological parameter cal-
culation was done using radiographs. Accurate calculation 
could have been possible by using CT-scan images.

Conclusion
Robotic TKA is associated with precise component implan-
tation, alignment, and reduced aberration from mechanical 
axis leading to radiological superiority over its conventional 
counterpart. However, despite of such radiological superi-
ority there is no significant differences in clinical and func-
tional outcomes when compared with conventional TKA. 

In fact, robotic TKA is associated with increased cost, steep 
learning curve, and increased operative time. Though robotic 
TKA is associated with increased operative time there is no 
added complications caused by it. Hence there is no disad-
vantage of using a robot for performing TKA. Also there is no 
overall added advantage of using a robot and adding to the 
expense of the patient.

Note
Informed consent has been taken from all individual par-
ticipants included in the study. The local Ethics Committee 
of University has confirmed that no ethical approval is 
required.
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