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Abstract

between the two interventions.

Background: There has been a growing interest in imageless navigation for primary total hip arthroplasty (THA). Its
superiority over standard THA is debated. This meta-analysis compared surgical duration, implant positioning, Harris
Hip Score and rate of dislocation of imageless navigation versus conventional THA.

Methods: The present study was conducted according to the PRISMA 2020 guidelines. All the clinical trials compar-
ing imageless navigation versus conventional for primary THA were accessed. In January 2022, the following data-
bases were accessed: PubMed, Web of Science, Google Scholar and Embase. No time constraints were used for the
search. The outcomes of interest were to compare cup inclination and anteversion, leg length discrepancy, surgical
duration, Harris Hip Score and rate of dislocation of imageless navigation versus conventional THA.

Results: Twenty-one studies (2706 procedures) were retrieved. Fifty-two percent of patients were women. There
was between-group comparability at baseline in terms of age, body mass index (BMI), visual analogue scale, Har-

ris Hip Score and leg length discrepancy (P> 0.1). Compared with conventional THA, the navigated group demon-
strated slightly lower leg length discrepancy (P=0.02) but longer duration of the surgical procedure (P<0.0001). Cup
anteversion (P=0.6) and inclination (P=0.5), Harris Hip Score (P=0.1) and rate of dislocation (P=0.98) were similar

Conclusion: Imageless navigation may represent a viable option for THA.
Keywords: Hip, Arthroplasty, Navigated, Imageless navigation

Background

Total hip arthroplasty (THA) is considered one of the
most effective and successful interventions in orthopae-
dics [1-3]. Alignment of the acetabular component and
limb length equalization are essential for a successful
THA. Cup inclination of 45°4+10° and cup anteversion of
15°+10° are considered the safe zone by most surgeons
[4, 5]. Malposition of the acetabular component increases
the risk of dislocation, impingement, pelvic osteolysis,
acetabular migration and acetabular lining wear [6-9].
Greater leg length discrepancy is associated with back
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pain, gait impairment, higher rate of aseptic loosening
and patient dissatisfaction [9-14].

Imageless navigation system, a computer-assisted pro-
cedure, exploits three-dimensional sensors positioned
during surgery to detect the anatomical features, limb
axes and joint orientation, avoiding exposure to X-rays
[15]. Imageless navigated THA is believed to be more
accurate than other techniques, as the use of these sen-
sors is believed to overcome parallax or operator pitfalls
with fluoroscopy or change in pelvis position during the
operation [16, 17]. However, whether imageless navi-
gated THA is superior to the conventional procedure in
terms of implant positioning and clinical and functional
outcomes remains controversial [18-22]. Several stud-
ies have been recently published and had not yet been
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considered in previous meta-analyses. Therefore, a meta-
analysis was conducted to compare imageless navigation
versus conventional for primary THA in terms of implant
positioning, surgical duration, leg length difference, Har-
ris Hip Score and rate of dislocation.

Material and methods

Eligibility criteria

All the clinical trials comparing imageless navigation ver-
sus conventional THA were accessed. Only studies with
levels I-III of evidence, according to the Oxford Centre
of Evidence-Based Medicine [23], were eligible. Only
studies published in peer-reviewed journals were con-
sidered. According to the authors’ language capabilities,
articles in English, German, Italian, French and Spanish
were eligible. Animal, in vitro, biomechanics, computa-
tional and cadaveric studies were not eligible. Reviews,
opinions, letters and editorials were not considered. Clin-
ical studies which reported data on revision THA were
not included. Studies combining the interventions with
innovative implants or materials, or experimental reha-
bilitation programmes, were not considered. Only stud-
ies which reported the outcomes of imageless navigation
were suitable; other types of navigation methods [e.g.
robotic, computed tomography (CT)-based] were not
eligible. Only studies which reported quantitative data
under the outcomes of interest were eligible.

Search strategy

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 checklist [24]. The PICO algorithm was
followed:

« P (Population): end-stage hip osteoarthrosis;

« I (Intervention): conventional THA;

+ C (Comparison): imageless navigated THA;

+ O (Outcomes): implant positioning, surgical dura-
tion, Harris Hip Score, dislocations.
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In January 2022, the following databases were accessed:
PubMed, Web of Science, Google Scholar and Embase.
No time constraints were set for the search. The follow-
ing keywords were used for the database search: hip,
osteoarthritis, pain, replacement, arthroplasty, prosthe-
sis, lower limb, leg discrepancy, anteversion, inclination,
radiological, complications, dislocations, Harris Hip
Score, PROMs, patient reported outcome measures.

Selection and data collection

Two authors (EM. and FE.C.) independently performed
the database search. Titles and abstract of interest were
screened. The full text of the articles of interest was
accessed. The bibliography of the full-text articles was
also screened for inclusion. Disagreements were debated,
and the final decision was taken by N.M.

Data items

Data extraction was performed by two authors indepen-
dently (EM. and E.C.) (Table 1). The following generali-
ties and patient demographics were collected: author and
year, journal, study design, number of procedures, num-
ber of women, mean age and BMI, type of intervention
and surgical approach. The following data were retrieved
at last follow-up: mean cup inclination and anteversion,
surgical duration, leg length discrepancy, Harris Hip
Score [25] and rate of dislocation.

Methodological quality assessment

The risk of bias assessment was performed by two
authors (EM. and F.C.) independently. The Cochrane risk
of bias tool (The Nordic Cochrane Collaboration, Copen-
hagen) was used. The following biases were evaluated:
selection, detection, attrition, reporting, other source of
biases.

Synthesis methods

The statistical analyses were performed by the main
author (F.M.). For descriptive statistics, IBM SPSS ver-
sion 25 was used. The Shapiro—Wilk test was per-
formed to investigate data distribution. For parametric

Table 1 Typology of data extracted at baseline, baseline and last follow-up (FU), and last FU

Data at baseline

Data at baseline and at last FU

Data at last FU

Name of first author

Year of publication

Journal of publication

Included patients (n)

Age (mean, years)

Body mass index (mean, kg/mz)

Women (%)

Length of follow-up (months) Range of motion (mean, degrees)

Leg length discrepancy (cm)
Harris Hip Score (0-100)

Cup inclination (mean, degrees)

Cup anteversion (mean, degrees)
Surgical duration (mean, min)

Rate of dislocation (number of events)
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data, mean and standard deviation were evaluated. For
non-parametric data, median and interquartile ranges
were evaluated. Mean difference (MD) effect measure
was adopted to assess baseline comparability. Student’s
t-test and Mann—-Whitney U test were performed for
parametric and non-parametric data, with P values>0.1
considered satisfactory. For the meta-analyses, Review
Manager 5.3 software (The Nordic Cochrane Collabora-
tion, Copenhagen) was used. For continuous data, the
inverse variance with MD effect measure was adopted,
while the Mantel-Haenszel method with odds ratio (OR)
effect measure was used for dichotomic data. Heteroge-
neity was investigated using the Higgins I? and y” tests.
If ¥*<0.05 and I*>75%, high heterogeneity was found.
A fixed method effect model was used as default; if high
heterogeneity was found, a random effect model was
used. The confidence interval (CI) was set at 95% in all
comparisons. Overall P values of<0.05 were considered
statistically significant.

Results

Study selection

The literature search resulted in 1456 articles. After
removal of duplicates (N=433), a further 984 articles
were not eligible: non-comparative clinical trial (N=571),
study design (N=219), experimental material/protocols
(N=84), other type of navigation system (N="77), short
length of follow-up (N=18), not peer reviewed (N=11)
or language limitations (N=4). Additionally 18 studies
were excluded as they missed quantitative data under the
endpoints of interest. Finally, 21 studies were included:
10 randomized clinical trials (RCTs) and 3 prospective
and 8 retrospective cohort trials (Fig. 1). The time inter-
val covered by the studies was from 2005 to 2018.

Methodological quality assessment

The risk of bias graph evidenced moderate risk of selec-
tion bias, which arose from the retrospective nature of
8/21 of included studies (Fig. 2). Given the lack of blind-
ing methods by most of the included studies, the risk of
detection bias was moderate. Attrition and reporting
biases were also moderate, as was the risk of other biases.

Risk of publication bias

To evaluate the risk of publication bias, the funnel plot
of the most commonly reported outcome (cup antever-
sion) was evaluated. The plot evidenced fair symmetri-
cal disposition of the referral points, which may indicate
moderate risk of publication bias. However, most of the
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referral points are contained within the range of accept-
ability (Fig. 3).

Study characteristics and results of individual studies
Overall, 2706 procedures were retrieved, of which 52%
were in women. The mean age was 64.0 £4.2 years. The
mean BMI was 27.7+1.8 kg/m? There was between-
group comparability at baseline in terms of age, BMI,
Harris Hip Score and leg length discrepancy (P>0.1).
Generalities and patient baseline of the included studies
are shown in greater detail in Table 2.

Results of syntheses

Three studies compared the surgical duration [20, 26, 33].
The final effect was not significant (?=0.1), indicating no
difference between the two groups (Fig. 4).

Cup anteversion has been evaluated by 15 studies [5,
18, 20, 27-32, 35-38]. The final effect was not signifi-
cant (P=0.6), indicating no difference between the two
groups (Fig. 5).

Cup inclination has been evaluated by 14 studies
[18, 20, 26-32, 35-38]. The final effect was not signifi-
cant (P=0.5), indicating no difference between the two
groups (Fig. 6).

Six studies compared leg length discrepancy [17, 26,
27, 32—34]. Leg length discrepancy was lower in the navi-
gated group (MD —0.56; 95% CI —1.04 to —0.08; P=0.02;
Fig. 7).

Three studies compared the Harris Hip Score [17, 22,
33]. The final effect was not significant (P=0.1), indicat-
ing no difference between the two groups (Fig. 8).

The rate of dislocation has been compared by four
studies [17, 21, 26, 38]. The final effect was not signifi-
cant (P=0.98), indicating no difference between the two
groups (Fig. 9).

Discussion

According to the endpoints evaluated in the present
study, imageless navigation was not superior to the
standard technique for primary THA. Although leg
length discrepancy was significantly lower in imageless
navigated THA, given its minimal difference, the clini-
cal relevance of this finding is limited. Cup positioning,
surgical duration, Harris Hip Score and rate of disloca-
tion were similar between the two procedures. Snijders
et al. [39] compared 255 versus 259 patients who under-
went navigated versus freehand THA, respectively. The
authors reported that navigated THA is more precise
and exhibits an improved cup positioning accuracy [39]
compared with the freehand group. Similarly, a meta-
analysis on the accuracy of cup positioning revealed that
imageless THA is preferable to traditional methods [40].
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Fig. 1 Flow chart of the literature search

The present study found no evidence of greater accuracy
implant in positioning in favour of the navigated THA.
The present study expanded the focus also to other end-
points (implant positioning, surgical duration, Harris Hip
Score, dislocations), but found no difference between the
two modalities. These findings call into question the ben-
efit of imageless THA, especially in terms of cost.
Although all the studies reported a longer surgi-
cal duration in the imageless navigated THA, the com-
parison was weighted by the high level of heterogeneity,
and no statistically difference was found between the
two groups. Imageless navigated THA is more time

demanding, especially during the pre-operative phases
[26]. The first incision is performed to place the optical
tracking arrays in the iliac crest [26]. Additional time is
required to position, drape and prep the patient again.
Further, pelvic and acetabulum registration are the
last steps which precede the beginning of the surgery
[26]. In contrast, in conventional THA, the skin inci-
sion identified the start of the operation time [26]. This
meta-analysis found similar cup anteversion between the
two procedures. Several authors reported similar cup
anteversion between the two THA groups [22, 27, 28].
Gurgel et al. [27] reported a greater anteversion of 17° in
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Fig. 3 Funnel plot of the most reported outcome (cup anteversion)

the THA navigated group compared with 15° of the con-
ventional group. In contrast, Kalteis et al. [29] found 14°
of anteversion in the imageless navigated group and 24°
in the conventional THA group. Similar considerations
can be made for cup inclination. Two authors reported
approximately 3° of difference between the THA groups
[28, 29]. Other authors reported similar cup positioning,
with less than 0.5° of difference in inclination [30, 35, 37].
In contrast, Mainard et al. [32] reported a cup inclination
of 44° in the imageless navigated cohort compared with
53° in the conventional THA. Leg length discrepancy was
similar between the two techniques. However, given the
high heterogeneity and the narrow spread of the result,
the clinical relevance of this finding is uncertain. Leg
length difference represents the absolute value of the dif-
ference between lines drawn through the inferior aspects
of both lesser trochanters and the trans-ischial tuberos-
ity line in the anteroposterior radiography of the lower
pelvis [26, 41-43]. Licini et al. [17] reported an average
leg length difference of 0.3 cm in the imageless navigated

cohort versus 1.8 cm for the conventional THA, show-
ing that leg length discrepancy was lower in the THA
navigated group. However, they found no difference in
patients’ perception of limb-length equality [17]. Similar
results were evidenced by Manzotti et al. [33]. Although
the mean pre-operative leg length discrepancy was
similar between the two groups, the conventional THA
showed a difference of4+2.6 cm on early post-operative
evaluation [33]. In contrast, other authors found no rel-
evant difference between the two cohorts [26, 27, 34].
Three studies investigated the Harris Hip Score [17, 22,
33]. All studies agreed that the two techniques provide
a similar Harris Hip Score at last follow-up [17, 22, 33].
Similar considerations can be made regarding the rate of
dislocation, with no difference between imageless navi-
gated and conventional THA [17, 26, 38].

The present study has some limitations. The limited
number of clinical studies and relative limited number
of procedures included for analysis represent the most
important limitation. Further, the retrospective design of
38% (8 of 21) [5, 17, 19, 20, 26, 33, 34, 38] of the included
studies is another important limitation. Given the lim-
ited available data in the literature, the analyses were
conducted irrespective of the surgical access and the
type of implant. The description of the surgical tech-
nique and post-operative rehabilitation was adequate in
most of studies, whereas the sample size was often too
small, and the eligibility criteria were barely reported and
often biased in many of the included studies. Few studies
reported data on the hip function and quality of life on
long-term follow-up, and few reported the mean blood
loss and the need for transfusion, which we suggest are
other variables to investigate. Future high-quality stud-
ies are required to define the advantages of imageless
navigation for THA. Given the lack of quantitative data,
we were unable to include the rate of aseptic loosening,
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Author, year Journal Design Procedures (n) Female gender Meanage MeanBMI Intervention

Brown et al,, 2014 [26] JArthroplasty Retrospective 119 57% 63.6 30.0 Imageless navigated
198 54% 64.4 30.0 Conventional

Ellapparadja et al, 2016 [19]  Hip Int Retrospective 152 54% 67.0 29.0 Imageless navigated
57 79% 72.0 288 Conventional

Gurgel et al, 2014 [27] JArthroplasty RCT 20 50% 513 274 Imageless navigated
20 15% 54.0 275 Conventional

Hohmannetal, 2011 [28]  JArthroplasty RCT 30 66.5 300 Imageless navigated
91 67.8 30.7 Conventional

Kalteis et al.,, 2005 [29] Int Orthop RCT 23 65% 63.5 280 Imageless navigated
22 59% 624 287 Conventional

Kalteis et al,, 2006 [30] Bone Joint J RCT 30 60% 63.1 276 Imageless navigated
30 57% 64.7 285 Conventional

Lass etal, 2014 [31] J Arthroplasty RCT 62 66% 65.6 276 Imageless navigated
63 54% 68.9 270 Conventional

Licini et al, 2013 [17] Orthopedics Retrospective 75 67.0 Imageless navigated
75 66.1 Conventional

Linetal, 2011 Orthopedics Prospective 25 48% 62.1 26.5 Imageless navigated
25 40% 63.5 288 Conventional

Mainard et al.,, 2008 [32] Orthopedics RCT 42 57% 63.3 Imageless navigated
42 48% 60.5 Conventional

Manzotti et al,, 2009 [33] Int Orthop Retrospective 48 722 Imageless navigated
48 720 Conventional

Nam et al,, 2013 [34] Orthopedics Retrospective 90 45% 58.7 293 Imageless navigated
90 59% 67.5 28.7 Conventional
90 60% 68.0 284 Conventional

Najarian et al,, 2009 [5] JArthroplasty Retrospective 55 65.0 27.0 Conventional
50 64.0 280 Imageless navigated
50 65.0 29.0 Imageless navigated

Oh etal, 2018 [20] JOrthop Surg Retrospective 30 15% 62.2 23.1 Imageless navigated
30 15% 62.1 24.2 Conventional

Ottersbach et al, 2005 [35]  Z Orthop Grenzgeb  Prospective 50 66% 59.2 Imageless navigated
50 56% 60.3 Conventional

Parratte et al,, 2007 [36] Rev Chir Orthop RCT 30 53% 61.2 256 Imageless navigated
30 53% 62.6 252 Conventional

Parratte et al,, 2016 [22] Clin Orthop Rel Res  RCT 30 53% 61.2 25.6 Imageless navigated
30 53% 62.6 252 Conventional

Renkawitz et al, 2016 [21]1 ~ Bone Joint J RCT 66 56% 62.5 269 Imageless navigated
69 50% 62.9 27.1 Conventional

Sendtner et al., 2010 [37] Int Orthop RCT 32 59% 68.0 280 Imageless navigated
30 63% 70.0 26.0 Conventional

Shah et al,, 2017 [18] J Arthroplasty Prospective 202 54% 67.2 295 Imageless navigated
173 46% 58.3 30.2 Conventional

Wixson et al., 2005 [38] J Arthroplasty Retrospective 82 64.0 Imageless navigated
50 61.0 Conventional
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Mean Difference

Study or Subgroup  Weight 1V, Random, 95% CI

Mean Difference
1V, Random, 95% CI

Brown et al. 2014
Manzotti et al. 2009
Oh etal. 2018

34.8% 50.40[50.12, 50.68]
34.4% 16.20[11.08, 21.32]
30.8% 2.70[-14.90, 20.30]

Total (95% ClI) 100.0% 23.94 [-4.88, 52.76]

Test for overall effect: Z = 1.63 (P = 0.10)

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of outcome assessment (detection bias)
(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

Fig. 4 Meta-analysis of the comparison: surgical duration
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Fig. 5 Meta-analysis of the comparison: cup anteversion

Study or Subgroup Weight 1V, Random, 95% CI 1V, Random, 95% CI
Gurgel et al. 2014 5.7% 2.90 [-1.67, 7.47] —
Hohmann et al. 2011 6.9% -1.60 [-4.76, 1.56] I

Kalteis et al. 2005 4.2% -9.60 [-16.19, -3.01]

Kalteis et al. 2006 5.0% -7.00[-12.45, -1.55] e —

Lass et al. 2014 7.2% 2.20[-0.61, 5.01] T
Lin et al. 2011 6.5% -1.60 [-5.28, 2.08] I —
Mainard et al. 2008 7.7% 5.00 [2.88, 7.12] —_—
Najarian et al. 2009a 6.9% -3.20[-6.34, -0.06]

Najarian et al. 2009b 7.1% -4.20[-7.09, -1.31] e —

Oh et al. 2018 6.7% -0.70 [-4.11, 2.71] T
Ottersbach et al. 2005 7.7% 0.20 [-1.86, 2.26] —_
Parratte et al. 2007 6.4% -1.80 [-5.59, 1.99] e
Sendtner et al. 2010 6.0% 0.70 [-3.47, 4.87] e ea—
Shah et al. 2017 8.1% 4.70 [3.33, 6.07] -
Wixson et al. 2005 7.8% -1.00 [-2.94, 0.94] T

Total (95% Cl) 100.0% -0.58 [-2.49, 1.33]

Heterogeneity: Tau? = 11.15; Chi® = 92.80, df = 14 (P < 0.00001); I> = 85%

10 -5 0 5 10
Favours [experimental] Favours [control]

infection, impingement or component wear in our analy-
sis. Optimal patient demographics at baseline is crucial
to obtain reliable results. Patient selection is fundamental
to conduct such studies and to minimize the risk of selec-
tion bias. Uncontrolled acute disease, such as infections
or neoplasms, may have great influence on the outcome
and generate heterogeneous results. The analyses were
conducted irrespective of the surgical access (anterior,

anterolateral, lateral, posterolateral, posterior) [44, 45].
This may generate inconsistencies [8, 14, 46]. Muscu-
lar damage or detachment, capsular repair and capsu-
lotomy may have an influence on the surgical outcome
[47-49]; however, given the lack of available data, these
points were not possible to analyse separately. Given
the lack of available data, surgical exposure (minimally
or standard invasive), type of implant, cementation and
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Fig. 6 Meta-analysis of the comparison: cup inclination
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Kalteis et al. 2005 6.9% 2.70 [-0.44, 5.84] T
Kalteis et al. 2006 7.0% -0.50[-3.48, 2.48] e

Lass et al. 2014 7.5% 0.90 [-0.67, 2.47] T

Lin etal. 2011 7.1% -2.50[-5.31, 0.31] ]

Mainard et al. 2008 7.0% -9.00[-11.98, -6.02] e —

Oh et al. 2018 6.0% -2.10[-7.02, 2.82] —
Ottersbach et al. 2005 7.2% -0.20 [-2.68, 2.28] —
Parratte et al. 2007 6.8% 1.00 [-2.40, 4.40] i
Sendtner et al. 2010 7.1% 4.40[1.79, 7.01] e
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Fig. 7 Meta-analysis of the comparison: leg length discrepancy

Mean Difference Mean Difference Risk of Bias
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Brown et al. 2014 28.3% -0.60 [-0.68, -0.52] m 0200~
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Manzotti et al. 2009 7.5% -2.50[-4.01, -0.99] —_— [ I I B2l
Nam et al. 2013 9.8% -1.20 [-2.44, 0.04] — 000:20
Total (95% Cl) 100.0% -0.56 [-1.04, -0.08] <o
Heterogeneity: Tau? = 0.21; Chi? = 53.68, df = 5 (P < 0.00001); I*> = 91% _f4 —:2 ) é i

Favours [experimental] Favours [control]

post-operative protocol were not considered for analysis
[9, 50-52]. Future investigations should overcome these
limitations. For a better understanding of the potential
of navigation surgery in imageless THA, future studies
should investigate further radiological parameters, such
as the femoral and acetabular offset as well as stem align-
ment. High-quality studies with longer follow-up would
also be beneficial to investigate range of motion, reason

for revision surgery and factors influencing the learning
curve.

Conclusion

Imageless navigation may represent a viable option for
primary THA. Compared with conventional THA, the
navigated THA group demonstrated slightly lower leg
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Fig. 8 Meta-analysis of the comparison: Harris Hip Score

(
(
(D
(E

Licini et al. 2013 91.7% 0.60[-0.01, 1.21]

Manzotti et al. 2009 4.0% -0.80[-3.72, 2.12]

Parrette et al. 2016 4.4% -1.00[-3.79, 1.79]

Total (95% CI) 100.0% 0.47 [-0.11, 1.06] N
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Test for overall effect: Z = 0.03 (P = 0.98)

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of outcome assessment (detection bias)
(D) Incomplete outcome data (attrition bias)
(E) Selective reporting (reporting bias)
(F) Other bias
Fig. 9 Meta-analysis of the comparison: dislocation

Odds Ratio Odds Ratio Risk of Bias
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Brown et al. 2014 243% 1.67 [0.10, 26.94] = 0200
Licini et al. 2013 Not estimable 000::0
Renkawitz et al. 2016 15.6% 3.18[0.13, 79.54] = (I 1TXIX]
Wixson et al. 2005 60.2%  0.20[0.01, 5.01] u 000220
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Total events
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Favours [experimental] Favours [control]

length discrepancy but longer duration of the surgi-
cal intervention. Cup positioning, Harris Hip Score
and dislocation rates were similar between the two
interventions.

Abbreviations
THA: Total hip arthroplasty; MD: Mean difference; OR: Odds ratio; Cl: Confi-
dence interval; RCTs: Randomized clinical trials.
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