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Abstract 

Introduction Computer tomography (CT) based navigation is considered by some authors as an advance in total hip 
arthroplasty (THA). A meta-analysis was conducted to compare CT based versus conventional THA in terms of surgical 
duration of the procedure, leg length difference, acetabular cup position, and rate of dislocation.

Material and methods The present study was conducted according to the PRISMA 2020. In December 2022, 
the following databases were accessed: PubMed, Web of Science, Google Scholar, Embase with no time constrain. All 
the clinical studies comparing CT based navigation versus the conventional THA were accessed.

Results Data from 1801 procedures were collected. The mean age of the patients was 61.6 ± 5.3 years, and the mean 
BMI was 26.9 ± 2.3 kg/m2. There was between studies comparability at baseline in terms of age, BMI, pain score, Harris 
hip score, leg length discrepancy (P > 0.1). The navigated group demonstrated lower leg length discrepancy (P = 0.02), 
and lower degrees of cup anteversion (P = 0.002). Similarity was found in cup inclination (P = 0.98), surgical duration 
(P = 0.3), and the rate of dislocation (P = 0.6).

Conclusion CT guided THA may have the potential to increase the accuracy of acetabular positioning and reduce 
the leg length discrepancy. Current evidence is very limited and heterogeneous, and no recommendations can be 
inferred. Further investigations are required to definitely clarify the role of CT based THA in current practice.
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Introduction
Total hip arthroplasty (THA) restores joint function and 
patient quality of life [1, 2]. Proper implant positioning is 
necessary to achieve long term THA survivorship. Dislo-
cation, impingement, pelvic osteolysis, acetabular migra-
tion, and inlay erosion are common following acetabular 
components malposition [3, 4]. A 45° ± 10° of cup inclina-
tion and a 15° ± 10° of cup anteversion are recommended 
[5–7]. In patients with leg length discrepancy, back pain, 
gait impairment, greater rate of aseptic loosening, and 
dissatisfaction are common [8–11].

Computer tomography (CT) based THA uses algo-
rithms and tracking systems to detect anatomical fea-
tures, limb axes, and joint orientation to assist surgeons 
[12, 13]. Several studies compared CT based THA 
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versus the conventional freehand procedure [13–18]. 
Comparative studies were however not conclusive, and 
the application of CT based THA is still controversial 
[19–23]. Recently published evidence which has not yet 
been included in a systematic review evidenced that the 
CT based THA is a valuable option to perform total 
hip arthroplasty, presenting some advantages over the 
classical freehand technique [24]. A meta-analysis was 
conducted to compare surgical duration, leg length dis-
crepancy, cup anteversion and inclination, and rate of 
dislocation between these two different modalities.

Material and methods
Eligibility criteria
All the clinical investigation comparing CT based navi-
gation versus the conventional freehand THA were 
accessed. Level I to III of evidence, according to Oxford 
Centre of Evidence-Based Medicine [25], were eligible. 
Animals, in  vitro, biomechanics, computational, and 
cadaveric studies were not eligible. Given the authors 
language capabilities, articles in English, German, Ital-
ian, French and Spanish were eligible. Reviews, opin-
ions, letters, editorials were not considered. Only 
studies published in peer reviewed journals were con-
sidered. Studies which used innovative implants, mate-
rials, or experimental rehabilitation programs were not 
considered. Only studies which report the outcomes of 
CT based navigation and quantitative data under the 
outcomes of interest were suitable. Other types of navi-
gation methods (e.g. imageless) were not eligible.

Search strategy
This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses: 
the 2020 PRISMA statement [26]. The PICO algorithm 
was stated:

• P (Population): end stage hip osteoarthritis;
• I (Intervention): CT-based navigation THA;
• C (Comparison): conventional freehand THA;
• O (Outcomes): radiological parameters, surgical 

duration, dislocations.

In December 2022, the following databases were 
accessed: PubMed, Web of Science, Google Scholar, 
Embase with no time constrains. The keywords used 
for the search were: hip, total hip arthroplasty, replace-
ment, prosthesis, osteoarthritis, anteversion, inclination, 
lower limb, leg discrepancy, radiological, complications, 
dislocation.

Selection and data collection
The literature search was conducted by two authors 
(**;**) independently. Titles and abstract of interest were 
screened and the full-text of the articles of interest were 
accessed. If the full-text was not accessible, the article 
was excluded from the present investigation. The bibliog-
raphy of the full-text articles were also screened for inclu-
sion. Disagreements were debated, and the final decision 
was taken by a third author (**).

Data items
Two authors (**;**) independently performed data extrac-
tion. The following data were extracted: author and year, 
journal, study design, number of procedures, sex of the 
patients, mean age at operation, type of intervention and 
surgical approach, type of navigation system. The fol-
lowing data were retrieved at last follow-up: mean cup 
inclination and anteversion, surgical duration, leg length 
discrepancy, rate of dislocations.

Methodological quality assessment
The methodological quality assessment was performed 
using the Review Manager software version 5.3 (The Nor-
dic Cochrane Collaboration, Copenhagen). Two authors 
(**;**) evaluated the risk of bias of each included study 
using the Cochrane risk of bias tool. The following biases 
were evaluated: selection, detection, attrition, report-
ing, other source of biases. Disagreements were debated, 
and the final decision was taken by a third author (**). To 
assess the overall risk of publication bias, the funnel plot 
was evaluated. Asymmetries of the plot indicate higher 
risk of bias.

Synthesis methods
The statistical analyses were performed by the main 
author (**). For descriptive statistics, the IBM SPSS ver-
sion 25 was used. The Shapiro–Wilk test has been per-
formed to investigate data distribution. For parametric 
data, mean and standard deviation were evaluated. For 
non-parametric data, median and interquartile were 
evaluated. Mean difference (MD) effect measure was 
adopted to assess baseline comparability. Student T-test 
and Mann–Whitney U-test were performed for para-
metric and non-parametric data, with P values > 0.1 con-
sidered satisfactory. For the meta-analyses, the 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 odd ratio (OR) 
effect measure was used for dichotomic data. Heteroge-
neity was investigated using the Higgins  I2 and χ 2 tests. 
If χ 2 < 0.05 and  I2 > 75%, high heterogeneity was found. 
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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 identified 2226 articles related to 
navigated arthroplasty. Of them, 501 were duplicates. 
Further 1702 articles were excluded: did not focused 
on CT based (N = 1395), not focused on hip (N = 177), 
study type (N = 103), other (27). Further 23 studies were 
excluded as did not report quantitative data under the 

outcomes of interest. This left 9 articles for inclusion: 3 
randomized clinical trials (RCTs), 2 prospective, and 4 
retrospective clinical studies (Fig. 1).

Methodological quality assessment
Given the high ratio of non randomised studies (6 of 9 
studies), the risk of selection bias was moderate to high. 
Moreover, 67% (4 of 6) of the included studies had a 
retrospective design, which further increase the risk of 
selection bias by allocation concealment. Given the lack 
of blinding in most studies, the risk of detection bias 
was moderate-high. Attrition bias and reporting biases 
were both moderate-low, and the risk of other biases was 

Fig. 1 Flow chart of the literature search
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moderate. Concluding, the methodological assessment 
demonstrated a moderate risk of bias (Fig. 2).

Risk of publication bias
The funnel plot of the most reported outcome (cup 
anteversion) has been performed to evaluate the risk of 
publication bias. The plot demonstrated high symmetry, 
indicating a very low risk of publication bias (Fig. 3).

Study characteristics and results of individual studies
Data from 1801 procedures were collected, 58% in 
women. The mean age was 61.6 ± 5.3  years. The mean 
BMI was 26.9 ± 2.3 kg/m2.There was between group com-
parability at baseline in terms of age, BMI, VAS, Harris 
hip score, leg length discrepancy (P > 0.1). Generalities 
and patient baseline characteristics of the included stud-
ies is shown in greater detail in Table 1.

Fig. 2 Methodological quality assessment

Fig. 3 Funnel plot
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Results of syntheses
Two studies investigated surgical duration [17, 27]. The 
overall effect resulted statistically not significant (P = 0.3), 
evidencing similarity between the groups (Fig. 4).

Two studies investigated leg length discrepancy [18, 
27]. The navigated group demonstrated lower leg length 
discrepancy (MD -2.60; 95% CI − 4.75 to − 0.75; P = 0.02; 
Fig. 5).

Four studies compared cup anteversion [18, 24, 29, 
31]. The navigated group demonstrated lower degrees 

of cup anteversion (MD − 5.62; 95% CI − 9.20 to − 1.05; 
P = 0.002; Fig. 6).

Four studies compared cup inclination [18, 24, 29, 
31]. The overall effect resulted statistically not signifi-
cant (P = 0.98), evidencing similarity between the groups 
(Fig. 7).

Two studies compared the rate of dislocation [17, 
31]. The overall effect resulted statistically not signifi-
cant (P = 0.6), evidencing similarity between the groups 
(Fig. 8).

Table 1 Generalities and patient baseline of the included studies (RCT: randomised clinical trial)

Author, year Journal Design Procedures (n) Female Mean age Intervention Approach Navigation system

Confalonieri et al. 
2008 [27]

Orthopedics Retrospective 22 59% 60.4 Image Navigated Posterolateral Orthopilot

22 59% 60.8 Conventional Posterolateral

Domb et al. 2015 
[18]

Arthroplasty Retrospective 43 64.7 Image Navigated Anterior Vectorvision 3.0

708 64.7 Conventional Posterior

Haaker et al. 2007 
[16]

Arthroplasty Retrospective 98 64% 66.9 Image Navigated Anterolateral Optotrak Surigate

69 62% 63.4 Conventional Anterolateral

Kalteis et al. 2006 
[24]

Bone Joint J RCT 30 40% 63.9 Image Navigated Transgluteal Vectorvision Brain-
Lab 3.0

30 57% 64.7 Conventional Transgluteal

Leenders et al. 
2002 [28]

Wilet Interscience RCT 50 58% 61 Image Navigated Anterolateral Surgi-Gate system

50 58% 64.9 Conventional Anterolateral

Lin et al. 2011 [29] Arthroplasty Prospective 22 Image Navigated Posterior Stryker CT-Hip 
System

25 40% 63.5 Conventional Posterior

Murphy et al. 2006 
[17]

J Orthop Rel Res Prospective 185 47% 56.1 Image Navigated Transgluteal

189 50% 50.4 Conventional Transgluteal

Sugano et al. 2012 
[30]

Clin Orthop Rel Res Retrospective 60 88% 53 Image Navigated Posterolateral Optotrak UltraS-
PARC 

120 83% 53 Conventional Posterolateral

Verdier et al. 2016 
[31]

Orthop Traumatol RCT 39 54% 67 Image Navigated Anterolateral Orthopilot

39 54% 68 Conventional Anterolateral

Fig. 4 Meta-analysis of the comparison: surgical duration
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Discussion
According to the main findings of the present study, the 
current evidence demonstrated that CT based THA may 
promote more accurate cup anteversion and lower leg 

length discrepancy compared to the conventional proce-
dure. No difference was found in cup inclination, dura-
tion of surgery, and rate of dislocation between the two 
techniques.

Fig. 5 Meta-analysis of the comparison: leg length discrepancy

Fig. 6 Meta-analysis of the comparison: cup anteversion

Fig. 7 Meta-analysis of the comparison: cup inclination
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CT based THA navigation resulted in similar inclina-
tion compared to the conventional procedure. However, 
navigated THA demonstrated a more accurate cup ante-
version compared to the conventional procedure. Domb 
et  al. [18] reported that cups in navigated THA were 
placed in the safe zone [32] in 100% of patients, compared 
to 80% in the freehand THA [18]. Kalteis et al. [24] found 
that 14 of 30 cups were placed in the safe zone following 
freehand THA, and 25 of 30 of the navigated were opti-
mally placed. On the contrary, Lin et  al. [29] evidenced 
similar positioning between freehand and CT based THA 
groups: inclination was optimal in 23 of 25 freehand 
THA and 25 of 25 CT navigated THA; cup anteversion 
was optimal in 19 of 25 conventional THA and 21 of 22 
CT based THA [29]. The authors reported CT navigated 
THA is associated to more precise placement of the ace-
tabular component, with low rates of malposition [29]. 
Verdier et al. [31] found that patients who target the opti-
mal anteversion range was reached in 28 of 39 patients 
in the navigated THA, and in 17/39 of patients who 
underwent the freehand technique [31]. CT guided dem-
onstrated lower leg length discrepancy compared to the 
conventional procedure [18, 27]. Confalonieri et  al. [27] 
evidenced no difference between the two groups in pre-
operative leg length discrepancy. Postoperatively, there 
were 0.4 cm of discrepancy in CT guided THA group and 
0.8 cm in THA freehand group [27]. No post-operative 
leg length discrepancy greater than 1 cm was reported in 
any patient of the CT guided group [27]. Domb et at. [18] 
found a leg length discrepancy greater than 1 cm in 3% of 
708 patients who had undergone conventional THA, and 
none of the navigated group (N = 43) demonstrated a dis-
crepancy greater than 1 cm. Surgical duration was simi-
lar between the two procedures. Two studies investigated 
the surgical duration [17, 27]. Confalonieri et al. [27], in 

a population of 44 patients, showed a statistically longer 
surgical time with a mean time of 102.6 min in the navi-
gated group compared to 87.7  min of free hand group. 
Murphy et  al. [17], using specific instruments for CT 
based THA, reported similarity between the procedures: 
177 min in the navigated group compared to the 178 min 
in the conventional group. This study demonstrated 
that the rate of dislocation between the two techniques 
was similar. Murphy et  al. [17] found no dislocation in 
185 patients treated with CT based THA, and two dis-
locations on 189 patients were reported in the cohort of 
freehand THA. Verdier et al. [31] found one dislocation 
in the freehand group (in a female patient with exces-
sive anteversion) and none in the navigated group [31]. 
The present study indicated that CT guided THA may 
have the potential to increase the accuracy of acetabular 
positioning and reduce leg length discrepancy. To better 
identify the advantages of CT guided THA, high quality 
studies involving large cohort of patients. The current 
evidence is very limited and heterogeneous; therefore, no 
strong recommendations can be inferred. Further investi-
gations are required to clarify the role of CT based THA.

The present study has several limitations. The lim-
ited number of clinical studies and procedures included 
for analysis represent the most important limitations, 
together with, the retrospective design of most studies. 
Given the limited data available in the current literature, 
surgical approach and/or the type of implant used were 
not analyzed. The description of the surgical technique 
was adequate in most studies. The eligibility criteria were 
barely reported, and often biased. Given the limited data 
available, perioperative data (e.g. mean blood loss, trans-
fusion units), joint function, and patients quality of life 
was not possible to compare. Finally, most analyses were 
conducted using a random effect model, as the level of 

Fig. 8 Meta-analysis of the comparison: rate of dislocation
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between studies heterogeneity was high. Given these 
limitations, results from the present study must be inter-
preted with caution.

Conclusion
CT guided THA may have the potential to increase the 
accuracy of acetabular positioning and reduce the leg 
length discrepancy. The current evidence is very limited 
and heterogeneous; therefore, no strong recommenda-
tions can be inferred. Further investigations are required 
to definitely clarify the role of CT based THA in current 
practice, as it is unclear whether these reported differ-
ences, though of statistical significance translate in clini-
cal relevance in terms of better function and/ or greater 
longevity of the implants used for THA.

Abbreviations
THA  Total hip arthroplasty
CT  Computer tomography
MD  Mean difference
OR  Odd ratio
CI  Confidence interval
RCTs  Randomized clinical trials
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