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Key messages

What is already known on the subject?
►► Systematic reviews of computer-assisted total knee 
and hip arthroplasty report conflicting evidence on 
its superiority over conventional arthroplasty.

►► Little is known about the quality of these Systematic 
reviews (SRs); variability in their methodological 
quality may be a contributing factor.

What are the new findings?
►► Most of the SRs showed that computer-assisted (CA) 
is equivalent to or better than conventional knee and 
hip arthroplasty; however, the confidence in the in-
cluded SRs ranges from critically low to low.

►► There is a plethora of outcomes measures and in-
consistency in reporting outcomes in SRs.

How might these results affect future 
research or surgical practice?

►► They highlight the need to conduct a high-quality SR 
to inform the decision on adopting CA knee and hip 
arthroplasty.

►► Journals should consider using a methodological 
assessment tool (eg, A MeaSurement Tool to Assess 
systematic Reviews 2) to assess the quality of SRs.

►► To strengthen evidence synthesis related to Total 
Knee Arthroplasty and Total Hip Arthroplasty out-
comes, standardized outcome measures such as 
those recommended by the Outcome Measures 
in Rheumatology Trials Total Joint Replacement 
Working Group should be used and reported.

Abstract
Background  Systematic reviews (SRs) of computer-
assisted (CA) total knee arthroplasty (TKA) and total 
hip arthroplasty (THA) report conflicting evidence on its 
superiority over conventional surgery. Little is known about 
the quality of these SRs; variability in their methodological 
quality may be a contributing factor. We evaluated the 
methodological quality of all published SRs to date, 
summarized and examined the consistency of the evidence 
generated by these SRs.
Methods  We searched four databases through December 
31, 2018. A MeaSurement Tool to Assess systematic 
Reviews 2 (AMSTAR 2) was applied to assess the 
methodological quality. Evidence from included meta-
analyses on functional, radiological and patient-safety 
outcomes was summarized. The corrected covered area 
was calculated to assess the overlap between SRs in 
including the primary studies.
Results  Based on AMSTAR 2, confidence was critically 
low in 39 of the 42 included SRs and low in 3 SRs. Low 
rating was mainly due to failure in developing a review 
protocol (90.5%); providing a list of excluded studies 
(81%); accounting for risk of bias when discussing the 
results (67%); using a comprehensive search strategy 
(50%); and investigating publication bias (50%). Despite 
inconsistency between SR findings comparing functional, 
radiological and patient safety outcomes for CA and 
conventional procedures, most TKA meta-analyses favored 
CA TKA, whereas most THA meta-analyses showed no 
difference. Moderate overlap was observed among TKA 
SRs and high overlap among THA SRs.
Conclusions  Despite conclusions of meta-analyses 
favoring CA arthroplasty, decision makers adopting this 
technology should be aware of the low confidence in 
the results of the included SRs. To improve confidence 
in future SRs, journals should consider using a 
methodological assessment tool to evaluate the SRs prior 
to making a publication decision.

Background
Instability and loosening of the implant are 
among the most common reasons for revi-
sions of total knee arthroplasty (TKA),1 and 
total hip arthroplasty (THA),2 and are mainly 
due to inaccurate positioning of the implant 

and malalignment of the limb.3 Computer-
assisted (CA) arthroplasty, whether navigation 
or robotic systems, is proposed as an alterna-
tive to improve the accuracy of implant posi-
tioning and reduce malalignment4 through 
providing intraoperative feedback to the 
surgeons before cutting the bones.5 The navi-
gation system guides the surgeon during the 
operation,6 whereas the robot system oper-
ates on patients to insure precise cutting of 
the bones.6
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Utilization of CA arthroplasty has been steadily 
increasing over the past few years in USA. For example, 
CA TKA has increased from 0.37% in 2005 to 2.32% in 
2012 with average increase of 0.26% per year.7 CA arthro-
plasty is associated with a steep learning curve (10–20 
cases) for the surgeon, and significant costs for equip-
ment and continuous maintenance for hospitals.8 9 With 
concerns about overutilization of joint replacement,10 
investment in new technologies should be supported by 
high quality evidence to justify societal resources use.11

Multiple systematic reviews (SRs) have been conducted 
to compare CA TKA and THA to conventional approaches; 
however, the results of these SRs are conflicting.12 For 
example, Shi and colleagues conducted a meta-analysis 
on the alignment outcomes of conventional versus CA 
TKA and suggested no difference,13 whereas Rebal and 
colleagues found improved alignment outcomes with CA 
TKA.14 Both were published in the same year, suggesting 
potential inconsistency in the methodology of conducting 
these SRs.

SRs and meta-analyses provide the highest level of 
evidence15 and should be of high quality. However, little is 
known about the quality of SR comparing CA and conven-
tional approaches. We conducted an umbrella review 
to (1) Evaluate the methodological quality of SRs. (2) 
Summarize and examine the consistency of the evidence 
generated by these SRs.

Methods
Structure of the umbrella review
An umbrella review systematically evaluates and collects 
evidence from multiple SRs on all outcomes for which 
these have been conducted.16 To develop our umbrella 
review, we followed the steps outlined in the Cochrane 
Handbook and other methodological papers on 
conducting umbrella reviews.17–19 A protocol has been 
developed prior to the conduction of this review. We 
developed a comprehensive search strategy to include 
all SRs and meta-analyses comparing CA to conventional 
TKA and THA. We included both TKA and THA SRs 
because both procedures are elective orthopaedic proce-
dures on the rise,20 and provide long-lasting joints that 
are effective in alleviating pain and regaining function 
for patients with end-stage osteoarthritis.21 22 Moreover, 
TKA and THA are often considered together in reim-
bursement policies. However, we summarized the results 
separately for TKA and THA because surgical outcomes 
may differ by joint type. We executed the study selection, 
data extraction and quality assessment of the SRs in dupli-
cate. We used the validated AMSTAR 2 tool to assess the 
methodological quality of the included SRs.23 To summa-
rize and examine the consistency of the evidence, we 
compared conclusions from meta-analyses for outcomes 
common across more than one meta-analysis. We also 
calculated the corrected covered area (CCA)24 to assess 
the level of overlap between meta-analyses in including 
the same pool of primary studies, since high levels of 

overlap should produce more consistent conclusions. We 
used Covidence SR software, Veritas Health Innovation, 
Melbourne, Australia (available at www.​covidence.​org).

Search strategy
We searched MEDLINE, EMBASE, the Cochrane Data-
base and Epistemonikos to identify SRs published through 
May 2017 comparing CA-TKA and THA versus conven-
tional TKA and THA. The search strategy combined 
keywords (eg, knee arthroplasty, hip arthroplasty) with 
subject heading terms (eg, surgery, CA, arthroplasty, 
replacement, knee, hip), and specialized clinical queries 
for SRs. We also searched the gray literature (eg, confer-
ence proceedings, reports, and doctoral theses). We reran 
the search strategy to include the rest of 2017 and the 
whole year of 2018. See online supplementary appendix 
A for details.

Screening and selection of SRs
To exclude irrelevant citations, one reviewer (MMH) 
screened all citations for their titles and abstracts. Full-
text articles of the remaining citations were retrieved and 
assessed independently by two reviewers (MMH and MZ). 
Included reviews satisfied the following inclusion criteria: 
they were SRs as defined by the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) state-
ment,25 26 and explicitly compared CA to conventional 
procedures. To identify any potential studies not iden-
tified in the database searches, we contacted authors of 
the included studies, and searched the bibliographies. 
Two reviewers (MMH and MZ) independently extracted 
data from the included SRs. The extracted data were 
general information about the SR (eg, year of publica-
tion, journal, and sources of funding) as well as details 
about the interventions, design, and main findings of the 
studies included in the reviews.

Assessment of methodological quality
After agreement on study inclusion, two reviewers 
(MMH, MZ) independently assessed the methodological 
quality of the included reviews using ‘A MeaSurement 
Tool to Assess systematic Reviews 2’ (AMSTAR 2). In case 
of disagreement, consensus was reached by discussions 
mediated by the senior author (HMKG).

First developed in 2007 (as AMSTAR) to only eval-
uate the methodological quality of SRs that synthesize 
evidence from randomized trials, this appraisal tool has 
been further developed, as AMSTAR 2, in 2017 to expand 
its use to SRs of randomized trials and non-randomized 
studies.23 Since its release, AMSTAR 2 has been used widely 
in many umbrella reviews.27–33 AMSTAR 2 comprises 16 
domains, 7 of them are critical domains as they strongly 
undermine the confidence in the conclusions of the SRs: 
1 domain is related to protocol registration, 2 are related 
to search strategy (adequacy and justifying studies’ exclu-
sion), 2 are related to the assessment of risk of bias of 
the included studies and its effect on SR conclusions, 1 
is related to the method of evidence synthesis, and 1 is 
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Table 1  Critical and non-critical domains of A MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2) quality 
assessment tool

Critical domains Non-critical domains

Protocol development/registration before 
commencement of the review

Satisfying the components of PICO (population, intervention, 
comparison, and outcome)

Comprehensiveness of the literature search Clarification of the reasons for selection of the study designs for 
inclusion in the review.

Justification for studies’ exclusion Study selection is done in duplicate

Assessment of the risk of bias Extraction is done in duplicate

Appropriateness of meta-analysis Detailed description of the included studies

Accounting for risk of bias in the discussion Report on the sources of funding for the primary studies

Assessment of publication bias Assessment of the potential impact of risk of bias on the results of the 
evidence synthesis

 �  Satisfactory explanation for any heterogeneity

 �  Report of any potential sources of conflict of interest

related to the publication bias (table  1).23 The overall 
confidence in the results of the SRs is rated into four cate-
gories: high (no or one non-critical weakness), moderate 
(more than one non-critical weakness), low (one critical 
flaw with or without non-critical weaknesses), and very 
low (more than one critical flaw with or without non-
critical weaknesses).23 AMSTAR 2 is a valid and reliable 
instrument, similar to other appraisal tools of SRs.34 35

Summary and assessment of the consistency of the evidence
First, we summarized the evidence out of the SRs that 
conducted meta-analyses. We categorized the outcomes 
reported by SRs into functional, radiological, and patient 
safety related and others. Then, we assessed the overlap 
between those meta-analyses in using the same primary 
studies by calculating the CCA.24 CCA assesses over-
representation bias induced by using the same primary 
studies in different meta-analyses. As such, higher CCA 
suggests that the evidence summarized in an umbrella 
review is more likely to support the results of the primary 
studies included in multiple meta-analyses.24 CCA uses 
the number of the included meta-analyses, the number of 
the primary publications including the duplications, and 
the number of the primary publications after removing 
the duplications.24 CCA value ≤5 indicates slight overlap, 
6–10 indicates moderate overlap, 11–15 indicates high 
overlap, and >15 indicates very high overlap.24

Results
After deduplication, our initial search yielded 442 cita-
tions (figure 1). After screening the titles and abstracts, 
we excluded 330 citations not meeting the inclusion 
criteria. We retrieved the full texts of the remaining 112 
citations for detailed full-text screening. After examining 
the full texts, we excluded 73 articles for not meeting 
our inclusion criteria (online supplementary appendix 
B). We also searched the gray literature and screened 
the references of the included studies and added two 

articles not captured by the original search strategy. Also, 
we contacted experts in the field resulting in one more 
article eligible for inclusion. As a result, we included 42 
SRs.12–14 36–74

Description of the included SRs
The publication years of the included SRs ranged from 
2004 to 2018 with most of the SRs (78%) published between 
2011 and 2019. Four SRs were published in languages 
other than English: one German,40 one Korean,62 and 
two Mandarin.54 68 Of all the 42 SRs, 3 compared conven-
tional to CA modalities of both TKA and THA,38 52 71 9 
addressed THA,36 42 49 53 55 59 63 70 74 and the rest addressed 
TKA. The approach to evidence synthesis was as follows: 
7 SRs synthesized the evidence qualitatively,38 40 44 52 56 63 66 
7 SRs conducted meta-analysis and qualitative evidence 
synthesis,37 45 67 70 71 73 74 and the remaining 28 SRs 
conducted only meta-analysis. Regarding the interven-
tion, four SRs compared minimally invasive (MI) CA TKA 
to MI TKA,39 64–66 one SR compared MI THA to CA THA 
to conventional THA,63 four SRs compared robotic THA 
to conventional THA,38 52 70 71 five SRs compared robotic 
TKA to conventional TKA.38 52 66 71 73 The remaining SRs 
compared CA navigation arthroplasty versus conventional 
surgery.

Methodological quality of the included SRs
Based on AMSTAR 2, confidence was rated critically 
low in the results of 39 studies and low in 3 studies. Low 
confidence was attributed to reasons such as 38 (90.5%) 
SRs not reporting development of a protocol; 34 (81%) 
SRs not providing a list of the excluded studies and not 
justifying the exclusion. In addition, of the 28 SRs that 
included non-randomized primary studies, 24 (85.%) SRs 
did not account for the risk of bias when interpreting the 
results. Figure 2 shows the prevalence of critical flaws and 
non-critical weaknesses across the included SRs. Table 2 
shows a detailed rating of the critical flaws and non-
critical weaknesses for each SR.
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Figure 1  Study selection process: describing the steps of the study selection process. The process is divided into 
four phases: identification of all references from the consulted databases, screening of the titles and abstracts, eligibility 
determination by reviewing the full texts, and finally including the selected final list in the review. SR, systematic review.

Figure 2  Quality assessment of the included systematic reviews: summarizing the results of the quality assessment via A 
MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR 2). The methodological flaws are classified into critical flaws and 
non-critical weaknesses. Each bar represents the percentage of the occurrence of the flaw in the systematic reviews.

Summary and consistency of the evidence
Consistency of the conclusions from meta-analyses.

Functional outcomes
Three functional outcomes were compared for 
TKA.14 45 60 64 67 69 71 72 Knee Society Scores: Two out of eight 
SRs showed that CA TKA had superior scores,14 60 while 
six out of eight SRs showed no difference.45 64 67 69 71 72 
Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC): One out of three SRs showed slightly 
improved scores with the CA TKA,60 while two out of 
three SRs showed no difference.71 72 Range of motion: 
two out of two SRs showed postoperative improvement 

with CA TKA.64 69 Two SRs reported meta-analysis results 
for THA and found no significant difference in the func-
tional scores (Harris Hip Score (HHS), Merle d'Aubigne 
Hip Score, and Japanese Orthopedic Association Score) 
between CA and conventional THA.70 71 (figure 3)

Radiological outcomes
Six radiological outcomes were compared for TKA 
(figure  3). Mechanical axis malalignment: 12/15 
SRs showed significantly less malalignment with CA 
TKA12 14 37 43 46–48 51 54 57 60 66 73 whereas 3/15 SRs showed 
no significant difference.13 64 65 Coronal plane femoral 
malalignments: six out of eight SRs showed significantly 
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less malalignments with CA TKA,12 14 43 47 57 60 whereas two 
out of eight SRs showed no difference.13 64 Coronal plane 
tibial component outliers: five out of six SRs showed 
significantly fewer outliers,12 14 43 57 60 while one out of 
six SRs showed no difference.13 Sagittal femoral compo-
nent malalignment: two out of two SRs showed signifi-
cantly less malalignment with CA TKA.12 57 Femoral slope 
malalignment: one out of one SR showed significantly 
less slope with CA TKA.60 Tibial slope malalignment: two 
out of three SRs showed significant difference in favor 
of CA TKA,12 60 while one out of three SRs showed no 
difference.57

Seven radiological outcomes were compared for THA. 
Cup positioning outside the safe zone: significantly 
reduced with CA THA in five out of five SRs.36 42 55 59 70 
Number of outliers of acetabular cups outside the desired 
alignment range: two out of two SRs showed no signifi-
cant difference.49 55 Cup inclination: one out of four SRs 
showed improved inclination in the navigated group,74 
while three out of four SRs reported no significant differ-
ence.36 42 55 Cup anteversion: one out of four SRs reported 
improved anteversion,74 while three SRs reported no 
difference.36 42 55 Postoperative dislocation: one out of 
two SRs reported significant reduction with CA THA,59 
while one out of two SRs reported insignificant differ-
ence.36 Reduction in the leg length discrepancy: one out 
of two SRs showed significant reduction within the navi-
gated group,36 while one out of two SRs showed no signif-
icant difference.70 Heterotopic ossification: one out of 
one SR reported a higher rate in patients that underwent 
conventional THA.70

Patient safety related and other outcomes
Six patient safety related outcomes were compared for 
TKA (figure  3). Complications and adverse events: two 
out of three SRs showed no difference,39 46 while one out 
of three SRs showed that CA TKA is associated with fewer 
complications and adverse events.60 Postoperative blood 
loss and calculated blood loss: one out of one SR showed 
less blood loss with CA TKA.50 Allogenic blood transfu-
sion rate: one out of one SR showed no difference.50 
Operative blood loss: two out of two SRs showed no 
difference60 69 Hematocrit value after surgery: one out of 
one SR showed no difference.50 Tourniquet time: one out 
of one SR showed decreased tourniquet time with conven-
tional TKA.60 Table 3 provides details on TKA outcome 
measures.

Four patient safety related outcome measures were 
compared for THA (figure 3). Operative time: one out of 
two SRs reported a significantly longer time with the navi-
gated procedures,36 another SR showed no significant 
difference.70 Deep venous thrombosis (DVT): one out of 
one SR concluded no significant difference.36 Joint infec-
tion: one out of one SR concluded no difference.59 Total 
complication rate: one out of one SR showed higher rate 
in patients who underwent conventional THA.70 Table 4 
provides details on THA outcome measures.
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Figure 3  Consistency of the evidence: describing the consistency of the evidence of the included systematic reviews that 
conducted meta-analyses. The outcome measures are categorized into three categories: functional, radiological, and patient-
safety outcomes and . Each bar represents the number of meta-analyses that concluded that computer-assisted (CA) surgery is 
superior (in purple), and those that concluded no difference (in green). KSS, Knee Society Score; ROM, range of motion; THA, 
total hip arthroplasty; TKA, total knee arthroplasty; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Overlap between SRS
For TKA, the number of primary studies included 
in the meta-analyses was 180 (468 before removal of 
duplicates) resulting in a CCA of 8%, which indicates 
moderate overlap (online supplementary appendix C). 
For THA, the number of primary studies included in the 
meta-analyses was 23 (36 before removal of duplicates), 
resulting in a CCA of 13.2%, which indicates high overlap 
(online supplementary appendix D).

Discussion
We aimed to evaluate the methodological quality of 
SRs comparing CA and conventional arthroplasty using 
the AMSTAR 2 tool and summarize and examine the 
consistency of the evidence generated by these SRs. Our 
umbrella review identified 42 SRs. We found low confi-
dence in the evidence provided by 3 SRs, and very low 
confidence in the evidence provided by the remaining 39 
SRs. Most SRs concluded that CA procedures had gener-
ally better radiological and similar functional outcomes 
compared with conventional procedures. However, 
depending on the outcome, discrepancy in the conclu-
sions of the SRs varied significantly. Patient safety related 
outcomes were infrequently reported in the included SRs. 
Over-representation of the primary studies was shown by 
the moderate overlap among TKA SRs, and high overlap 
among THA SRs. These conclusions have implications for 
policy makers evaluating and adopting this technology, 
and for journals considering future SRs for publication.

We found that most of the included SRs showed that CA 
procedures are equivalent or better than conventional 
ones, which may have been used to support the increase 
in utilization of CA THA and TKA.7 However, given that 
these SRs are inflicted by the very low confidence in their 
conclusions, we caution that these findings should not 
be used to support further adoption of this technology. 
Moreover, the published SRs included little data on 
patient related safety outcomes, which creates a major gap 
in the assessment of the technology, especially knowing 
that THA and TKA are among the top seven orthopaedic 
procedures with the highest complication rates.75 While 
the US Food and Drug Administration approved the 
use of navigation systems, postmarket surveillance is still 
needed to minimize unintended consequences, as is the 
case with metal-on-metal hip resurfacing, which proved 
costly and unsafe.76 77

There is a plethora of outcome measures and incon-
sistency in reporting outcomes in SRs. This finding high-
lights the need to standardize the outcomes reported by 
both the primary studies and SRs,78–80 in order to synthe-
size the evidence more comprehensively and meaningfully 
for technology assessment and guidelines development. 
To address this, core domains have been developed for 
clinical trials of TKA and THA developed by the Outcome 
Measures in Rheumatology Trials (OMERCAT) Total 
Joint Replacement Working Group;81 82 however, those 
core domains are not yet fully represented in trials and 
SRs of CA TKA and THA. For example, the included SRs 
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Table 3  Outcome measures of SRS that addressed total knee arthroplasty

Functional outcomes of SRs that addressed TKA

Knee Society Scores (KSS)

SR Results

Xie, 2012 Within 6 months: mean standard difference: 4.47; (95% CI 21.05 to 9.99, p=0.36)

Cheng, 2012 At 3 months (WMD=1.11, 95% CI −6.33 to 8.56) and 6 months (WMD=2.13, 95% CI −2.53 to 6.79) follow-up

Rebal, 2014 3 months postoperative change: CA TKA had a mean score increase of 68.5 (52.9–75.0), significantly superior to the 
mean score of 58.1 (47.3–64.0) for knees performed with conventional guides (p=0.03, 95% CI 1.13 to 19.78)
Postoperative change at 12–32 months follow-up: knees in the CA TKA groups improved by a mean of 53.1 (37.7–96.6), 
significantly superior to the mean of 45.8 (32–89.5) for the CONV group (p<0.01, 95% CI 2.87 to 11.90)

Shin, 2016 The pooled data showed that the mean difference in the postoperative KSS was 11.15 points higher with the MINA 
approach than the CONV approach, but this difference was not statistically significant (95 % CI −8.55 to 30.84; N.S.; I 
2=98%

VanderList, 2016 6 months: pooled mean difference=5.2 (3.41, 7.00). 1 year: (8.46, 90.65, 16.28). 2 years: 1.97 (−1.91, 5.84). More than 4 
years: 2.65 (0.84, 4.46). Total=2.86 (0.96, 4.76)
Navigated vs conventional TKA surgery with navigation systems aiming to control for alignment and component position: 
pooled mean difference=0.66 (−2.06 to 3.38)
Navigated vs conventional TKA surgery with navigation systems aiming to control for alignment and component position 
with controlling for soft tissue balance: pooled mean difference=4.84 (1.61 to 8.07)

Moskal, 2014 KSS were slightly larger for NAV, demonstrating some improvement compared with CONV.
Knee Society Function Scores: standardized difference in means=−0.341 95% CI (−0.532 to −0.150) p=0.000
Knee Society Knee Scores: standardized difference in means=−0.294 95% CI (−0.489 to −0.100) p=0.003
Knee Society total Scores: standardized difference in means=−0.623 95% CI (−0.940 to −0.307) p=0.000

Panjwani, 2019 Follow-up ≥ 2 years and <5 years postoperatively: no difference (p=0.13; pooled mean difference=−0.86; CI −1.96 to 0.25)
Follow-up >5 years and <8 years postoperatively: no significant difference in the two groups (p=0.09)
Follow-up >8 years postoperatively: no significant difference in the two groups (p=0.91)

WOMAC Scores

Moskal 2014 WOMAC Scores (Pain Score, Stiffness Score, and Physical Function Score) were slightly lower for NAV, showing some 
improvement compared with CONV.
WOMAC Pain Scores: standardized difference in means=−0.472; 95% CI (−0.826 to −0.117), p<0.009
WOMAC Stiffness Scores: standardized difference in means=−0.274 95% CI (−0.538 to −0.010), p<0.042
WOMAC Physical Function Scores: standardized difference in means=−0.369 95% CI (−0.619 to −0.173), p<0.001

Panjwani, 2019 Follow-up ≥2 years and <5 years postoperatively: no difference between the two groups (p=0.60; pooled mean 
difference=0.86; CI −2.32 to 4.04)
Follow-up >5 years and <8 years postoperatively: significantly better in the CAS-TKA group (p<0.0001; pooled mean 
difference=−2.05; CI −2.82 to −1.28)
Follow-up >8 years postoperatively: no difference in the two groups (p=0.94; pooled mean difference= −0.08; CI −2.10 to 
1.95)

Karunaratne, 2019 Low quality of evidence of no difference (mean difference= −0.51; 95% CI −1.95 to 0.94)

Knee range of motion (ROM)

Xie, 2012 Mean standard difference: 1.38; 95% CI 21.43 to 4.18, p=0.34)

Shin 2016 The pooled mean difference in postoperative flexion ROM was 16.64 (95 % CI 14.26 to 19.01, p<0.001; I2=0%)

Hospital for special surgery (HSS)

Karunaratne, 2019 Medium-term: low quality of evidence of no difference between groups (mean difference=0.04 (−2.94 to 3.01))
Long-term: low quality of evidence of no difference between groups (mean difference=−0.51 (−1.83 to 0.82))

Radiological outcomes of SRs that addressed TKA

Mechanical axis malalignment

Smith, 2012 No difference

Hetaimish, 2012 Malalignment >3°: RR=0.37 (95% CI 0.24 to 0.58, p=0.00001), MAM>2°: 0.54 (95% CI 0.42 to 0.69, p=0.004)

Thieopont, 2013 Malalignment >2°, the effect measures (ie, OR and risk ratio) ranged from 0.21 to 0.76
Malalignment >3°, the reduction was comparable, and effect measures ranged from 0.19 to 0.79

Cheng, 2012 Mechanical axis malalignment >3°: OR=0.4 (95% CI (0.31 to 0.51)

Fu, 2012 Malalignment of >3°: a meta-analysis OR of 0.26 (95% CI 0.17 to 0.38)
Malalignment at >2°: a meta-analysis OR of 0.33 (95% CI 0.26 to 0.42)

Rebal, 2014 The risk difference of alignment within 3° of ideal is 0.14 (CI 0.1 to 1.18)
The absolute value of degrees deviation: for the CAS group the mean deviation was 1.3° (1.0° to 1.9°), significantly less 
than the CONV group deviation of 2.4° (1.8° to 3.2°) (P < .01, 95% CI −1.38 to −0.67
The mean average of the degrees of deviation of the mechanical axis: The CAS group had a mean deviation of 0.3° (−0.6° 
to 1.0°) while the CONV group had a mean deviation of 0.5° (−2.4° to 1.2) (p=0.33, 95% CI −0.65 to 0.22)
Note: positive values for varus deviation and negative values for valgus deviation

Continued
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Functional outcomes of SRs that addressed TKA

Shi, 2014  � The pooled OR for overall outliers in mechanical axis showed no difference between the two groups; no heterogeneity 
was observed (p=1.000; I2=0.0%)

Shin 2016 No statistical difference is present (95 % CI 1.01 to 0.54; N.S.; I2=64%)

Zamora, 2013 OR of postoperative alignment of the mechanical axis in the frontal plane (postoperative deviation of 3° from target angle 
of 180°=2.32. (95% CI 1.77 to 3.04)

Cheng, 2011 (A) RR=0.4; 95% CI 0.31 to 0.5

Mason, 2007 Malalignment >3 °: a meta-analytic mean OR 0.22 (95% CI 0.16 to 0.29)
Malalignment >2 °: a meta-analytic mean OR of 0.35 (95% CI 0.28 to 0.43)

Cheng, 2011 (B) Malalignment >3° (RR=0.19, 95% CI 0.11 to 0.32, p<0.00001, I2=10%

Liu, 2014 Malalignment >3°(OR=0.55; 95% CI 0.44 to 0.68, p<0.001)

Brin, 2011 Malalignment >3°: (prospective randomized studies alone): OR=0.03 (95% CI 0.15 to 0.52),
(prospective randomized and retrospective studies): OR=0.21 (95% CI 0.12 to 0.33)

Moskal, 2014 Femoral flexion angle deviation from neutral: standardized difference in means: −0.606. 95% CI −0.856 to −0.356, 
p=0.000
Anatomic axis outliers: standardized difference in means: 0.242; 95% CI 0.098 to 0.593, p=0.002
Mechanical axis outliers: OR=0.356; 95% CI 0.237 to 0.536, p=0.000
Tibial component alignment outliers: OR= 0.356; 95% CI 0.237 to 0.536,) p =0.000
Femoral component alignment outliers: OR=0.387; 95% CI 0.254 to 0.589, p=0.000

Mannan, 2018 Weighted mean differences of postoperative alignment to be more accurate in the robotic knee group: mean 
difference=−0.63; 95% CI −1.18 to 0.08, z=2.25, p=0.02

Coronal plane femoral component outliers

Fu, 2012 The OR of malalignment of >3° was estimated at 0.33 (95% CI 0.14 to 0.75)

Rebal 2014 Within 3° of ideal (90°): 97.6% (94%–100%) in the CAS groups, significantly more than the 87.4% (81%–97%) in the 
CONV group (P b .01, 95% CI 0.05 to 0.14)

Shi 2014 The pooled data in the random-effects model showed no difference between the two groups. No heterogeneity was 
observed

Shin 2016 The pooled mean difference was similar between the MINA and CONV approaches (95 % CI −0.91 to 2.97; N.S.; I2=95%)

Cheng 2011 (A) RR=0.37; 95% CI 0.22 to 0.64

Mason 2007 Malalignment >3°: a meta-analytic mean OR 0.34 (95% CI 0.24 to 0.48)
Malalignment >2°: a meta-analytic mean OR 0.29 (95% CI 0.14 to 0.56)

Brin, 2011 Femoral angle (prospective randomized and retrospective studies) OR=0.19 (95% CI 0.08 to 0.39)

Moskal 2014 Standardized difference in means: −0.663; 95% CI −0.929 to −0.397, p=0.000

Coronal plane tibial component outliers

Fu, 2012 Malalignment of >3°: the OR was estimated at 0.29 (95% CI 0.16 to 0.50)

Rebal 2014 Within 3° of ideal (90°) demonstrated equivalent results in the CAS group
(92.1% (83–100%)) and the CONV group (91.7% (82–97%)) (p=0.73; 95% CI −0.06 to 0.09)

Shi 2014  � No difference between the two groups.

Mason 2007 Malalignment >3°: a meta-analytic mean OR 0.36; 95% CI 0.23 to 0.57
Malalignment >2°: a meta-analytic mean OR 0.26; 95% CI 0.17 to 0.40

Brin, 2011 Tibial angle (prospective randomized and retrospective studies): OR=0.19 (0.07 to 0.41)

Moskal 2014 Standardized difference in means: −0.268; 95% CI −0.350 to −0.185, p=0.000

Sagittal femoral component malalignment

Fu, 2012 Malalignment of >3°: OR=0.35; 95% CI 0.17 to 0.74
Malalignment at >2°: OR=0.22; 95% CI 0.06 to 0.76

Mason, 2007 Malalignment >3°: a meta-analytic mean OR=0.39; 95% CI 0.11 to 1.34
Malalignment >2°: a meta-analytic mean OR=0.13; 95% CI 0.03 to 0.54

Femoral slope

FMoskal, 2014 Femoral slope outliers: OR=0.465; 95% CI 0.303 to 0.712, p=0.000

Tibial slope

Fu, 2012 Malalignment of >3°: OR=0.43; 95% CI 0.30 to 0.61
Malalignment at >2°: OR=0.42; 95% CI 0.23 to 0.76

Mason 2007 Malalignment >3°: a meta-analytic mean OR=0.43; 95% CI 0.13 to 1.39
Malalignment >2°: a meta-analytic mean OR=0.31; 95% CI 0.16 to 0.61

Table 3  Continued
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Functional outcomes of SRs that addressed TKA

Moskal 2014 Standardized difference in means: −0.268; 95% CI −0.350 to −0.185, p=0.000
Tibial slope outliers: OR=0.474; 95% CI 0.309 to 0.729, p=0.001

Tibiofemoral mismatch

Mejer, 2014 Standardized mean difference=−0.37 (−1.67 to −0.08)

Component axial rotation

 � Mejer 2014 Postoperative rotation of the femoral component: standardized mean difference = −7° (−0.19 to 0.04)
Postoperative rotation of the tibial component=0.110.010.24)
Number of femoral rotational: pooled OR=1.05 (0.78 to 1.43)
Number of tibial rotational: pooled OR=1.12 (0.68 to 1.47)

Patient safety outcomes of SRs that addressed TKA

Allogenic blood transfusion rate

Han 2016 The difference is not statistically significant OR 0.70; 95 % CI 0.49 to 1.01; I 2=0%

Operative blood loss

Xie, 2012 No significant difference. Mean standard difference=-54.38; 95% CI -119.76 to 11.00; p=0.10)

Moskal 2014 No difference

Change in hemoglobin concentration/hematocrit before and after surgery

Han, 2016 The pooled mean difference in change of hemoglobin was −0.39 g/ dL (95 % CI −0.67 to −0.11, p=0.006; I2=75 %)
The pooled mean difference of change of hematocrit was similar in the two groups (0.24%; 95 % CI −0.89% to 0.41%; 
N.S.; I2=25%)

Postoperative blood loss via drainage

Han, 2016 The pooled standard mean difference in drainage blood loss was −83.1 mL (95 % CI −159.0 to −7.1, p=0.03; I2=75 %)

Calculated total blood loss

Han, 2016 The pooled standard mean difference in calculated total blood loss was −185.4 mL (95 % CI −303.3 to −67.5 mL; p=0.002)

Tourniquet time

Moskal 2014 CONV had significantly lower tourniquet times: standardized difference in means: 0.993; 95% CI 0.567 to 1.419, p=0.000

Allogenic blood transfusion rate

Han, 2016 The difference is not statistically significant OR 0.70; 95 % CI 0.49 to 1.01; I2=0%

Complications/adverse events

Alcelik, 2016 The OR between the MIS CA and the MIS group was 1.31; 95% CI 0.47 to 3.65, p=0.61

Cheng, 2011 (B) No significant difference (RR=1.50; 95% CI 0.44 to 5.11, p=0.51)

Bauwens 2007 Risk ratio, 0.69; 95% CI 0.44 to 1.08. There was no evidence of a difference in infection rates (risk ratio, 0.97; 95% CI 0.33 
to 2.85) or the onset of thromboembolic events (risk ratio, 0.64; 95% CI 0.31 to 1.34)

A) Cheng T, Zhang G, Zhang X. Imageless navigation system does not improve component rotational alignment in total knee arthroplasty. J Surg Res 
2011;171(2):590–600. doi: 10.1016/j.jss.2010.05.006.
B) Cheng T, Zhang G, Zhang X. Clinical and radiographic outcomes of image-based computer-assisted total knee arthroplasty: an evidence-based evaluation. 
Surg Innov 2011;18(1):15–20. doi: 10.1177/1553350610382012.
CA, computer assisted; CAS, computer-assisted surgery; CONV, conventional; KSS, Knee Society Score; MIS, Minimally invasive; NAV, navigation; ROM, 
range of motion; RR, relative risk; SR, systematic review; TKA, total knee arthroplasty; WMD, Weighted mean difference; WOMAC, Western Ontario and 
McMaster Universities Osteoarthritis Index.

Table 3  Continued

in this review did not report measures related to patient 
satisfaction, revision, and death domains and only few 
reported on adverse events domains.

By synthesizing evidence from RCTs and other compar-
ative non-randomized studies,83 SRs provide much needed 
data for the evaluation of medical devices. The Idea Devel-
opment Evaluation Assessment and Long-term (IDEAL) 
framework, allows robust evaluation of surgical innova-
tions based on its stage of development.84 85 Although 35 
of the 42 SRs were published after the publication of the 
IDEAL framework in 2009, none reported the IDEAL stage 
of the primary studies. We attribute the under-reporting of 
the IDEAL framework in the included SRs mainly to the 
lack of awareness of its existence and its value, but partly 

also because SRs are perceived as outside of the scope of 
the framework.86 We suggest including SRs in the IDEAL 
framework as they have the potential to inform the evalua-
tion and assessment phases depending on the robustness of 
the SRs and the quality of the primary studies.

Our findings also have important implications for 
journals considering SRs, in general, and on this topic 
in particular. Since the availability of the Quality of 
Reporting of Meta-analyses (QUOROM) statement in 
1999 and the PRISMA statement in 2009,25 87 most jour-
nals require adherence to these guidelines to improve 
the reporting quality of SRs. Despite the enforcement 
of these reporting requirements, confidence was low in 
all included SRs in our study. Therefore, to enhance the 
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Table 4  Outcome measures of SRS that addressed total hip arthroplasty

Functional outcomes

Harris Hip Score (HHS)dd

SR Results

Karunaratne, 2019 Long term: low-quality evidence of no difference between groups (mean difference=−2.90 (−9.04 to 3.24))

Chen, 2018 Pooled analysis of functional scores found no significant differences between robotic-assisted and conventional 
THA (weighted mean difference=0.12; 95% CI −0.09 to 0.34)

Merle d'Aubigne

Karunaratne, 2019 Short-term: no significant differences between groups (mean difference=−0.41 (−5.31 to 4.48))
Long-term: low-quality evidence of no difference between groups (mean difference=−1.25 (−3.90 to 1.41))

Chen, 2018 Pooled analysis of functional scores found no significant differences between robotic-assisted and conventional 
THA (weighted mean difference=0.12, 95% CI −0.09 to 0.34)

Radiological outcomes

The number of outliers of acetabular cups

Gandhi 2009 The statistically significant beneficial OR for the number of outliers was 0.285 (95% CI 0.143 to
0.569, p<0.001). There was no evidence of statistical heterogeneity between studies (p=0.88)

Liu 2015 No significant difference between the two groups (−1.46; CI −3.00 to −0.08, p=0.06)

Cup inclination

Xu 2014 No significant difference between the groups (MD=−0.93°; 95% CI −3.88 to 2.02, p=0.54)

Snijders 2017 Significantly better accuracy for the NAV group than for the freehand group (mean difference= −1.87; 95% CI 
−3.31 to –0.44)

Liu 2015 The weighted mean difference in inclination between conventional and imageless navigation groups was not 
statistically significant (0.2; 95% CI −1.69 to 2.09, p=0.83)

Beckmann, 2009 The weighted mean difference in inclination between conventional and computer-assisted positioning was not 
statistically significant (–0.89°; 95% CI −4.2 to 2.4)

Cup anteversion

Xu 2014 No significant difference between the groups (MD=−0.96°; 95% CI −4.29 to 2.37, p=0.57)

Snijders 2017 Significantly better accuracy for the NAV group than for the freehand group (mean difference= −3.95 (95% CI 
−5.06 to –1.42))

Liu 2015 No significant difference between the two groups in respect of mean anteversion (−0.19; 95% CI −2.98 to 2.60, 
p=0.89)

Beckmann, 2009 No statistically significant difference in mean anteversion of cups placed with and without navigational support 
−1.7% and 95% CI −4.8 to 1.5

Cup positioning outside the safe zone

Xu 2014 This difference was significant (RR=0.13; 95% CI 0.08 to 0.22, p<0.00001)

Liu 2015 RR with navigation was statistically significantly reduced (RR=0.31; CI 0.17 to 0.55, p<0.0001)

Beckmann, 2009 Statistically significantly reduced RR of cup positioning outside the safe zone with navigation: the pooled 
RR=0.2% and 95% CI 0.1% to 0.3%

Moskal 2011 Abduction safe zone: OR=1.53; 95% CI 1.01 to 2.33, p=0.0444
Anteversion safe zone: OR=1.96; 95% CI 1.33 to 2.88, p=0.0005
In both safe zones OR= 2.48; 95% CI 1.51 to 4.06, p=0.0003

Abduction (degrees)

Moskal 2011 Mean=43.08; 95% CI 41.46 to 44.71; Fisher’s p=0.5686

Anteversion (degrees)

Moskal 2011 Mean=20.17; 95% CI 16.98 to 23.36, Fisher’s p=0.9672

Leg length discrepancy

Xu 2014 The pooled results show a significant difference between the groups (Mean difference =4.61 mm; 95%
CI 7.74 to 1.48, p=0.004).

Chen, 2018 Not significantly different (weighted mean difference: −0.24; 95% CI −0.61 to 0.12, p=0.19)

Postoperative dislocation

Moskal 2011 OR=0.41; 95% CI 0.17 to 0.95, p=0.0317

Xu 2014 The difference between the groups was not significant (RR=1.44; 95% C I0.04 to 56.79, p=0.85)

Continued
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Functional outcomes

Patient safety and other outcomes

Operative time

Xu, 2014 Duration of navigated procedures was significantly longer (MD=19.87 min, 95% CI 14.04 to 24.35, p<0.00001) 
than that of conventional surgery

Chen, 2018 No significant difference between patients who underwent robotic-assisted and conventional THA: (weighted 
mean difference=23.21 min, 95% CI −3.76 to 50.09)

Deep venous thrombosis (DVT)

Xu, 2014 There was no significant difference between the groups (RR=1.21; 95% CI 0.30 to 4.98, p=0.79)

Infections

Moskal, 2011 OR=0.29; 95% CI 0.03 to 2.81, p=0.2569

Intraoperative complications

Chen, 2018 The intraoperative complication rate was significantly higher in patients who underwent conventional compared 
with robotic-assisted THA

Xu 2014 Significantly higher in patients who underwent conventional compared with robotic-assisted THA (OR=0.12; 
95% CI 0.05 to 0.34, p<0.0001)

MD, Mean difference; NAV, navigation; RR, relative risk; SR, systematic review; THA, total hip arthroplasty; WMD, Weighted Mean 
Difference.

Table 4  Continued

confidence in the evidence synthesized by SRs, journals 
may consider requiring authors to abide by a method-
ological assessment tool (eg, AMSTAR 2) in addition to 
PRISMA guidelines. We suspect that many of these addi-
tional requirements will not be burdensome to authors. 
In our umbrella review, many of the unfulfilled require-
ments for AMSTAR 2 were administrative in nature (eg, 
presence of a protocol, availability of a list of excluded 
studies and reasons for exclusion) and can easily be 
addressed to increase the transparency and raise the 
confidence level in future SRs.

To our knowledge, this is the first umbrella review eval-
uating all published SRs comparing CA and conventional 
total joint arthroplasty. We followed the umbrella review 
guidelines strictly, and conducted the study selection, data 
extraction, and quality appraisal in duplicates. We then 
summarized the evidence in a structured way. We also 
assessed the overlap bias, an important step usually under-
reported by umbrella reviews.24 Nevertheless, we must 
mention the limitations of our study. First, although we 
developed a protocol to help plan for our review, we did not 
register it, a step that would have provided more method-
ological strength for our review. Second, despite extensive 
efforts to identify all relevant SRs without language restric-
tions, it is still possible that we missed some SRs. Third, due 
to the absence of a reliable method of quantitatively synthe-
sizing the evidence from multiple meta-analyses, we narra-
tively summarized the evidence. Fourth, our extraction 
and assessment relied on the available manuscripts and 
supplemental materials. While we tried to contact the jour-
nals and authors inquiring for specific missing information, 
not all of them responded with clarification or additional 
information. Therefore, we cannot eliminate the possibility 
of underestimating the methodological quality for some 
studies because of the lack of access to relevant information.

Based on the findings of this review, we call for high 
quality SRs that can be used with great confidence to inform 
the decision on using CA TKA and THA. In addition, we 
encourage journals publishing SRs to use a methodological 
assessment tool to assess the quality of SRs. Finally, we advo-
cate for standardization of the reported outcome measures 
for CA TKA and THA to facilitate evidence synthesis and 
outcome research.

Conclusions
Our umbrella review of 42 SRs found low methodolog-
ical quality of the SRs undermining the confidence in the 
evidence synthesized by those reviews. Despite fairly high 
levels of overlap between the SRs in the primary studies 
examined, we found inconsistency in the results of the SRs 
tackling TKA and THA. Our findings suggest the need to 
improve the methodological quality of studies synthesizing 
evidence in this area to better inform clinical practice.
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