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1. INTRODUCTION

The utility of robotics in total knee arthroplasty (TKA) remains controversial. This
systematic literature review with a meta-analysis was performed to determine if robotics/
computer assisted (RAS/CAS) TKA improved patient reported outcome measures
(PROMs) compared to conventional TKA.

2. MATERIALS AND METHODS

A systematic literature search was performed for all studies comparing outcomes between
Conventional and RAS/CAS TKA. Included studies directly compared RAS/CAS TKA and
conventional TKA post-operative PROMs. Outcome measures included 2011 KSS, KSS,
HSS, WOMAC, and OKS. Articles that did not directly compare RAS/CAS and
conventional TKA and articles with Minors criteria <12 were excluded.

3. RESULTS

Final analysis was performed on 22 studies which included 4009 TKAs with average
follow-up of 52.9 months. 17 studies were evaluated for KSS scores, and moderate
statistical heterogeneity was detected (T 2 = 0.018; x 2 = 28.29, df=16, p=0.03, I 2 =43).
RAS/CAS TKA was favored over conventional TKA with a higher KSS score (SMD = 0.10;
95% CI: 0.0-0.21). 6 studies were evaluated for HSS scores and no statistical
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heterogeneity was detected (T 2 = 0; X 2 = 4.90, df=5, p=0.43, I 2 =0%), however RAS/CAS
TKA was favored over conventional TKA with a higher HSS knee score (SMD = 0.31; 95%

CI: 0.17-0.45).
4. CONCLUSIONS

This review shows that RAS/CAS TKA demonstrates promise in improving PROMs
post-operatively compared to conventional TKA. However, it remains unclear how much
these improvements translate to clinical impact. Continued analysis is warranted to
further elucidate the impact of RAS/CAS on TKA.

1. INTRODUCTION

Total Knee arthroplasty (TKA) has been shown to be an ef-
fective procedure for improving function and pain in pa-
tients with osteoarthritis of the knee (Gibon, Goodman,
and Goodman 2017; Hoffart, Langenstein, and Vasak 2012;
Nakano et al. 2013; Blakeney, Khan, and Palmer 2014;
Longo et al. 2018; Xie et al. 2012; Ensini et al. 2007). How-
ever, the current literature reports a patient satisfaction
rate that does not exceed 80-85 (Gibon, Goodman, and
Goodman 2017; Gunaratne et al. 2017; Van Onsem et al.
2016). Arthroplasty surgeons must strive to make further
advancements in this procedure as there remains clear op-
portunity for improvement.

Use of computer navigation and robotics to optimize
component alignment and soft tissue balance of the knee
is a potential solution to improve patient reported out-
comes (PROMs) and satisfaction (Song et al. 2013; Sel-
vanayagam et al. 2019; Zhang et al. 2011; Kamat et al.
2009). Prior authors have theorized that perfecting these
parameters will improve patient PROMs along with their
satisfaction of the procedure (Choi and Ra 2016). Multiple
systems have been developed to replace the conventional
cutting jigs with navigation or robotic arms and guides with
the goal of aiding in intraoperative decision making and cut
precision. Early results of computer/robotic assisted total
knee arthroplasty (CAS/RAS TKA) have been mixed, with
excellent reproducible alignment, at times increased oper-
ative time, but overall little difference in patient reported
outcomes (Barrett et al. 2011; Blakeney, Khan, and Palmer
2014; Cheng et al. 2012; Ek et al. 2008; Gothesen et al.
2014; Khlopas et al. 2018; Marchand et al. 2019; Lutzner,
Dexel, and Kirschner 2013). The field of CAS/RAS TKA has
continued to develop however, with new technologies and
techniques being investigated.

Authors have continued to produce conflicting results
comparing the results of CAS/RAS TKA when compared
with conventional total knee arthroplasty (Conv. TKA).
Some studies show distinct advantages of CAS/RAS surgery
with improved PROMs and radiographic alignment (Blak-
eney, Khan, and Palmer 2014; Rebal et al. 2014; Pang et al.
2011; Lehnen et al. 2011; Petursson et al. 2018; Gothesen
et al. 2014; Hoffart, Langenstein, and Vasak 2012). How-
ever, others show no significant change in PROMs or that
any difference does not have a clinical correlation (Cho et
al. 2019; Kim, Yoon, and Park 2020; Song et al. 2013; Park
and Lee 2007; Song et al. 2011; Liow et al. 2014; Zhu et
al. 2018; Yang et al. 2017; Roberts et al. 2015; Barrett et
al. 2011; Lutzner, Gunther, and Kirschner 2010; Ek et al.

2008; Roberts et al. 2015). Systematic reviews are an effec-
tive means of identifying, evaluating and summarizing the
findings of all relevant studies published on a given proce-
dure. Systematic reviews and meta-analysis have been per-
formed comparing Conv. to either CAS TKA or to robotic
TKA for component positioning and clinical outcomes with
varying conclusions (Cheng et al. 2012; Rebal et al. 2014;
Agarwal et al. 2020; Ren et al. 2019).

As there remains controversy in this area, a systematic
review and meta-analysis of the literature was undertaken
to compare the clinical results between Conv. TKA and
CAS/RAS TKA. This study sought to compare post-opera-
tive PROMs for patients undergoing CAS/RAS versus Conv.
TKA. Secondary factors investigated included the number
of months postoperatively the patients were followed as
well as which CAS/RAS TKA systems were used.

2. MATERIALS AND METHODS

A systematic literature search was performed by following
the PRISMA guidelines and using Pubmed to search the
MEDLINE library to evaluate all studies comparing out-
comes between Conv. TKA and RAS/CAS TKA. Multiple
search strings were used, including “Robotic Knee Arthro-
plasty” (365 papers), “Computer Assisted Total Knee Re-
placement” (797 papers), “Conventional AND Robotic Total
Knee Arthroplasty” (90 papers), “Conventional AND Ro-
botic Total Knee Replacement” (75 papers). Once duplicates
were accounted for, the above search generated 530 unique
articles. Three authors, independently blinded to each
other’s results, examined the abstracts of the above studies.
30 studies were found to be relevant to our criteria.

All non-randomized studies were further evaluated us-
ing the methodological index for non-randomized studies
(MINORS) criteria (Table 1). All studies evaluated were
comparative studies, thus a maximum score of 24 was pos-
sible. Any paper with a score of less than 12 was excluded
from the study. Inclusion criteria were a study which com-
pared RAS/CAS TKA and Conv TKA and studies that used
post-operative PROMs as one of their outcome. Outcome
measures included 2011 Knee Society Score (KSS), KSS,
Hospital for Special Surgery (HSS) Knee Score, Western On-
tario and McMaster Universities Arthritis Index (WOMAC),
and Oxford Knee Score (OKS). Exclusion criteria were ar-
ticles that did not directly compare RAS/CAS versus Conv
TKA, articles not written in English, articles with Minors
criteria <12, and articles that were a systematic review.

Of the 30 studies evaluated, many only reported the KSS
or HSS score individually. Two papers also used the new
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Table 1: Included studies

Number
Number Number of of RAS/ Follow-

Principal of Conventional CAS Up RAS/CAS Level of
Author Patients TKAs TKAs (Months) System Used Evidence

ROBODOC &
ORTHODOC
(THINK

KimYH 2019 1406 766 750 156 Surgical)

ROBODOC &
ORTHODOC
(THINK
ChoKJ 2018 351 196 155 132 Surgical) 1]

VectorVision
Kim YH 2017 324 162 162 144 (BrainLAB)

VectorVision
Petursson G 2018 190 94 96 24 (BrainLAB)

Ci-System
(DePuy
Barett WP 2011 166 85 81 12 Orthopaedics) Il

VectorVision
Lehnen K 2010 165 122 43 12 (BrainLAB) Il

CiMITKR

(BrainLAB/
DePuy

Pang HN 2011 138 70 68 24 Orthopaedics)

ROBODOC &
ORTHODOC
(THINK
Yang YH 2017 102 42 71 120 Surgical) Il

Ci-System
(DePuy
EKET 2008 100 50 50 24 Orthopaedics) 1l

ROBODOC &
ORTHODOC
(THINK

Song EK 2013 100 50 50 65 Surgical)

VectorVision
ZhuM 2018 94 48 46 24 (BrainLAB)

OrthoPilot
Seon JK 2007 84 42 42 12 (Aesculap)

Stryker Knee
Navigation
Khakha RS 2014 80 40 40 60 (Stryker) Il

VectorVision
Zhang Z 2014 80 40 40 6 (BrainLAB)

OrthoPilot
Yaffe M 2013 78 40 38 60 (Aesculap) Il

mediCAD
Latzner J 2013 67 33 34 60 (HECTEC)

VectorVision
ZhuM 2016 67 37 30 108 (BrainLAB) Il

VectorVision
Zhang GQ 2011 64 32 32 6 (BrainLAB) 1

ROBODOC &
ORTHODOC
(THINK

Park SE 2007 62 30 32 45 Surgical)

ROBODOC &
Liow MH 2014 60 29 31 6 ORTHODOC
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Number Number of Follow-
Principal of Conventional Up RAS/CAS Level of
Author Patients TKAs (Months) System Used Evidence
(THINK
Surgical)
Selvanayagam OrthoPilot
R 2019 50 25 25 48 (Aesculap)
ROBODOC &
ORTHODOC
(THINK
Song EK 2011 30 30 30 16 Surgical) !

Records Identified Through Database
Searching (n = 530)

Additional Records Identified Through
Other Sources (n =0)

|

Records After Duplicates Removed (n = 520)

L 4

Records Screened (n = 520)

Records Excluded Based on Relevant

Abstract Review (n = 492)

Records Excluded if Language Not

Full-Text Articles Identified
After Abstract Review (n = 26)

English (n=2)

Full-Text Articles Excluded if
Systematic Reviews (n = 8)

Studies Included in Final Analysis (n = 18)

Figure 1: Flow diagram of the study inclusion criteria. Search terms entered into database were “Robotic Knee
Arthroplasty” (365 papers), “Conventional AND Robotic Total Knee Arthroplasty” (90 papers), and “Conventional
AND Robotic Total Knee Replacement” (75 papers). Total number of papers identified totaled 530.

KKS scores and were evaluated separately. The functional
and clinical components of the KSS were combined in our
analysis. After further applying our exclusion criteria, 22
papers were ultimately included in our final analysis (Fig-
ure 1).

Collected data included number of patients included in
each study, the number of RAS/CAS and Conv. TKA in each
study, post-operative follow up in months, 2011 KKS, KSS,
HSS, WOMAC, OKS scores post operatively at any times
points that were given in the different studies. We also

collected standard deviations of these values to allow for
analysis. All data was compiled in Microsoft Excel (2011
Version; Microsoft Corporation, Redmond, Washington,
USA).

Between-study variance was summarized by the T2 sta-
tistic, and the percentage of total variance due to between-
study heterogeneity I2 (inconsistency) was reported along
with the estimated summary effect and corresponding 95%
confidence interval. As a rule-of-thumb, large levels of be-
tween-study heterogeneity may be assumed if the com-
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puted I2 is at least 75%. Between-study heterogeneity (rel-
ative to the total variance) of 0% is indicative of no study
heterogeneity or large within-study variance relative to the
differences in effect between studies. In this case, fixed ef-
fects and random effects estimates will be equivalent.

Forest plots were constructed in order to examine the
standardized mean difference (SMD, the difference between
the robotic and conventional group means divided by the
within-group standard deviation) and corresponding 95%
confidence interval (CI), using Hedges’ g as the effect mea-
sure, across all individual studies. The summary (pooled)
estimate based on the random and fixed effects models is
also included.

A result was considered statistically significant at the
p<0.05 level of significance. All statistical analyses were
conducted with the metaphor and meta packages available
in R version 3.6.1 software (http://cran.us.r-project.org/).

3. RESULTS

There were 22 articles that were included in the study (Fig-
ure 1), which generated a final cohort of 2063 conventional
knees and 1946 CAS/RAS knees for a total of 4009 knees.
Cho et al. was used in both the KSS and HSS analysis as ad-
equate data was available for both PROMs. Six studies were
evaluated for HSS knee score and 17 studies for the KSS
score. The mean follow-up for the studies was 52.9 months
(Range 6 — 156). There were 13 level 1 studies, seven level 2
studies, two level 3 studies included (Table 2).

No statistical heterogeneity was detected (T2 = 0; X2
= 4.90, df=5, p=0.43, I>’=0%) among the six studies that
met inclusion criteria for the meta-analysis of HSS knee
score (Figure 2). The diamond in the forest plot represents
the overall statistic across the six studies and indicates
that robotic-assisted total knee arthroplasty favored con-
ventional with a higher HSS knee score (SMD = 0.31; 95%
CI: 0.17-0.45).

Moderate statistical heterogeneity was detected (T2 =
0.018; x% = 28.29, df=16, p=0.03, I2=43%) among the 17
studies that met inclusion criteria for the meta-analysis of
KSS (Figure 3). The diamond in the forest plot represents
the overall statistic across the 17 studies and indicates that
robotic-assisted total knee arthroplasty favored conven-
tional with a higher KSS score (SMD = 0.10; 95% CI:
0.0-0.21). Random effects estimates are reported, as signif-
icant heterogeneity was detected among the studies.

4. DISCUSSION

There is still considerable room for improvement with re-
gards to patient satisfaction and PROMs for TKA. As a re-
sult, CAS/RAS TKA was designed to decrease potential for
human error in component alignment and ligamentous bal-
ance. While in theory this would translate to improved
short- and long-term results, there continues to be conflict-
ing reports on the difference in clinical outcome of CAS/
RAS TKA. Our analysis was conducted to help determine if
there is a clear benefit to CAS/RAS TKA over Conv. TKA.

This analysis demonstrated that the current literature
favors CAS/RAS in terms of patient reported outcomes
when compared to Conv. TKA. HSS and KSS were found
to have superior SMDs in the CAS/RAS TKA groups. The
analysis of the six studies reporting HSS found no hetero-
geneity and demonstrated a definitive trend towards supe-
riority in the CAS/RAS groups. The studies that examined
KSS were found to have moderate heterogeneity with a con-
fidence interval at the line of no effect, as well as a smaller
difference in SMDs than that found in the studies utilizing
HSS. The KSS does trend towards superiority in the CAS/
RAS groups, however not as definitively as with the HSS.
The difference in heterogeneity may explain this result.
These improvements also appear sustained at long term
follow up, with an average of 52.9 months and a maximum
of 156 months.

Though the numbers reported favor the use of naviga-
tion/computer technologies, the SMD found between the
HSS score (0.31) and KSS (0.10) represent moderate and
minimal differences between the two cohorts, respectively.
Additionally, the differences between CAS/RAS and Conv
TKA appear to be around the values of minimal important
difference (MCID) for the different outcome measures
(Lizaur-Utrilla et al. 2020; Singh et al. 2013). However,
these values themselves are controversial, with minimal
data available for what the MCID is for the HSS knee score.
Therefore, it is unclear what the clinical implications are
despite the apparent definitive improvement in the post-
operative PROMs.

There are prior reports in the literature that also found
superiority when comparing CAS/RAS and Conv TKA. How-
ever, many of these studies found more significant differ-
ences than in this meta-analysis. Hoffart et al looked at 195
patients split between CAS/RAS and Conv TKA and found
a significant difference in KSS at 5 years favoring (Hoffart,
Langenstein, and Vasak 2012). Blakeney et al split 107 pa-
tients between 3 groups of computer-assisted surgery for
both the femur and the tibia, intramedullary guides for both
the femur and the tibia, and an intramedullary guide for the
femur and an extramedullary guide for the tibia. They found
a significant difference with higher OKS in CAS/RAS TKAs
at 46 months with worse scores associated with malalign-
ment (Blakeney, Khan, and Palmer 2014). Ek et al retro-
spectively looked at 100 patients divided amongst CAS/RAS
and Conv TKA finding better alignment, SF-12, and IKS
scores in the computer assisted group (Ek et al. 2008). Pang
et al randomized 140 patients into CAS/RAS and Conv TKA
with the navigation group having superior alignment, func-
tion, and OKS at both 6 months and 2 years (Pang et al.
2011). While these studies demonstrate a significant im-
provement in PROMs, not all of the literature agrees.

Previous studies exploring CAS/RAS TKA outcomes
found results that conflict with those presented above. En-
sini et al completed a randomized prospective study be-
tween CAS/RAS and Conv TKA with 120 patients demon-
strating improved component alignment in the navigation
group with no significant clinical difference (Ensini et al.
2007). Song et al randomized 100 patients between CAS/
RAS and Conv TKA and found more consistent alignment
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Table 2: Results of included studies undergoing analysis using methodological index for non-randomized studies (MINORS) criteria. Score of 0 represents “not reported,” 1 represents
“reported bu inadequate,” and 2 represents “reported and adequate”

Criteria ChoKJ Song EK Yang HY Seon JK Zhang Khakha Yaffe Kim YH Park SE Liow ZhuM Barrett Pang EKET Lehnen Lutzner Yaffe M
etal etal etal etal GQetal RSetal (2013) etal etal MH et al etal WPel al HNetal etal Ketal J etal
(2018) (2013) (2017) (2007) (2011) (2014) (2019) (2007) (2014) (2018) (2011) (2011) (2008) (2011) (2013) (2014)

Adequate Statistical 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Analysis

Baseline Equivalence 2 2 2 2 2 2 2 2 2 1 2 2 1 2 2 1 2 2

of groups

Contemporary 2 2 2 1 1 2 1 1 2 2 2 2 2 2 2 2 2 2

Groups

Adequate control 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2

Group

Prospective 2 0 0 2 0 0 2 0 2 0 2 2 0 2 0 2 2 0

calculation of study
size

<5% lost to follow up 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 1 2
Follow-up period 2 2 1 2 2 0 2 1 2 2 1 2 2 2 2 2 2 1
appropriate to study

aims

Unbiased assessment 2 2 2 2 2 2 0 2 0 1 2 2 2 2 2 0 0 2
of study endpoint

Endpoints 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
appropriate to study

aim

Prospective data 0 0 0 0 0 0 1 2 2 2 2 2 2 2 1 2 2 2
collection

Inclusion of 1 1 1 0 0 0 2 1 2 2 2 2 2 2 0 2 2 2
consecutive patients

Clearly stated aim 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Total 20 18 17 18 16 15 20 19 22 20 23 23 21 24 19 21 21 21
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RAS Conyv Weight Weight Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total (fixed) (random) IV, Fixed + Random, 95% Cl IV, Fixed + Random, 95% CI
Cho KJ (2018) 8850 330 155 8670 410 196 450% 45.0% 0.48[0.26; 0.69] T
Song EK (2013) 9570 400 50 9470 670 50 13.3% 13.3% 0.181-0.21; 0.57]
Song EK (2011) 9520 400 30 9470 500 30 B80% 8.0% 0.111[-0.40; 0.62]
Yang HY (2017) 88.70 1010 71 8720 11.00 42 141% 14.1% 0.14[-0.24; 0.52]
Seon JK (2007) 9330 400 42 9280 430 42 112% 11.2% 0.121[-0.31; 0.55]
Zhang GQ (2011) 4760 534 32 4540 669 32 84% 8.4% 0.36 [-0.14; 0.85]
Total (fixed effect, 95% CI) 380 392 100.0% - 0.31[0.17; 0.45] -
Total (random effects, 95% ClI) - 100.0% 0.31[0.17; 0.45] et
Heterogeneity: Tau® = 0; Chi® = 4.90, df = 5 (P = 0.43); P = 0%
05 0 05
Favors Conv  Favors RAS

Figure 2: Forest plot examining the standardized mean difference for HSS

RAS Conv Weight Weight Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total (fixed) (random) IV, Fixed + Random, 95% CI IV, Fixed + Ranplom, 95% ClI
Cho KJ (2018) 87.80 7.30 155 8840 560 196 9.8% 9.9% -0.09[-0.30;0.12] —Er
Kim YH (2019) 93.00 500 750 9200 6.00 766 42.8% 14.3% 0.18[0.08; 0.28] |
Park SE (2007) 9160 294 32 9090 488 30 1.8% 3.5% 0.17[-0.33, 0.67]
Liow MH (2014) 80.80 17.10 31 8260 1470 29 17% 3.4% 0.11[0.62; 0.40]
ZhuM (2018) 89.00 350 46 8800 6.00 48 27% 4.8% 0.20 [-0.20; 0.61]
Barrett WP (2011) 9260 1050 81 9170 930 85 47% 6.9% 0.09[-0.21; 0.39]
Pang HN (2011) 8510 930 68 8240 710 70 39% 6.2% 0.33[-0.01; 0.66]
Ek ET (2008) 84.00 1500 50 77.00 19.00 50 2.8% 5.0% 0.41[0.01; 0.80]
Lehnen K (2010) 8700 1000 43 8000 1700 122 35% 58% 045[0.10; 0.80] b
Lutzner J (2013) 7960 17.70 34 81301570 33 19% 3.7% -0.10[-0.58; 0.38]
Yaffe M (2014) 8340 1800 38 84701670 40 22% 42% 007 [-052;037]
Petursson G (2018) 69.70 17.80 96 6920 18.00 94 54% 7.5% 0.03 [-0.26; 0.31]
BEng MZ (2016) 162.00 2222 30 160.00 1926 37 19% 3.7% 0.10 [-0.39; 0.58]
Khakha RS (2014) 9398 800 40 92351280 40 23% 4.3% 0.15[-0.29; 0.59]
Zhang Z (2014) 8870 443 40 9030 803 40 23% 4.3% 0.24[0.68; 0.20]
Selvanayagam R (2019) 8200 136 25 8100 136 25 13% 2.8% 0.72[0.15; 1.30] A
Kim YH (2017) 93.00 625 162 9400 625 162 92% 9.6% -0.16 [-0.38; 0.06] —&
Total (fixed effect, 95% CI) 1721 1867 100.0% - 0.11[0.05; 0.18] *
Total (random eﬂects 95% Cl) - 100.0% 0.10[0.00; 0.21] [-
Heterogeneity: Tau® = 0.0177; Chi- = 28.29, df = 16 (P = 0.03); I = 43% ! ) T !
-1 05 0 05 A1

Favors Conv  Favors RAS

Figure 3: Forest plot examining the standardized mean difference for KSS

and better balancing in the navigation group, however with
no significant difference in ROM, HSS, or WOMAC (Song et
al. 2013). Selvanayagam et al randomized 50 patients into
computer navigation and conventional groups and found
better accuracy in CAS/RAS, but no difference at 4 years
when looking at KSS and WOMAC scores (Selvanayagam et
al. 2019). Kim et al took 162 patients and completed one
knee with utilizing robotic assistance and the contralat-
eral knee with conventional technique. At a mean follow up
of 12.3 years they found no difference in KSS, WOMAC or
ROM, but they did show an increased rate of anterior notch-
ing with CAS/RAS (Kim, Yoon, and Park 2020). Kamat et al
looked at 637 knees and divided them into 2 cohorts of CAS/
RAS and Conv TKA demonstrating no difference in OKS at
5 years, though they did show that in general misaligned
knees had worse OKS (Kamat et al. 2009). While Kamat et al
favored no difference in their analysis, their finding of in-
ferior OKS in knees with poor alignment does support the
theory behind CAS/RAS TKA. These studies are all heav-
ily reliant on PROMs, and demonstrate the potential for
this outcome measure to have limitations when determin-
ing clinical impact.

In addition to the above clinical studies, several meta-
analyses have also been performed on this subject. Rebal et
al completed a meta-analysis of 21 studies finding that RAS
had more accurate alignment and improved KSS in CAS/
RAS TKA at 3 months and again at 12 to 32 months (Re-
bal et al. 2014). Cheng et al also completed a meta-analy-
sis of 21 studies with 2333 knees, however they found no
statistical difference at early follow up (Cheng et al. 2012).
A recent meta-analysis was performed by Agarwal et al.
that evaluated Conv. vs RAS knee clinical and radiologic
outcomes including 22 papers (Agarwal et al. 2020). They
found a statistically significant difference in HSS scores fa-
voring computer assisted surgery, which is consistent with
the data presented in this study. They also demonstrated no
significant difference in KSS scores. Agarwal et al only ex-
amined the effects of RAS TKA and did not examine the im-
pact of computer navigation. This is why our meta-analy-
sis included 6 studies when looking at HSS and 17 studies
when looking at KSS scores, compared to 4 and 6 studies in
the meta-analysis performed by Agarwal et al, respectively
(Agarwal et al. 2020). Our study additionally expands on the
results found by Agarwal et al by additionally completing a
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MINORSs criteria assessment for the included studies (Agar-
wal et al. 2020).

Extensive analysis has been done on how post-operative
PROMs differ between CAS/RAS and Conv TKA. However,
there remains no clear consensus. This may be partially at-
tributable to the fact that PROMs do not always correlate
with patient satisfaction (Halawi et al. 2020). Unfortu-
nately, patient satisfaction was not isolated or specifically
evaluated in any of the included studies in this analysis. It
is clear from this analysis that patient satisfaction needs
further attention in future studies. This is especially impor-
tant as orthopedic surgeons attempt to identify if the quan-
titative outcome provided by KSS and HSS scores translate
to a clinical difference and overall patient satisfaction.

There were several limitations to our study. The first is
that this study is a retrospective meta-analysis, and this
presents with all the inherent bias and challenges of such a
study. There is also the potential that other studies exist in
the literature that were not found by this review, although
over 1000 abstracts were examined for this study. While
there is also the risk of including poorly designed studies
within the analysis, this should have been mitigated as the
MINORS criteria was used for the non-randomized studies.
Finally, it would have been advantageous to directly com-
pare patient satisfaction values to these PROMs to more di-
rectly the impact on patient satisfaction. However, none of
the included studies reported directly on patient satisfac-
tion, preventing us from making that comparison in this
review. Ultimately, the lack of level 1 data with regards to
modern RAS/CAS techniques sufficiently explains most of
this study’s limitations. Thus, we recommend further inves-
tigation comparing PROMs from patients undergoing Conv.
TKA those undergoing RAS/CAS TKA.

5. CONCLUSIONS

TKA is a consistently successful operation for the treatment
of advanced knee osteoarthritis. This review has shown that
RAS/CAS TKA improves HSS and KSS scores. However, it
is still unclear how much the improvements from RAS/CAS
clinically impact patients. There is a large volume of con-
flicting evidence in this field, and continued analysis is war-
ranted to further elucidate the impact of RAS/CAS. Fur-
ther randomized control trials comparing the RAS/CAS and
Conv. TKA would be beneficial in showing if there are any
differences between the two approaches with regards to
PROM and patient satisfaction after TKA.

CONFLICT OF INTEREST

The authors declare the following conflicts of interes: One
author receives royalties, personal fees and non-financial
support from Corin USA, personal fees and non-financial
support from Omni Life Science, now acquired by the Corin
Group 2020. Additionally, one author is an employee of
Corin USA, a manufacturer of robotic assisted total knee
arthroplasty surgery systems and conventional total knee
arthroplasty systems.

FUNDING
There is no funding source for this study.
ETHICAL APPROVAL

This article does not contain any studies with human par-
ticipants or animals performed by any of the authors.

Submitted: January 27, 2021 EDT, Accepted: January 31, 2021
EDT

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.

Journal of Orthopaedic Experience & Innovation 8



Conventional Vs. Robotic/Computer Assisted Total Knee Arthroplasty: A Meta-Analysis

REFERENCES

Agarwal, N., K. To, S. McDonnell, and W. Khan. 2020.
“Clinical and Radiological Outcomes in Robotic-
Assisted Total Knee Arthroplasty: A Systematic
Review and Meta-Analysis.” | Arthroplasty.
https://doi.org/10.1016/j.arth.2020.03.005.

Barrett, W. P., ]. B. Mason, ]J. T. Moskal, D. F. Dalury, A.
Oliashirazi, and D. A. Fisher. 2011. “Comparison of
Radiographic Alignment of Imageless Computer-
Assisted Surgery vs Conventional Instrumentation in
Primary Total Knee Arthroplasty.” J Arthroplasty 26
(8): 1273-1284e1. https://doi.org/10.1016,
j.arth.2011.04.037.

Blakeney, W. G., R. ]. Khan, and J. L. Palmer. 2014.
“Functional Outcomes Following Total Knee
Arthroplasty: A Randomised Trial Comparing
Computer-Assisted Surgery with Conventional
Techniques.” Knee 21 (2): 364—68. https://doi.org/
10.1016/j.knee.2013.04.001.

Cheng, T., X. Y. Pan, X. Mao, G. Y. Zhang, and X. L.
Zhang. 2012. “Little Clinical Advantage of Computer-
Assisted Navigation over Conventional
Instrumentation in Primary Total Knee Arthroplasty
at Early Follow-Up.” Knee 19 (4): 237-45.
https://doi.org/10.1016/j.knee.2011.10.001.

Cho, K. TJ.,]. K. Seon, W. Y. Jang, C. G. Park, and E. K.
Song. 2019. “Robotic versus Conventional Primary
Total Knee Arthroplasty: Clinical and Radiological
Long-Term Results with a Minimum Follow-up of Ten
Years.” Int Orthop 43 (6): 1345-54. https://doi.org/
10.1007/s00264-018-4231-1.

Choi, Y. J., and H. J. Ra. 2016. “Patient Satisfaction after
Total Knee Arthroplasty.” Knee Surg Relat Res 28 (1):
1-15. https://doi.org/10.5792/ksrr.2016.28.1.1.

Ek, E. T., M. M. Dowsey, L. F. Tse, A. Riazi, B. R. Love, J.
D. Stoney, and P. F. Choong. 2008. “Comparison of
Functional and Radiological Outcomes after
Computer-Assisted versus Conventional Total Knee
Arthroplasty: A Matched-Control Retrospective
Study.” J Orthop Surg (Hong Kong) 16 (2): 192-96.
https://doi.org/10.1177/230949900801600213.

Ensini, A., F. Catani, A. Leardini, M. Romagnoli, and S.
Giannini. 2007. “Alignments and Clinical Results in
Conventional and Navigated Total Knee
Arthroplasty.” Clin Orthop Relat Res 457:156-62.
https://doi.org/10.1097/BLO.0b013e3180316¢92.

Gibon, E., M. J. Goodman, and S. B. Goodman. 2017.
“Patient Satisfaction After Total Knee Arthroplasty: A
Realistic or Imaginary Goal?” Orthop Clin North Am
48 (4): 421-31. https://doi.org/10.1016
j.0cl.2017.06.001.

Gothesen, O., B. Espehaug, L. I. Havelin, G. Petursson,
G. Hallan, E. Strom, G. Dyrhovden, and O. Furnes.
2014. “Functional Outcome and Alignment in
Computer-Assisted and Conventionally Operated
Total Knee Replacements: A Multicentre Parallel-
Group Randomised Controlled Trial.” Bone jJoint |
96-B (5): 609-18. https://doi.org/10.1302
0301-620X.96B5.32516.

Journal of Orthopaedic Experience & Innovation

Gunaratne, R., D. N. Pratt, J. Banda, D. P. Fick, R. J. K.
Khan, and B. W. Robertson. 2017. “Patient
Dissatisfaction Following Total Knee Arthroplasty: A
Systematic Review of the Literature.” ] Arthroplasty
32 (12): 3854-60. https://doi.org/10.1016
j.arth.2017.07.021.

Halawi, M. J., W. Jongbloed, S. Baron, L. Savoy, M. P.
Cote, and J. R. Lieberman. 2020. “Patient-Reported
Outcome Measures Are Not a Valid Proxy for Patient
Satisfaction in Total Joint Arthroplasty.” J
Arthroplasty 35 (2): 335-39. https://doi.org/10.1016
j.arth.2019.09.033.

Hoffart, H. E., E. Langenstein, and N. Vasak. 2012. “A
Prospective Study Comparing the Functional
Outcome of Computer-Assisted and Conventional
Total Knee Replacement.” ] Bone Joint Surg Br 94 (2):
194-99. https://doi.org/10.1302
0301-620X.94B2.27454.

Kamat, Y. D., K. M. Aurakzai, A. R. Adhikari, D.
Matthews, Y. Kalairajah, and R. E. Field. 2009. “Does
Computer Navigation in Total Knee Arthroplasty
Improve Patient Outcome at Midterm Follow-Up?”
Int Orthop 33 (6): 1567-70. https://doi.org/10.1007
$00264-008-0690-0.

Khlopas, A., N. Sodhi, A. A. Sultan, M. Chughtai, R. M.
Molloy, and M. A. Mont. 2018. “Robotic Arm-Assisted
Total Knee Arthroplasty.” J Arthroplasty 33 (7):
2002-6. https://doi.org/10.1016/j.arth.2018.01.060.

Kim, Y. H., S. H. Yoon, and J. W. Park. 2020. “Does
Robotic-Assisted TKA Result in Better Outcome
Scores or Long-Term Survivorship Than Conventional
TKA? A Randomized, Controlled Trial.” Clin Orthop
Relat Res 478 (2): 266—-75. https://doi.org/10.1097
CORR.0000000000000916.

Lehnen, K., K. Giesinger, R. Warschkow, M. Porter, E.
Koch, and M. S. Kuster. 2011. “Clinical Outcome
Using a Ligament Referencing Technique in CAS
versus Conventional Technique.” Knee Surg Sports
Traumatol Arthrosc 19 (6): 887-92. https://doi.org/
10.1007/s00167-010-1264-4.

Liow, M. H., Z. Xia, M. K. Wong, K. J. Tay, S. ]. Yeo, and
P. L. Chin. 2014. “Robot-Assisted Total Knee
Arthroplasty Accurately Restores the Joint Line and
Mechanical Axis. A Prospective Randomised Study.” J
Arthroplasty 29 (12): 2373-77. https://doi.org/
10.1016/j.arth.2013.12.010.

Lizaur-Utrilla, A., S. Gonzalez-Parreno, D. Martinez-
Mendez, F. A. Miralles-Munoz, and F. A. Lopez-Prats.
2020. “Minimal Clinically Important Differences and
Substantial Clinical Benefits for Knee Society Scores.”
Knee Surg Sports Traumatol Arthrosc 28 (5): 1473-78.
https://doi.org/10.1007/s00167-019-05543-x.

Longo, U. G., M. Ciuffreda, N. Mannering, V. D’Andrea,
J. Locher, G. Salvatore, and V. Denaro. 2018.
“Outcomes of Posterior-Stabilized Compared with
Cruciate-Retaining Total Knee Arthroplasty.” ] Knee
Surg 31 (4): 321-40. https://doi.org/10.1055
s-0037-1603902.



https://doi.org/10.1016/j.arth.2020.03.005
https://doi.org/10.1016/j.arth.2011.04.037
https://doi.org/10.1016/j.arth.2011.04.037
https://doi.org/10.1016/j.knee.2013.04.001
https://doi.org/10.1016/j.knee.2013.04.001
https://doi.org/10.1016/j.knee.2011.10.001
https://doi.org/10.1007/s00264-018-4231-1
https://doi.org/10.1007/s00264-018-4231-1
https://doi.org/10.5792/ksrr.2016.28.1.1
https://doi.org/10.1177/230949900801600213
https://doi.org/10.1097/BLO.0b013e3180316c92
https://doi.org/10.1016/j.ocl.2017.06.001
https://doi.org/10.1016/j.ocl.2017.06.001
https://doi.org/10.1302/0301-620X.96B5.32516
https://doi.org/10.1302/0301-620X.96B5.32516
https://doi.org/10.1016/j.arth.2017.07.021
https://doi.org/10.1016/j.arth.2017.07.021
https://doi.org/10.1016/j.arth.2019.09.033
https://doi.org/10.1016/j.arth.2019.09.033
https://doi.org/10.1302/0301-620X.94B2.27454
https://doi.org/10.1302/0301-620X.94B2.27454
https://doi.org/10.1007/s00264-008-0690-0
https://doi.org/10.1007/s00264-008-0690-0
https://doi.org/10.1016/j.arth.2018.01.060
https://doi.org/10.1097/CORR.0000000000000916
https://doi.org/10.1097/CORR.0000000000000916
https://doi.org/10.1007/s00167-010-1264-4
https://doi.org/10.1007/s00167-010-1264-4
https://doi.org/10.1016/j.arth.2013.12.010
https://doi.org/10.1016/j.arth.2013.12.010
https://doi.org/10.1007/s00167-019-05543-x
https://doi.org/10.1055/s-0037-1603902
https://doi.org/10.1055/s-0037-1603902

Conventional Vs. Robotic/Computer Assisted Total Knee Arthroplasty: A Meta-Analysis

Lutzner, J., ]. Dexel, and S. Kirschner. 2013. “No
Difference between Computer-Assisted and
Conventional Total Knee Arthroplasty: Five-Year
Results of a Prospective Randomised Study.” Knee
Surg Sports Traumatol Arthrosc 21 (10): 2241-47.
https://doi.org/10.1007/s00167-013-2608-7.

Lutzner, J., K. P. Gunther, and S. Kirschner. 2010.
“Functional Outcome after Computer-Assisted versus
Conventional Total Knee Arthroplasty: A Randomized
Controlled Study.” Knee Surg Sports Traumatol
Arthrosc 18 (10): 1339-44. https://doi.org/10.1007
s00167-010-1153-x.

Marchand, R. C., N. Sodhi, H. K. Anis, J. Ehiorobo, J. M.
Newman, K. Taylor, C. Condrey, M. S. Hepinstall, and
M. A. Mont. 2019. “One-Year Patient Outcomes for
Robotic-Arm-Assisted versus Manual Total Knee
Arthroplasty.” ] Knee Surg 32 (11): 1063-68.
https://doi.org/10.1055/5-0039-1683977.

Nakano, N., T. Matsumoto, K. Ishida, N. Tsumura, R.
Kuroda, and M. Kurosaka. 2013. “Long-Term
Subjective Outcomes of Computer-Assisted Total
Knee Arthroplasty.” Int Orthop 37 (10): 1911-15.
https://doi.org/10.1007/s00264-013-1978-2.

Pang, H. N., S. ]. Yeo, H. C. Chong, P. L. Chin, J. Ong,
and N. N. Lo. 2011. “Computer-Assisted Gap
Balancing Technique Improves Outcome in Total
Knee Arthroplasty, Compared with Conventional
Measured Resection Technique.” Knee Surg Sports
Traumatol Arthrosc 19 (9): 1496-1503.
https://doi.org/10.1007/s00167-011-1483-3.

Park, S. E., and C. T. Lee. 2007. “Comparison of Robotic-
Assisted and Conventional Manual Implantation of a
Primary Total Knee Arthroplasty.” J Arthroplasty 22
(7): 1054-59. https://doi.org/10.1016,
j.arth.2007.05.036.

Petursson, G., A. M. Fenstad, O. Gothesen, G. S.
Dyrhovden, G. Hallan, S. M. Rohrl, A. Aamodt, and O.
Furnes. 2018. “Computer-Assisted Compared with
Conventional Total Knee Replacement: A Multicenter
Parallel-Group Randomized Controlled Trial.” ] Bone
Joint Surg Am 100 (15): 1265-74. https://doi.org/
10.2106/]BJS.17.01338.

Rebal, B. A., O. M. Babatunde, J. H. Lee, J. A. Geller,
Patrick, D. A., Jr., and W. Macaulay. 2014. “Imageless
Computer Navigation in Total Knee Arthroplasty
Provides Superior Short Term Functional Outcomes:
A Meta-Analysis.” ] Arthroplasty 29 (5): 938—44.
https://doi.org/10.1016/j.arth.2013.09.018.

Ren, Yi, Shiliang Cao, Jinxuan Wu, Xisheng Weng, and
Bin Feng. 2019. “Efficacy and Reliability of Active
Robotic-Assisted Total Knee Arthroplasty Compared
with Conventional Total Knee Arthroplasty: A
Systematic Review and Meta-Analysis.” Postgraduate
Medical Journal 95 (1121): 125-33. https://doi.org/
10.1136/postgradmed;j-2018-136190.

Roberts, T. D., M. G. Clatworthy, C. M. Frampton, and S.
W. Young. 2015. “Does Computer Assisted Navigation
Improve Functional Outcomes and Implant
Survivability after Total Knee Arthroplasty?” J

Arthroplasty 30 (9 Suppl): 59-63. https://doi.org/
10.1016/j.arth.2014.12.036.

Selvanayagam, R., V. Kumar, R. Malhotra, D. N.
Srivastava, and V. K. Digge. 2019. “A Prospective
Randomized Study Comparing Navigation versus
Conventional Total Knee Arthroplasty.” J Orthop Surg
(Hong Kong) 27 (2): 2309499019848079.
https://doi.org/10.1177/2309499019848079.

Singh, Jasvinder A., Cathy Schleck, W. Scott Harmsen,
and David Lewallen. 2013. “Validation Of The
Hospital For Special Surgery Knee Questionnaire:
Convergent Validity, Responsiveness and Sensitivity
To Change.” American College Of Rheumatology
Meeting Abstracts.

Song, E. K., ]. K. Seon, S. J. Park, W. B. Jung, H. W. Park,
and G. W. Lee. 2011. “Simultaneous Bilateral Total
Knee Arthroplasty with Robotic and Conventional
Techniques: A Prospective, Randomized Study.” Knee
Surg Sports Traumatol Arthrosc 19 (7): 1069-76.
https://doi.org/10.1007/s00167-011-1400-9.

Song, E. K., J. K. Seon, J. H. Yim, N. A. Netravali, and W.
L. Bargar. 2013. “Robotic-Assisted TKA Reduces
Postoperative Alignment Outliers and Improves Gap
Balance Compared to Conventional TKA.” Clin Orthop
Relat Res 471 (1): 118-26. https://doi.org/10.1007
$11999-012-2407-3.

Van Onsem, S., C. Van Der Straeten, N. Arnout, P.
Deprez, G. Van Damme, and J. Victor. 2016. “A New
Prediction Model for Patient Satisfaction After Total
Knee Arthroplasty.” J Arthroplasty 31 (12):
2660-2667el. https://doi.org/10.1016
j.arth.2016.06.004.

Xie, C., K. Liu, L. Xiao, and R. Tang. 2012. “Clinical
Outcomes After Computer-Assisted Versus
Conventional Total Knee Arthroplasty.” Orthopedics
35 (5): €647-53. https://doi.org/10.3928
01477447-20120426-17.

Yang, H. Y., J. K. Seon, Y. J. Shin, H. A. Lim, and E. K.
Song. 2017. “Robotic Total Knee Arthroplasty with a
Cruciate-Retaining Implant: A 10-Year Follow-up
Study.” Clin Orthop Surg 9 (2): 169-76.
https://doi.org/10.4055/ci0s.2017.9.2.169.

Zhang, G. Q., ]. Y. Chen, W. Chai, M. Liu, and Y. Wang.
2011. “Comparison between Computer-Assisted-
Navigation and Conventional Total Knee
Arthroplasties in Patients Undergoing Simultaneous
Bilateral Procedures: A Randomized Clinical Trial.” |
Bone joint Surg Am 93 (13): 1190-96. https://doi.org/
10.2106/]BJS.1.01778.

Zhu, M., ]. Y. Chen, H. C. Chong, H. N. Pang, D. K. J.
Tay, S. L. Chia, N. N. Lo, and S. J. Yeo. 2018. “No
Difference in Functional Outcomes after Total Knee
Arthroplasty with or without Pinless Navigation.” |
Knee Surg 31 (7): 649-53. https://doi.org/10.1055
s-0037-1606375.

Journal of Orthopaedic Experience & Innovation 10


https://doi.org/10.1007/s00167-013-2608-7
https://doi.org/10.1007/s00167-010-1153-x
https://doi.org/10.1007/s00167-010-1153-x
https://doi.org/10.1055/s-0039-1683977
https://doi.org/10.1007/s00264-013-1978-2
https://doi.org/10.1007/s00167-011-1483-3
https://doi.org/10.1016/j.arth.2007.05.036
https://doi.org/10.1016/j.arth.2007.05.036
https://doi.org/10.2106/JBJS.17.01338
https://doi.org/10.2106/JBJS.17.01338
https://doi.org/10.1016/j.arth.2013.09.018
https://doi.org/10.1136/postgradmedj-2018-136190
https://doi.org/10.1136/postgradmedj-2018-136190
https://doi.org/10.1016/j.arth.2014.12.036
https://doi.org/10.1016/j.arth.2014.12.036
https://doi.org/10.1177/2309499019848079
https://doi.org/10.1007/s00167-011-1400-9
https://doi.org/10.1007/s11999-012-2407-3
https://doi.org/10.1007/s11999-012-2407-3
https://doi.org/10.1016/j.arth.2016.06.004
https://doi.org/10.1016/j.arth.2016.06.004
https://doi.org/10.3928/01477447-20120426-17
https://doi.org/10.3928/01477447-20120426-17
https://doi.org/10.4055/cios.2017.9.2.169
https://doi.org/10.2106/JBJS.I.01778
https://doi.org/10.2106/JBJS.I.01778
https://doi.org/10.1055/s-0037-1606375
https://doi.org/10.1055/s-0037-1606375

	Conventional Vs. Robotic/Computer Assisted Total Knee Arthroplasty: A Meta-Analysis
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. CONCLUSIONS
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. DISCUSSION
	5. CONCLUSIONS
	Conflict of Interest
	Funding
	Ethical approval

	References


