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Abstract
Background Several kinds of cutting guides, including
patient-specific instrumentation, navigation, standard cut-
ting guides, accelerometer-based navigation, and robotic
guidance, are available to restore a planned alignment
during TKA. No previous study has simultaneously

compared all of these devices; a network meta-analysis is
an especially appealing method because it allows com-
parisons across approaches that were not compared head-
to-head in individual randomized controlled trials.
Questions/purposes We performed a network meta-
analysis to determine whether novel approaches to
achieving implant alignment, such as patient-specific in-
strumentation, navigation, accelerometer-based naviga-
tion, and robotic guidance, provide any advantage over
standard cutting guides in terms of: (1) hip-knee-ankle
(HKA) alignment outliers greater than 6 3°, (2) outcome
scores (1989 - Knee Society Score and WOMAC score)
measured 6 months after surgery, or (3) femoral and tibial
implant malalignment (greater than 6 3°), taken sepa-
rately, in the frontal and sagittal plane, as well as other
secondary outcomes including validated outcome scores 1
and 2 years after surgery.
Methods In our network meta-analysis, we included ran-
domized controlled trials comparing the different cutting
guides by using at least one of the previously specified
criteria, without limitation on language or date of publi-
cation. We searched electronic databases, major ortho-
paedic journals, proceedings of major orthopaedic
meetings, ClinicalTrials.gov, and the World Health
Organization’s International Clinical Trials Registry
Platform until October 1, 2018. This led to the inclusion
of 90 randomized controlled trials involving 9389 patients
(mean age 68.8 years) with 10,336 TKAs. Two reviewers
independently selected trials and extracted data. The
primary outcomes were the proportion patients with
malalignment of the HKA angle (defined as HKA > 3°
from neutral) and the Knee Society Score and WOMAC
scores at 6 months postoperatively. We combined direct
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and indirect comparisons using a Bayesian network meta-
analysis framework to assess and compare the effect of
different cutting guides on outcomes. Bayesian estimates
are based on the posterior distribution of an endpoint and
are called credible intervals. Usually the 95% credible in-
terval, corresponding to a posterior probability of 0.95 that
the endpoint lies in the interval, is computed. Unlike the
frequentist approach, the Bayesian approach does not al-
low the calculation of the p value.
Results The proportion of HKA outliers was lower with
navigation than with patient-specific instrumentation (risk
ratio 0.46 [95% credible interval (CI) 0.34 to 0.63]) and
standard cutting guides (risk ratio 0.45 [95% CI 0.37 to
0.53]); however, this corresponded to an actual difference
of only 12% of patients for navigation versus 21% of
patients for patient-specific instrumentation, and 12% of
patients for navigation versus 25% for standard cutting
guides. We found no differences for other comparisons
between different cutting guides, including robotics and the
accelerometer. We found no differences in the Knee
Society Score or WOMAC score between the different
cutting guides at 6 months. Regarding secondary out-
comes, navigation reduced the risk of frontal and sagittal
malalignments for femoral and tibial components com-
pared with the standard cutting guides, but none of the
other cutting guides showed superiority for the other sec-
ondary outcomes.
Conclusions Navigation resulted in approximately 10%
fewer patients having HKA outliers of more than 3°,
without any corresponding improvement in validated out-
comes scores. It is unknown whether this incremental re-
duction in the proportion of patients who have alignment
outside a window that itself has been called into question
will justify the increased costs and surgical time associated
with the approach. We believe that until or unless these
new approaches either (1) convincingly demonstrate su-
perior survivorship, or (2) convincingly demonstrate su-
perior outcomes, surgeons and hospitals should not use
these approaches since they add cost, have a learning curve
(during which some patients may be harmed), and have the
risks associated with uncertainty of novel surgical
approaches.
Level of Evidence Level I, therapeutic study.

Introduction

Achieving accurate alignment during TKA is important
because of concerns for premature loosening [19]. In ad-
dition, function may be impaired in the setting of marked
malalignment [39]. Nevertheless, the importance of pre-
cise alignment remains controversial. Some historical
series found an association between a neutral alignment
and aseptic loosening [3, 19, 39, 41]. Conversely, more

recent long-term series did not find this association
[36, 47].

Five types of cutting guides are currently available.
Standard cutting guides are the oldest and the most com-
monly used option. These guides rely on manual alignment
relative to the intramedullary canal or landmarks palpated
at the time of surgery (on the tibia) and angles determined
in preoperative planning (on the femur). Introduced in
1997, navigation allows surgeons to have real-time in-
formation on alignment during surgery, using a system that
includes trackers attached to bone followed by the use of an
infrared camera and software to interpret the data [6, 42].
An accelerometer is a simplified navigation system because
it allows the surgeon to determine the knee’s frontal
alignment without implantation of trackers in the patient’s
limb [15]. Developed during the 2010s, patient-specific
instrumentation uses custom-fit cutting guides manufac-
tured from a three-dimensional (3-D)model of the patient’s
knee determined with MRI or CT images obtained before
surgery [12, 23, 32]. Finally, there was a resurgence of
interest in modern robotic guidance in the last decade. It is
the most recently developed technique, in which bony cuts
are performed by a robotic arm that stops once it reaches the
targeted area, according to the surgeon’s preoperative
planning [1, 18].

However, new approaches like patient-specific in-
strumentation, navigation, standard cutting guides,
accelerometer-based navigation, and robotic guidance are
expensive [5]. They also add surgical time [2], can have
substantial learning curves, and have been associated with
unique (and sometimes serious) complications [2]. In ad-
dition, several randomized trials have suggested that they
may not improve alignment [49] (or not improve it enough
to justify the added time or cost associated with their use).
Long-term studies, when they have been available, have
found no survivorship advantages to these techniques, in-
cluding clinical function. However, these approaches have
intuitive appeal, and some other studies have indeed
demonstrated alignment advantages [21, 2]. The challenge
when synthesizing an evidence base consisting of dozens
of randomized trials is that not all of the techniques of
interest have been compared head-to-head in individual
trials. Moreover, many head-to-head randomized con-
trolled trials (RCTs) or two-by-two meta-analyses have
been conducted to compare these different cutting guides,
but they have shown contradictory results [9, 16, 20, 22,
29, 30, 33, 35, 38, 44]. No study that we know of has
simultaneously compared the different available techni-
ques. In this setting, network meta-analysis is potentially
useful [24].

This approach allows the comparison of approaches that
were not evaluated directly in individual trials. That is, if
approach A was compared with approach B in several
randomized trials, and approach B was compared with

2106 Bouché et al. Clinical Orthopaedics and Related Research®

Copyright © 2020 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



approach C in others, a network meta-analysis allows the
comparison of approach A to approach C; as such, it is a
powerful means to answer important clinical questions.

We therefore performed a network meta-analysis to
determine whether novel approaches to achieving implant
alignment, such as patient-specific instrumentation, navi-
gation, accelerometer-based navigation, and robotic guid-
ance, provide any advantage over standard cutting guides
in terms of: (1) hip-knee-ankle (HKA) alignment outliers
greater than6 3° (a more reasonable cutoff of 5° would be
preferable to a cutoff of 3° but the 5° cutoff was too rarely
reported), (2) outcome scores (1989 Knee Society Score
and WOMAC score) measured 6 months after surgery, or
(3) femoral and tibial implant malalignment (greater than
6 3°), taken separately in the frontal and sagittal plane, as
well as other secondary outcomes including validated
outcome scores 1 and 2 years after surgery.

Materials and Methods

This systematic review and network meta-analysis was
registered in PROSPERO (Number CRD42018091913)
and is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.

Search Strategy

We searched electronic databases (Medline, CENTRAL
and Embase) starting at the inception date up to October 1,
2018 using dedicated search equations adapted to each
database (see Appendix 1; Supplemental Digital Content 1,
http://links.lww.com/CORR/A362). We manually
searched three major orthopaedic journals (the Journal of
Bone and Joint Surgery American Volume, the Journal of
Arthroplasty, and Clinical Orthopaedics and Related
Research®) and conference proceedings of orthopaedic
meetings (the American Academy of Orthopaedic
Surgeons, the American Association of Hip and Knee
Surgeons, and the Société Française de Chirurgie
Orthopédique et Traumatologie) from January 1, 2005 to
October 1, 2018. We also searched ClinicalTrials.gov and
the World Health Organization’s International Clinical
Trials Registry Platform. Finally, we systematically
screened reference lists of systematic reviews and meta-
analyses for any additional references.

Study Eligibility and Selection Process

All RCTs that compared at least two types of cutting guides
and reported at least one of our predefined outcomes were

included. No restriction on language or date of publication
was applied. Exclusion criteria were TKA for an indication
other than osteoarthritis, TKA after knee osteotomy or
unicompartmental knee arthroplasty on the same knee, and
TKA revision.

Two main types of outcomes were assessed in this re-
view: the proportion of HKA outliers, defined as an HKA
angle outside the 177° to 183° range within the first
6 months postoperatively and functional outcomes at
6 months postoperatively, evaluated with either the 1989
Knee Society Score (KSS) or the WOMAC score (see
Appendix 2; Supplemental Digital Content 2, http://links.
lww.com/CORR/A363).

The secondary outcomes were malalignment of tibial
and femoral implants in the frontal, sagittal, and axial
planes, defined as an angle more or less than 3° from
the intended value within the first 6 months post-
operatively (see Appendix 2; Supplemental Digital
Content 2, http://links.lww.com/CORR/A363); functional
outcomes (1989 KSS and WOMAC score) at 1 and 2 years
postoperatively; the mean operative time, in minutes, from
skin incision to closure; and the incidence of postoperative
complications.

Two reviewers (PAB, SC) independently screened
titles, summaries, and full texts whenever necessary to
assess the eligibility of each study. Disagreements were
resolved by a third reviewer (MRR) and by contacting the
corresponding author when doubt persisted.

Selection and General Characteristics

Our search initially retrieved 1364 records. Finally, 90
RCTs with 9389 patients and 10,336 knees were included
(Fig. 1). The most frequent comparison was navigation
versus standard cutting guides in 58% (52 of 90) of the
trials. Standard cutting guides were compared with every
other type of cutting guide. Three studies directly com-
pared patient-specific instrumentation and navigation
(Fig. 2). One trial had three arms (navigation, patient-
specific instrumentation, and standard cutting guides) (see
Appendix 3; Supplemental Digital Content 3, http://links.
lww.com/CORR/A364). The risk of bias of each study
remains heterogeneous notably concerning the “sequence
generation” and “allocation concealment” (see Appendix
4; Supplemental Digital Content 4, http://links.lww.
com/CORR/A365).

Data Extraction and Risk of Bias Assessment

The same reviewers (PAB, SC) independently extracted
the data and evaluated the risk of bias using the Cochrane
risk-of-bias tool [13] in a dedicated data extraction form
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that was tested on 10 random records. When there was
disagreement, a third reviewer (MRR) was involved to
reach consensus.

We collected the following data: general study in-
formation: title, date of publication, authors, country,
contact details of the corresponding author, and funding
sources; characteristics of the study: design, inclusion and
exclusion criteria, and follow-up duration; population
characteristics: mean age, proportion of men, mean or
median values for size, weight, and BMI; cutting guide
used: standard cutting guides, navigation, patient-specific
instrumentation, accelerometer-based navigation, or ro-
botic guidance; prothesis characteristics: manufacturer,
product name, type of tibial bearing, type of fixation, and

conservation of the posterior cruciate ligament with a
posterior-stabilized system; surgical characteristics: uni-
lateral or bilateral simultaneous arthroplasty, use of a
tourniquet, surgical approach, or patellar resurfacing; and
results for outcomes of interest: frequencies of binary
outcomes, mean and SD for quantitative variables, and the
number of patients included in each group. Regarding
continuous outcomes, when the mean or SD was not
available, we estimated them from the median and the first
and third quartiles and/or ranges using approximation
formulas [14, 48] (see Appendix 5; Supplemental Digital
Content 5, http://links.lww.com/CORR/A366). The
corresponding authors were contacted if there were
missing data.

Fig. 1 This PRISMA flow chart shows the selection process of the network meta-analysis
comparing the efficacy of different cutting guides in TKA; ICTRP = International Clinical
Trials Registry Platform.
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Patient Involvement

Patients were not involved in any aspect of the study design,
conduct, or development of the research question or outcome
measures. This study is a systematic review and network
meta-analysis of existing published research; therefore, there
was no active patient recruitment for data collection.

Data Synthesis and Analysis

The unit of analysis was the knee. Binary outcomes were
compared between cutting guides using risk ratios, and
continuous outcomes were compared using mean differ-
ences with 95% credible intervals (CIs). For direct com-
parisons, we conducted a conventional meta-analysis to
synthesize the results, using random-effects models and
fixed-effects models as sensitivity analyses. We combined
direct and indirect comparisons via a network meta-
analysis using the hierarchical model of Lu and Ades
[28] with a Bayesian approach. In a Bayesian framework,
estimates are based on the posterior distribution of the
endpoint and are called credible intervals (Cis). Usually,
the 95% CI corresponding to the interval has a posterior
probability of 95% of the endpoint that lies within it.
Unlike the frequentist approach, the Bayesian approach
does not allow the calculation of the p value. Conclusions
are drawn from whether or not 1 (which corresponds to a
no-difference relative risk) or 0 (which corresponds to no
mean differences) belongs to the credible interval. We used
Markov Chain Monte Carlo to implement the model.
Binary non-informative prior distribution was used for
dichotomous outcomes and normal non-informative prior
distribution was used for continuous outcomes [46]. The
model’s convergence was assessed using Brooks-Gelman-
Rubin plots [4]. We evaluated the fit via residual deviance
[8]. We checked the assumption of transitivity by consid-
ering similarity in the distribution of age, sex, and BMI
across the different pairwise comparisons. A network dia-
gram was used for each outcome to present direct

Fig. 2 In this global network diagram, the nodes (circles)
represent different cutting blocks, and their sizes were pro-
portional to the sample size of each respective intervention.
The edges (lines) indicate direct comparisons, and their
thicknesses were proportional to the number of studies
available.

Fig. 3 Forest plots in the network meta-analysis of the relative risks of HKAmisalignments between the different cutting guides are
shown. The data are presented as risk ratios with 95% credibility intervals, which were obtained using random effects models. The I2

of the network meta-analysis was 19%.
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comparisons between interventions. We obtained a treat-
ment hierarchy using the surface under the cumulative
ranking curve and mean ranks. To evaluate the assumption
of inconsistency, we used a node-splitting approach [7],

and we compared the fit between the consistency and in-
consistency models. We statistically assessed the presence
of heterogeneity within each network comparison using the
I2 statistic. Subgroup analyses were planned for the main
outcomes according to the surgical approach and risk of
bias.We conducted sensitivity analyses for the main results
using network meta-regression analyses adjusted succes-
sively for the mean age, mean BMI, percentage of women,
and number of TKAs per study. A comparison-adjusted
funnel plot of older treatment versus newer treatment was
used to assess small study effects within each pairwise
comparison. Cutting guides were ranked in order from
oldest to newest: standard cutting guides, navigation,
patient-specific instrumentation, accelerometer-based
navigation, and robotic guidance. We used the GEMTC
R-package (version 0.8-2) for analyses and netmeta
R-package (version 0.9-8) for network diagrams in R
version 3.5.2 software (R foundation for statistical
Computing, Vienna, Austria). The quality of evidence for
the main outcomes was evaluated using the GRADE
framework [40].

Results

HKA Angle Outliers Greater Than +/- 3°

The proportion of HKA angle outliers greater than +/- 3°
was lower in the navigation group than in the patient-
specific instrumentation group (12% versus 21%, risk ratio
0.46 [95% CI 0.34 to 0.63]) and in the standard cutting
guide group (12% versus 25%, risk ratio 0.45 [95%CI 0.37
to 0.53]), with I2 = 19% (Fig. 3). Sixty-eight percent (61 of
90) of studies reported malalignment of the HKA angle.
TKA using standard cutting guides was the most used
control procedure (Fig. 4). The results of pairwise com-
parisons confirmed that navigation against the standard
cutting guide reduced the risk of malalignment of the HKA
angle (RR 0.43 [95% CI 0.36 to 0.53]; I2 = 51.2%) (see
Appendix 6; Supplemental Digital Content 6, http://links.
lww.com/CORR/A367). However, this corresponded to a
relatively small proportion of the patients being influenced
by the difference in accuracy. Robot-assisted surgery had
the highest probability of having the lowest proportion of
HKA angle outliers greater than +/- 3° but without any
significant difference (Fig. 5).

Functional Outcomes

We found no differences between the different cutting
guides either on KSS or WOMAC at 6 months.

Concerning the KSS at 6 months, the results of the
pairwise comparison confirmed those results and did not

Fig. 4 A-C These network diagrams of the main outcomes
show (A) the HKA malalignment, (B) KSS at the first 6 months,
and (C) WOMAC scores at the first 6 months.
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Fig. 5 A-C These images show rank probabilities of (A) the HKA malalignment angle, (B) delta KSS at the first 6 months post-
operatively, and (C) delta WOMAC scores at the first 6 months postoperatively for each cutting guide. The x axis represents the
ranking. The y axis represents the probability of rank: 0% to 100%. Each color represents one cutting guide: red for accelerometer-
based navigation, blue for navigation, yellow for patient-specific instrumentation, purple for robot navigation, and green for the
standard cutting guide; PSI = patient-specific instrumentation.
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indicate any differences in functional outcomes (see
Appendix 6; Supplemental Digital Content 6, http://links.
lww.com/CORR/A367). Twenty-one studies (23%)
reported the KSS at 6 months postoperatively (Fig. 4).
Navigation had the highest probability of leading to the
highest KSS mean values (Fig. 5), although no differences
were found between the different cutting guides (Fig. 6).

Concerning the WOMAC at 6 months, the results of the
pairwise comparison did not indicate any differences (see
Appendix 6; Supplemental Digital Content 6, http://links.
lww.com/CORR/A367). WOMAC scores at 6 months
postoperatively were available in five studies (5%) (Fig. 4).
Patient-specific instrumentation had the highest probability
of leading to the highest WOMAC mean values (Fig. 5),
although no differences were found between the different
cutting guides (Fig. 7).

Secondary Outcomes

In general, all tested alternatives provided some improve-
ment in overall alignment. Concerning frontal femoral
outliers +/-3°, navigation reduced their proportion com-
pared with standard cutting guides (5% versus 14%; RR
0.46 [95% CI 0.31 to 0.69]). The proportion of outliers for
frontal femoral component alignment was lower in the
accelerometer group than in the patient-specific in-
strumentation group (1% versus 11%; RR 0.23 [95% CI

0.07 to 0.69]) and in the standard cutting guide group (1%
versus 14%; RR 0.18 [95% CI 0.06 to 0.49]). Concerning
frontal tibial outliers +/-3°, navigation reduced their pro-
portion compared with standard cutting guides (5% versus
10%; RR 0.55 [95% CI 0.36 to 0.81]) and compared with
the patient-specific instrumentation group (5% versus
10%; RR 0.40 [95% CI 0.21 to 0.74]).

Regarding femoral sagittal outliers +/-3°, navigation
reduced their proportion compared with standard cutting
guides (14% versus 30%; RR 0.54 [95% CI 0.38 to 0.74])
and compared with patient-specific instrumentation (14%
versus 35%; RR 0.49 [95% CI 0.30 to 0.76]). As for tibial
sagittal outliers +/-3°, navigation reduced their proportion
compared with standard cutting guides (15% versus 24%;
RR 0.56 [95%CI 0.37 to 0.84]) and compared with patient-
specific instrumentation (15% versus 30%; RR 0.34 [95%
CI 0.18 to 0.59]). Accelerometer and standard cutting
guides reduced the proportion of outliers against patient-
specific instrumentation (2% versus 30%; RR 0.35 [95%
CI 0.11 to 0.99] and 24% versus 30%; RR 0.68 [95% CI
0.56 to 0.89]). We found no differences between groups
regarding the rotation of femoral and tibial implants (see
Appendix 7; Supplemental Digital Content 7, http://links.
lww.com/CORR/A368). For robotic guidance in sagittal,
frontal and axial alignment, we did not find any direct
comparison in the evidence.

As for secondary clinical outcomes, we observed no
differences in the KSS and WOMAC scores at 1 and 2

Fig. 6 Forest plots in the network meta-analysis of the mean difference of KSS between preoperatively and 6 months post-
operatively are shown The data are presented as the relative mean differences with 95% credibility intervals, which were obtained
using random effects models. The I2 of the network meta-analysis was 3%.
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years postoperatively between the different cutting guides
(see Appendix 8; Supplemental Digital Content 8, http://
links.lww.com/CORR/A369).

Surgical procedures using navigation were longer than
those using patient-specific instrumentation (95 minutes
versus 70minutes, mean difference 20.19 [95%CI 14.08 to
26.28] and standard cutting guides (95 minutes versus 78
minutes, mean difference 17.03 [95% CI 13.03 to 21.06])
(see Appendix 8; Supplemental Digital Content 8, http://
links.lww.com/CORR/A369). We did not find any
difference concerning accelerometer and robotic
guidance in surgical time. Direct comparisons did not
suggest any differences in postoperative complications (see
Appendix 9; Supplemental Digital Content 9, http://links.
lww.com/CORR/A370).

Grade Evaluation

We found no differences regarding distribution of age, sex,
number of participants and BMI in each comparison of the
network. An adequate random sequence generation and an
adequate treatment allocation concealment were specified
in 62% (56 of 90) and 50% trials (45 of 90) respectively.
Outcome assessors and patients were blinded in 54% (49 of
90) and in 20% studies (18 of 90) respectively. Overall, for
the items incomplete outcome data regarding radiological,
clinical, and perioperative outcomes, risk was estimated
low. In 60% (54 of 90) of studies, the lead final analysis
was intention to treat. Finally, heterogeneity for different

outcomes was low: 19% for HKA outliers, 3% for KSS at
6 months, and 1% forWOMAC. Overall, studies were well
conducted and data for our extraction was available.

We performed the GRADE evaluation for the two main
outcomes. For HKA outliers +/-3°, it suggests that the
evidence is moderate for navigation/ patient-specific in-
strumentation, navigation/standard, patient-specific in-
strumentation /standard comparison and accelerometer,
and very low for robot/standard comparison (see Appendix
10; Supplemental Digital Content 10, http://links.lww.
com/CORR/A371).

For KSS at the 6 months post-surgery, it suggests that
the evidence is moderate for

navigation/ patient-specific instrumentation, low for
navigation/standard and patient-specific instrumentation
/standard comparison, and very low for robot/standard
comparison (see Appendix 10; Supplemental Digital
Content 10, http://links.lww.com/CORR/A371). For
WOMAC at the 6 months post-surgery, it suggests that
the evidence is high for navigation/standard and moderate
for patient-specific instrumentation/standard comparison
(see Appendix 10; Supplemental Digital Content 10, http://
links.lww.com/CORR/A371).

Discussion

Although some studies have suggested that small differ-
ences in alignment matter in terms of TKA implant survi-
vorship [3, 19] and knee function [39], others have not [36,

Fig. 7 Forest plots in the network meta-analysis of the mean difference of WOMAC scores between preoperatively and 6 months
postoperatively are shown The data are presented as the relative mean differences with 95% credibility intervals, which were
obtained using random effects models. The I2 of the network meta-analysis was 1%.
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47]. In the interest of making alignment as consistent as
possible, surgeons therefore have explored a variety of
approaches, including navigation, accelerometers, patient-
specific instrumentation, and robotics. It is important to de-
termine the degree to which these approaches achieve those
goalswithout losing sight of the fact that these approaches also
have potential disadvantages, including increased cost, in-
creased surgical time, a difficult learning curve, and
unique—and sometimes severe—complications [2, 5]. A
network meta-analysis is a useful approach to synthesize a
large amount of data in this setting because this approach
allows the comparison of approaches that were not compared
directly in individual trials.We found an incremental reduction
in the risk of small (6 3°) HKA outliers when navigation was
used compared with the other approaches, but no associated
improvements in validated outcomes scores. The small
alignment benefit came with a large increase in surgical time.
Until or unless future studies can demonstrate a benefit in
terms of survivorship, knee pain, cost effectiveness, or func-
tion of navigation for these other newer approaches, based on
our findings we recommend against their widespread use.

Limitations

However, this study had several limitations. Few trials
evaluated more recent techniques, such as the use of an
accelerometer [11, 17, 21, 34, 43] or robot [25, 26], making
it difficult to assess the benefits of these two techniques in
relation to their cost. Unfortunately, we were unable to
collect clinical outcomes after 2 years postoperatively due
to the lack of information in published studies, even though
joint prostheses are expected to have a longevity of 15
years or more. Finally, the ranking results were based on
point estimate probabilities, and the results do not fully
reflect the uncertainty of the ranking as outlined by
Trinquart et al. [45]. As a consequence, we must consider
ranking results as trends rather than definitive conclusions.

We found that many trials did not evaluate clinical
outcomes; only 24 trials reported clinical outcomes. Only
three trials simultaneously evaluated our three primary
outcomes, illustrating the high level of heterogeneity re-
garding the outcomes planned and reported. In addition, the
reporting of clinical outcomes was notably heterogeneous
across trials. The WOMAC was reported with different
numeric scales, whereas the KSS was more homoge-
neously used and reported in the included RCTs [27]. Such
heterogeneity in evaluated outcomes and their definitions
makes it difficult to compare results between trials and
combinations by meta-analysis. This highlights the need to
develop recommendations and core sets of outcomes as
promoted by the Core Outcome Measures in Effectiveness
Trials (COMET) initiative [10] in the field of knee pros-
thetic replacement.

Small Improvement in HKA Alignment

We found that about 10% more patients could achieve an
HKA of within 3° of neutral when navigation was used
compared with when standard guides or patient-specific
instruments were used. We caution readers against making
too much of even this incremental difference. The evidence
is scant and contradictory that such small alignment dif-
ferences are likely to improve implant survivorship or
function [9, 20, 31] and even larger differences—such as6
5°—may not matter as much as once was thought [36]. We
would have preferred to set the cutoff to 5° or even analyze
it as a continuous variable, but the data were not available
in the studies we evaluated. Reducing the likelihood of
HKA outliers in a small minority of patients undergoing
TKA by widespread adoption of navigation would result in
substantial increases in costs and operative time [2], at least
initially.

No Improvements in Outcomes Scores

We found no evidence that these technologies improved
KSS or WOMAC scores at either 6 months, 1 year, or 2
years after TKA. For clinical outcomes, similar results
were found in other studies regarding KSS comparing
navigation, patient-specific instrumentation, and standard
cutting guides [28, 37]. Petursson et al. [37] found that
navigation had a better WOMAC after 2 years. We did not
find similar results at short or medium terms.

No Increase in Complications but Longer
Surgical Time

Navigation is often criticized because of increased opera-
tive time and the risk of iatrogenic fracture due to the pin
insertions. In this network meta-analysis, navigation in-
creased the mean operative time by 20 minutes compared
with standard cutting guides and patient-specific in-
strumentation. However, postoperative complications were
similar among all cutting guides. We were probably un-
derpowered to detected rare but serious complications.
Thus, in our view, the benefit/risk balance between a more
precise tool, such as navigation, allowing more re-
producible cuts but without evidence of an impact on
function and an increase of surgical time does not favor the
navigation approach.

Conclusions

No new approach in this study demonstrated superiority
over standard cutting guides on functional outcome, and
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the alignment differences affected few patients, were small
in magnitude, and were of questionable clinical importance.
Thus, unless these new approaches either convincingly
demonstrate superior survivorship or convincingly demon-
strate superior long-term functional outcomes, there is no
reason to use these approaches from either the patient’s point
of view or the hospital’s point of view since they add cost,
have a learning curve (during which some patients may be
harmed), and have the risks associated with novelty.
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