
Meta-Analysis

Clinical efficacy of OrthoPilot
navigation system versus
conventional manual total
hip arthroplasty: A systematic
review and meta-analysis

Cheng-long Chen1,*, Peng-fei Han1,*,
Zhi-liang Zhang1, Xiao-juan Sun2,3 and Zhi Lv4

Abstract

Objective: This study was performed to compare the clinical efficacy between the OrthoPilot

navigation system and conventional manual surgery in patients undergoing total hip arthroplasty.

Methods: The Embase, PubMed, CINAHL, and Cochrane databases were searched for

clinical trials. The outcome measurements were the anteversion angle, inclination angle, and

complications. Review Manager 5.3 statistical software was used for the data analysis.

Results: Significant differences were found in the femoral offset and overall complication

rate between the conventional and navigation groups. Additionally, the conventional group had

significantly less anteversion than the navigation group. However, the navigation group had

significantly better inclination. The operation time was significantly shorter in the conventional

than navigation group.

Conclusion: Both the OrthoPilot navigation system and conventional total hip arthroplasty

result in significant improvements in patient function with similar overall complication rates

and have their own advantages in achieving good cup position. The conventional procedure

has a shorter operation time than does use of a navigation system.
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Introduction

Total hip arthroplasty (THA) is one of the
most effective and frequently performed
operations worldwide to relieve pain and
restore function in patients with hip joint dis-
orders.1–3 Every year, more than 1 million
people worldwide undergo THA for severe
osteoarthritis with intractable or permanent
pain and dysfunction, and this number
is expected to double within the next
20 years.1,2,4 THA has completely changed
the treatment method for hip disease with
arthritis that was performed in the 1960s
and has achieved excellent long-term effica-
cy.2,5 Many scholars have devoted them-
selves to prolonging the service life of
artificial joints in patients undergoing THA
by accurately positioning the prosthesis,
reducing wear, and reducing the fretting of
the prosthesis.6,7 With the breakthroughs in
computer and artificial intelligence technolo-
gy in recent years, imageless navigation
systems have become important in the clini-
cal setting8 and are now used successfully in
total knee arthroplasty, unicompartmental
knee arthroplasty, hip arthroplasty, and
shoulder arthroplasty.9 Imageless navigation
systems are used to collect anatomic data, cal-
culate the mechanical axis of the limbs, or
determine the position of the joint intraoper-
atively through a three-dimensional optical
positioning device and without the use of pre-
operative or intraoperative images (computed
tomography, magnetic resonance imaging,
C-arm fluoroscopy, and X-ray images).9,10

In January 1997, Saragaglia et al.10 first intro-
duced the OrthoPilot imageless navigation
system (Aesculap AG, Tuttlingen, Germany)
to total knee arthroplasty. Since then,
many clinical trials have shown that

navigation-assisted operations using such sys-
tems improve precision and accuracy over
conventional manual surgery.11–15 However,
whether imageless navigation or traditional
surgery should be performed in THA remains
controversial.16 This study was performed to
systematically compare the clinical efficacy
between these two methods through a meta-
analysis and thus provide theoretical guidance
for clinical practice.

Methods

Search strategy

Following the recommendations of the
Cochrane Collaboration, studies were
retrieved from the following online
databases: Embase, PubMed, Central,
CINAHL, PQDT, CNKI, CQVIP,
WanFang Data, Cochrane Library, and
CBM from January 2008 to October 2018.
The magazine catalogs and references were
manually searched in an effort to find gray
literature such as unpublished academic
papers and chapters in monographs. All
pertinent papers were searched without
restricting the language, and articles were
translated if necessary. The keywords for
both the Chinese and English searches
were “total hip arthroplasty,” “THA,”
“imageless,” “navigation,” “conventional,”
“manual,” and “freehand.” The search
strategy was: total hip arthroplasty OR
THA AND imageless OR navigat* AND
conventional OR manual OR freehand.

Inclusion criteria

The inclusion criteria for the study were (1)
adults with severe hip disease (osteoarthritis,
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developmental dislocation of the hip, avas-

cular necrosis of the femoral head, rheuma-

toid arthritis, Paget’s disease, and similar

conditions); (2) controlled trials, prospective

studies, retrospective studies, and cohort

studies; (3) performance of THA in all

patients; and (4) comparison of the clinical

efficacy of the OrthoPilot navigation system

with conventional manual approaches.

Exclusion criteria

The exclusion criteria were (1) duplicate

publications; (2) letters, comments, editori-

als, case reports, proceedings, personal

communications, and reviews; (3) cadaveric

studies; (4) failure of the study objective or

intervention measures to meet the inclusion

criteria; (5) imprecise original documents

of the experimental design; and (6) incom-

plete data.

Data extraction and quality assessment

The data in all included trials were

extracted by two independent investigators

(C.-L.C. and P.-F.H.). Disagreement

between the two reviewers was settled by

discussion and consultation with a third

reviewer. The extracted information were

(1) the basic characteristics of the included

studies, including the article title, authors,

journal title, journal volume, and publica-

tion date; (2) methodological characteristics

of the research (e.g., randomized, con-

trolled, blinded); (3) patient characteristics

(general information about the patients,

such as sex, age, and race, as well as base-

line characteristics such as disease course

and severity); and (4) sample size, interven-

tion methods, follow-up time, and outcome

measurements.
The risk-of-bias assessment tool outlined

in the Cochrane Handbook was used to

assess the methodological quality of the

clinical controlled trials. Six domains were

evaluated: (1) random sequence generation,

(2) allocation concealment, (3) blinding of

patients and personnel, (4) blinding of out-

come assessment, (5) incomplete outcome

data, and (6) selective reporting risk.

The modified Jadad scale was used to

assess the quality of cohort studies, and

the full score was 7 points. Trials with a

score of >4 points were considered high-

quality studies. Relevant data recorded for

the analysis included the first author’s

name, published year, and sample sizes

of the OrthoPilot navigation system and

conventional manual approaches for THA.

Outcome measures

The outcome measurements were the ante-

version angle, inclination angle, complica-

tions (leg length discrepancy [LLD] and

femoral offset), and operation time.

Statistical analysis

All data analyses were conducted using

Review Manager 5.3 software (The

Nordic Cochrane Centre, The Cochrane

Collaboration, Copenhagen, Denmark).

Dichotomous outcomes are expressed as

odds ratios (ORs), and the weighted mean

difference (WMD) or standard mean differ-

ence (SMD) was used for continuous

outcomes, both with 95% confidence inter-

vals (95% CIs). Heterogeneity was tested

using both the chi-square test and I2 test.

A fixed-effects model was chosen when

there was no statistical evidence of hetero-

geneity (I2< 40%), and a random-effects

model was adopted if significant heteroge-

neity was found (I2> 75%). If heterogene-

ity was found, we checked the study

population, treatments, outcomes, and

methodology to determine the source of

heterogeneity. If it could not be quantita-

tively synthesized or the event rate was

too low to be measured, we used a qualita-

tive evaluation. Some of the studies were

eliminated for a sensitivity analysis, and
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funnel plots were created to assess the bias.

Differences were statistically significant

at p� 0.05.

Results

Search and selection

In total, 583 articles were retrieved based on

the online and manual search strategy. By

reading the titles and abstracts, 349 articles

that were unrelated to the purpose of the

study were excluded, and 62 related articles

were preliminarily screened out. The full

texts were read and the inclusion and

exclusion screening criteria were strictly

followed. Finally, 6 trials involving 779

patients were included.6,17–21 The patients’

characteristics and conditions in the includ-

ed studies were compared (sex, age, and

baseline characteristics), but no statistically

significant differences were found. The lit-

erature screening process and the results are

shown in Figure 1. The modified Jadad

scale was used to assess the quality of the

included studies. The basic characteristics

Figure 1. Flow diagram of the search strategy.
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of the included literature are presented in

Table 1.
Six studies were included in this meta-

analysis, and the heterogeneity of the

studies was estimated by the I2 test. The

methodological quality of all included clin-

ical controlled trials was high, and the pos-

sibility of bias was low (Figure 2).

Precision of anteversion

Four trials compared the anteversion angle

between the OrthoPilot navigation system

and conventional manual surgery. A fixed-

effects model was employed in the meta-

analysis with no heterogeneity (I2< 75%)

among the three study results. The results

showed a significantly lower anteversion

angle in the conventional manual group

than in the navigation group (95% CI,

3.05–5.22; p< 0.00001) (Figure 3).

Precision of inclination

Four studies compared the inclination

angle between the OrthoPilot navigation

system and conventional manual surgery.

A random-effects model was employed in

the meta-analysis because the heterogeneity
between the studies was significant
(I2¼ 91%). The meta-analysis showed that
the inclination angle was significantly
smaller in the OrthoPilot navigation
group than in the conventional manual
group (95% CI, �7.03 to �0.56; p¼ 0.02)
(Figure 4).

Complications

The data were divided into three groups
according to the preoperative LLD,
postoperative LLD, and femoral offset.
A random-effects model was employed in
the meta-analysis because the heterogeneity
between the studies was significant
(I2¼ 74%). All six trials were included,
and two groups of data showed no signifi-
cant difference between the preoperative
and postoperative LLD. However, the fem-
oral offset was significantly lower in the
OrthoPilot navigation group than in
the conventional manual group (95% CI,
�3.90 to �1.61; p< 0.00001), and the
total complication rate was significantly dif-
ferent between the two procedures (95%
CI, �3.13 to �0.49; p¼ 0.07) (Figure 5).

Table 1. General characteristics of included studies.

First author Year Study design Group Cases (n) Age (y) Sex (M/F) Outcomes

Modified Jadad

scale score

Confalonieri17 2018 Retrospective ON

CM

20

22

60.4

60.8

_ (3) 5

Ellapparadja18 2016 Retrospective ON

CM

152

57

67

72

70/82

12/45

(3) 5

Girard6 2014 Randomized ON

CM

20

20

51.3

54

10/10

3/17

(1)(2)(3) 7

Mainard19 2008 Randomized ON

CM

42

42

63.3

60.5

18/24

22/20

(1)(2) 7

Shah20 2017 Prospective ON

CM

194

150

67.2

58.3

93/109

93/80

(1)(2)(3) 4

Oh21 2018 Retrospective ON

CM

30

30

62.2

62.1

29/1

29/1

(1)(2)(4) 5

Outcomes: (1) Anteversion angle, (2) Inclination angle, (3) Complications, (4) Operation time. M, male; F, female; ON,

OrthoPilot navigation; CM, conventional manual.
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Operation time

Two studies compared the operation
time between the OrthoPilot navigation
system and conventional manual surgery.

A fixed-effects model was employed in
the meta-analysis because of the absence
of heterogeneity (I2< 75%) between the
two study results. The operation time was
significantly shorter in the conventional

Figure 3. Postoperative anteversion between the two procedures.

Figure 4. Postoperative inclination between the two procedures.

Figure 2. (a) Risk-of-bias graph and methodological quality of the included studies. This risk-of-bias tool
incorporates the assessment of randomization, blinding, completeness of outcome data, selection of out-
comes reported, and other sources of bias. The items were scored with “yes,” “no,” or “unclear.” (b) Risk-
of-bias summary. Each risk-of-bias item is presented as a percentage across all included studies and indicates
the proportional level of each risk-of-bias item.
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manual group than in the OrthoPilot

navigation group (95% CI, 8.07–19.7;

p< 0.00001) (Figure 6).

Discussion

THA is a relatively mature and widely used

procedure in orthopedic surgery.13,22 The

key to a high long-term success rate of

THA is accurate placement of the prosthe-

sis.23,24 Inaccurate placement of the prosthe-

sis will lead to false femoral head and

acetabular impact and limited mobility.25

Accurate mounting of the prosthesis requires

the surgeon to accurately position the

patient’s pelvic and femoral locations.26 In

traditional surgery, preoperative imaging

and template measurements assist in the

intraoperative placement of the prosthe-

sis.27,28 However, because of the large

number of factors affecting preoperative
imaging and the unstable position of the
intraoperative patient, the positions of
pelvis and femur change,29 causing devia-
tions between the intraoperative and preop-
erative results and ultimately affecting the
placement of the prosthesis.28 Imageless nav-
igation technology uses computer technolo-
gy to accurately correlate the preoperative
imaging data with the intraoperative anato-
my of the patient, tracks the surgical instru-
ments in real time by detecting markers and
displaying them in a virtual scene,10,30 and
transmits the information to the surgeon in
real time. Several clinical studies have shown
that imageless navigation can improve the
accuracy of prosthesis placement, thereby
reducing the occurrence of complications
such as postoperative dislocation31,32 com-
pared with traditional THA surgery.

Figure 5. Complications between the two procedures.

Figure 6. Operation time between the two procedures.
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Imageless navigation (OrthoPilot system)
can obtain three-dimensional image data
and simulate the degree of hip movement
before surgery, which facilitates preoperative
planning;16,22,33 it can also track and guide
the operation during surgery and assess the
placement of the prosthesis.33 However,
because of the high cost of computer navi-
gation equipment, complex application of
the system, and the time it takes to perform
the navigation,34 the performance of THA
under navigation remains controversial.

We selected four outcomes (anteversion,
inclination, complications, and operation
time) to fully compare the efficacy between
the two procedures. We found statistically
significant differences in the femoral offset,
overall complications, anteversion, inclina-
tion, and operation time between the two
groups. The results indicated that use of
the OrthoPilot navigation system can
achieve lower femoral offset and better incli-
nation than conventional THA; however,
the conventional manual method showed
advantages with respect to more effective
anteversion and a shorter operation time.

This systematic review included six trials,
and the methodological quality was high
for all studies. However, this analysis also
has several limitations, such as a slight risk
of bias remaining in some studies. This
might have been related to the fact that
patients should be informed about which
surgical method can be chosen and what
medical ethical problems are involved.
Incomplete outcome data, a lack of large-
sample controlled trials, and the various skill
levels among clinical surgeons may also lead
to low methodological quality and could
affect the reliability of meta-analysis results.
In the same outcome measurements system,
we analyzed up to six studies for some out-
comes and at least two studies for other out-
comes; this increased the heterogeneity
between groups. Because of the insufficient
number of included studies, we only com-
pared two important indexes (precision of

anteversion and inclination) to evaluate the

two different procedures. Additionally, con-

sidering the effects of variation in the assess-

ment methods on the assessment of THA,35

we excluded some outcome measurements.

Therefore, the above conclusions still require

further verification. This will depend on the

emergence of more randomized controlled

trials with higher quality and larger sample

sizes in the future.

Conclusion

This meta-analysis has demonstrated that

the OrthoPilot navigation system is superi-

or to conventional THA in terms of femoral

offset, precision of inclination, and total

complications. However, conventional

manual surgery showed better results in

terms of precision of anteversion and the

operation time. These results indicate that

using the OrthoPilot navigation system can

achieve lower femoral offset and better pre-

cision of inclination than conventional

THA. However, conventional THA saves

more time during the surgery than does

the OrthoPilot navigation procedure.

Studies with larger sample sizes and

longer-term results are needed in the future.
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