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Abstract: It is controversial that whether tantalum acetabular components have more favorable clinical outcomes
for patients receiving primary or revision total hip arthroplasty (THA), compared with titanium acetabular implants.
Herein, we performed a meta-analysis to conclusively estimate the difference in the clinical outcomes between
tantalum and titanium acetabular components after THA. In this study, we used the Harris hip score (HHS), instability rate, failure rate and the incidence of gaps as indices for clinical outcomes. The Standardized Mean Difference
(SMD)/odds ratios (OR) with corresponding 95% confidence interval (CI) for each parameter was calculated. For
HHS, there was no significant difference between tantalum and titanium acetabular components for patients after
receiving THA (SMD = 0.066, P = 0.799). In terms of the instability rate and failure rate, the results demonstrated
that patients in titanium acetabular components group had significantly higher instability rate and failure rate than
those in tantalum acetabular implants (instability: OR = 0.454, P < 0.001; failure: OR = 0.448, P = 0.001). With
regard to the incidence of gaps, no significant difference was detected between the two groups (OR = 0.403, P =
0.295). In conclusion, our meta-analysis suggests that patients receiving tantalum acetabular components in THA
are more likely to have favorable clinical outcomes, compared with those receiving titanium acetabular components.
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Introduction
Total hip arthroplasty (THA), reducing pain and
improving function, is highly effective treatment for patients with end-stage arthritis of the
hip [1-3]. It has been speculated that the number of individuals in need of THA would increase
by over 170% by 2030 [2]. An epidemiological
study documented that in England and Wales
the number would be in the range of 186,893
to 805,835 for THA in 2030 [4]. THA usually
has an extremely high satisfaction rate and a
relatively low occurrence rate of complications
with a goal to reconstruct suitable offset and
maximize impingement-free range of motion
[1].
With the increasing number of primary THA procedures, there is accordingly a parallel increased number of revision THA [5]. Several
indications are regarded as to be associated
with the acetabular revision such as instability,
symptomatic aseptic loosening, osteolysis, infection and so on [6]. The uncemented compo-

nents are used more widely in THA due to better
clinical outcomes compared with cement components [6-8]. And the most commonly used
uncemented components are made of titanium
and tantalum [9]. The titanium acetabular components are beneficial for a large number of
patients receiving primary or revision THA [1012]. The tantalum acetabular implants, with a
structure similar to trabecular bone, have property of successful osseointegration [13].
Currently, there is no definitive conclusion about
whether tantalum acetabular components have
more favorable clinical outcomes for patients
receiving primary or revision THA, compared
with titanium acetabular implants. A case-control study, published in 2015, was aimed to
compare the clinical outcomes of tantalum acetabular components with titanium acetabular
implants in THA, and the results inferred that
the use of tantalum acetabular implants was
associated with lower failure rate and instability
rate [9]. However, a retrospective study, performed by Jafari and colleagues, was aimed to
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explore the clinical outcomes between tantalum and titanium acetabular components in
THA, and the data revealed that the tantalum
and titanium acetabular components had similar failure rates and instability rates [5]. Herein,
in order to comprehensively appraise the difference in the clinical outcomes between tantalum and titanium acetabular components after
the primary or revision THA, we attempted to
conduct a meta-analysis to assess the difference with Harris hip score (HHS), instability
rate, failure rate and the incidence of gaps as
indices for clinical outcomes.
Materials and methods
Search strategy
A systematic literature search was performed
using a multiple electronic databases including
PubMed (1966-2016), EMBASE (1980-2016)
and Web of science (1945-2016). The search
terms were set as “Tantalum” “Titanium” and
“hip arthroplasty”. Reference lists of relevant
literatures were manually examined for additional articles. The latest date for the literature
retrieval was January 12, 2016. Two independent reviewers evaluated the potential literatures, and the disagreements were settled by
consensus.
Inclusion and exclusion criteria
Inclusion criteria for eligible studies were as follows: (1) patients receiving the primary or revision THA; (2) patients in one arm receiving tantalum acetabular components, in the other arm
receiving titanium acetabular implants; (3)
studies reported relevant outcomes post-operation. The exclusion criteria were as follows: (1)
patients receiving arthroplasty rather than THA;
(2) non-human research; (3) duplicate data or
repeat analysis.
Data extraction
After assessing the eligibility of retrieved literatures based on our above inclusion and exclusion criteria, we collected and extracted data
elements including: the first author, year of publication, methods to detect the clinical outcomes for patients, acetabular components for
control and case groups, the head components, the age of patients, ratio of males and
the number of patients in case and control
groups.
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Statistical analysis
As previous relevant studies, we used HHS,
instability rate, failure rate and the incidence of
gaps as indices for clinical outcomes [5, 9,
14-19]. For dichotomous outcomes, the odds
ratios (OR) and corresponding 95% confidence
interval (CI) were calculated as the summary
statistics. For continuous outcomes, we calculated the SMD (Standardized Mean Difference)
with 95% CI. We used the Chi-square test to
evaluate the heterogeneity inter-included studies. The heterogeneity was expressed by I2
index. The value of I2 less than 50% represented small heterogeneity, and the MantelHaenszel (M-H) fixed-effects model was chosen
to calculate the OR with 95% CI, while the
Inverse-Variance (I-V) fixed-effects model was
adopted for the calculation of SMD and the corresponding 95% CI. If the I2 was more than
50%, the DerSimonian and Laird (D-L) randomeffects model was applied for the calculation of
both OR with 95% CI and SMD with 95% CI. The
value of P less than 0.05 was judged as statistically significant. All statistical tests were conducted with STATA 12 software (STATA Corp LP,
College Station, Texas, United States).
In this meta-analysis, the data in titanium acetabular components group (control) was regarded as reference to calculate the OR/SMD and
the corresponding 95% CI. An OR < 1 signified
the instability rate, failure rate and the incidence of gaps in control group were higher than
those in case group. A SMD < 0 revealed that
the HHS in control group was higher than that
in case group. We used both the Begg’s test
and Egger’s test to estimate the publication
bias in our meta-analysis. The significance level
was set at 0.05.
Results
According to the search strategies as described,
a total of 203 primary literatures were identified, among which 24 from PubMed, 48 from
EMBASE and 131 from Web of science. We
eliminated 45 duplications, and 159 literatures
were screened for detailed assessment through
reading the titles and abstracts. Then, 19 literatures were remained for further evaluation.
Finally, 8 literatures were eligible in our metaanalysis after full-text assessment. The flow
diagram of literature inclusion and exclusion
was displayed as Figure 1. The characteristics
of retained literatures were listed in Table 1.
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Figure 1. Flow chart of
study selection and specific reasons for exclusion
from the mete-analysis.

Evaluation of the difference in the HHS between tantalum and titanium acetabular components after THA
There were 6 eligible studies incorporated to
estimate the difference in HHS between tantalum and titanium acetabular implants after
THA, and the results were showed in Table 2.
The random-effects model was used for the
calculation of the SMD and 95% CI for HHS due
to the large heterogeneity. The SMD was positive (SMD = 0.066, 95% CI: -0.44-0.571, Figure
2) with the value of p more than 0.05 (P =
0.799), which suggested that no significant difference in the HHS was observed between tantalum and titanium acetabular components for
patients after receiving THA.
Evaluation of the difference in the instability
rate between tantalum and titanium acetabular components after THA
For the analysis of instability rate, the value of
I2 was less than 50% (I2 < 0.01%), and the fixedeffects model was selected to calculate the OR
and the corresponding 95% CI. The results
were listed in Table 3. The OR was less than 1
(OR = 0.454, Figure 3) with the 95% CI ranged
from 0.318 to 0.647, and the value of p was
less than 0.05 (P < 0.001), signifying that there
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was significant difference in the instability rate
between tantalum and titanium acetabular
components for patients after receiving THA,
and the instability rate in titanium acetabular
components group was significantly higher
than that in tantalum acetabular implants
group.
Evaluation of the difference in the failure rate
between tantalum and titanium acetabular
components after THA
Eligible data from 3 included studies were
incorporated to evaluate the difference in the
failure rate between tantalum and titanium
acetabular components after THA. The results
were described in Table 3. Considering the
extremely small heterogeneity (I2 = 3.5%), we
adopted the fixed-effects model to calculate
the OR and the corresponding 95% CI. The OR
was 0.448 (95% CI: 0.282-0.713, Figure 4),
and the value of P was less than 0.05 (P =
0.001), which revealed that there was significant difference in the failure rate between tantalum and titanium acetabular components,
and the failure rate in titanium acetabular components group was significantly higher than
that in tantalum acetabular implants group
after THA.
Int J Clin Exp Med 2018;11(7):6674-6683
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Table 1. Summary of eligible articles
Methods of defining
clinical outcomes

Acetabular components for control
group

Acetabular components for case
group

A. T. Tokarski (2015)

According to the methods of CDC

Ti acetabular components: Zimmer;
Warsaw, Indiana

Ta acetabular components: Zimmer;
Warsaw, Indiana

-

Anders Troelsen (2015)

Radiographs

Ti acetabular components: Trilogy, Zimmer, Warsaw, IN, USA

Ta acetabular components: Trabecular
Metal, Zimmer

Standard offset and a
28 mm head component

David C. Ayers (2015)

Radiostereometric

Titanium acetabular cups: Trilogy Acetabular Hip System; Zimmer, Warsaw,
Indiana

Tantalum acetabular cups: Trabecular
Metal Modular
Acetabular System; Zimmer

-

Jacob T. Munro (2013)

Radiologic outcomes

A titanium fiber metal cup: Trilogy1
Acetabular Hip System; Zimmer

Porous tantalum cup: Trabecular
MetalTM Modular Acetabular System;
Zimmer

Primary large-head,
MoM THA

Thomas A. Gruen (2005) Radiolucencies

Porous-coated titanium cups

Porous tantalum (Trabecular Metal,
Zimmer, Inc)

A

Julien Wegrzyn (2015)

Radiograph

Porous-coated titanium-alloy: Elliptical

Porous tantalum: Hedrocel

A

59 ± 12

60.47%

41/45

S. Mehdi Jafari (2010)

Radiographic

Hemispherical HAcoated titanium
acetabular cup: Stryker Orthopaedics,
Mahwah, NJ

Elliptical tantalum cetabular cup: TM;
Zimmer, Warsaw, IN

-

72 (34-91)/
66 (26-88)

55.00%

207/79

Porous-coated titanium cups

Porous tantalum: Trabecular Metal,
Zimmer, Inc

A

-

-

-

Study

Thomas A. Gruen (2011) Radiolucencies

Head components

Age (control/
case)

Gender
(male)

No (control/case

63.2 (26-92)/
64.7 (25-91)

43.58%

536/454

-

70.37%

23/23

58 ± 7

41.30%

23/23

54.6 (43-79)

63.33%

17/15

-

-

40/43

CDC: Center for Disease Control. A: A 28-mm femoral head comprised of either cobalt-chromium-molybdenum (Co-Cr-Mo) or zirconia ceramic. -: not mentioned.
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Table 2. Meta-analysis of the difference in the HHS between tantalum and titanium acetabular components in THA
Study SMD Lower Limit Upper Limit P (SMD)
I2
P (Heterogeneity) P (Begg’s Test)
HHS 0.066
-0.44
0.571
0.799 84.90%
< 0.001
0.707

P (Egger’s test)
0.667

Figure 2. Forest plot of study evaluating the difference in the HHS between tantalum and titanium acetabular components after THA.

Table 3. Meta-analysis of the difference in the instability rate, failure rate and the incidence of gaps
between tantalum and titanium acetabular components in THA
Lower
Limit
Instability rate
0.454 0.318
Failure rate
0.448 0.282
The incidence of gaps 0.403 0.074
Study

OR

Upper
P (OR)
I2
P (Heterogeneity)
Limit
0.647 < 0.001 < 0.01%
0.399
0.713 0.001
3.50%
0.335
2.207 0.295 82.10%
0.004

P (Begg’s
Test)
0.296
1.000
0.296

P (Egger’s
test)
0.147
0.817
0.159

Evaluation of the difference in the incidence of
gaps between tantalum and titanium acetabular components after THA

no significant difference in the incidence of
gaps between tantalum and titanium acetabular components after THA.

As for the difference in the incidence of gaps
between tantalum and titanium acetabular
components after THA, 3 relevant studies were
included in our meta-analysis. The results were
recorded in Table 3. The OR and 95% CI were
calculated in the random-effects model, since
there was large heterogeneity among the
included studies. Although the OR was less
than 1 (OR = 0.403, 95% CI: 0.074-2.207,
Figure 5), the value of p was more than 0.05 (P
= 0.295). And we still believed that there was

Publication bias
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The Begg’s funnel plots were constructed for
the visual examination of overt publication bias
for the incorporated case-control studies. The
funnel plot shapes presented no obvious evidence of asymmetry for all the analyses (Figure
6A-D). Then, an Egger’s test was used for further investigation, and the results were displayed in Tables 2 and 3. All the values of P
were higher than 0.05, indicating that no signifiInt J Clin Exp Med 2018;11(7):6674-6683
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Figure 3. Forest plots of study assessing the difference in the instability rate between tantalum and titanium acetabular components after THA.

Figure 4. Forest plots of study evaluating the difference in the failure rate between tantalum and titanium acetabular components after THA.

cant publication bias was found in all the
analyses.
Discussion
In this meta-analysis, our purpose was to evaluate the difference in the HHS, instability rate,
failure rate and the incidence of gaps between
tantalum and titanium acetabular components
after THA. Relevant data from 8 eligible studies
were incorporated for the analysis. And the
results showed that compared with the tanta6679

lum acetabular components, the titanium acetabular components had significantly higher
instability rate and failure rate after THA, while
in terms of the HHS and the incidence of gaps,
patients receiving the two acetabular components in THA had similar HHS and the incidence
of gaps after treatment.
THA has provided favorable clinical outcomes
for over four decades, and has been recommended to younger, more active patients with
end-stage arthritis of the hip [2, 3]. It has been
Int J Clin Exp Med 2018;11(7):6674-6683
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Figure 5. Forest plot of study estimating the difference in the incidence of gaps between tantalum and titanium
acetabular components after THA.

Figure 6. Funnel plots of studies assessing the difference in the HHS (A), the instability rate (B), the failure rate (C)
and the incidence of gaps (D) between tantalum and titanium acetabular components after THA.

estimated by projection models that there
would be an increase in demand for revision
procedures over the next several decades [20].
Instability, following primary THA, is a challenging problem and a common indication for revi-
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sion THA [21]. The revision THA is the treatment
of choice to address the instability resulting
from component dislocation [21]. The main
common causes of revision THA include instability or dislocation, mechanical loosening, and

Int J Clin Exp Med 2018;11(7):6674-6683
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infection, among which instability or dislocation
is the predominant reason accounting for
approximately 22.5% revision [22]. The incidence of dislocations is 59% within the first 3
months after surgeries and 77% within the first
year [23].
Titanium, together with its alloys, is one of the
most widely used materials for bone fixation in
THA [24, 25]. The titanium-based components
in THA have been reported to have high levels
of patient satisfaction in the long-term followup after treatment [11]. However, various types
of metallic degradation products were detected
in the periprosthetic tissues of individuals
receiving titanium-based hip components,
which may be responsible for the failure of THA
[24]. Munro et al, reported that the failure rate
of patients receiving titanium acetabular components in THA was similar with that of individuals treated with tantalum acetabular components [17]. In our meta-analysis by incorporating all relevant data together, we detected that
patients receiving titanium acetabular implants
had significantly higher failure rate and instability rate than those receiving tantalum acetabular components.
The uncemented tantalum acetabular components, introduced in 1997, possess high degree
of porosity, rough-surface micro-texture and
low modulus of elasticity [26]. When compared
with titanium acetabular components, the tantalum acetabular components have higher-value porosity, lower bulk stiffness and larger friction coefficient, which may lead to an increase
in component fixation for THA [18]. A prospective study, with 613 primary THAs rolled in,
observed that patients receiving tantalum acetabular components had excellent initial stability and apparent ingrowth during 2- to 10-year
follow-up after treated with THA [26]. In our
study, we conducted a meta-analysis, which
was a powerful and rigorous statistical method,
and observed that although patients in titanium and tantalum acetabular components
groups had similar HHS and the incidence of
gaps after THA, the instability rate and failure
rate in tantalum acetabular components group
were significantly lower than those in titanium
acetabular implants group. And we inferred
that patients receiving tantalum acetabular
components had more favorable clinical outcomes after primary or revision THA, when
compared with individuals receiving titanium
6681

acetabular implants. According to the previous
study [9], we deduced that the reason why tantalum acetabular components had more favorable clinical outcomes might be associated
with the characteristics of tantalum acetabular
implants such as the higher potential of osseointegration and the special three-dimensional
structure of the surface.
The HHS, which is firstly published in 1969, is a
clinician-based outcome measure for a variety
of hip disabilities and approaches of treatment
[27]. The HHS, whose validity and reliability
have been confirmed, is commonly used to
assess the clinical outcome of THA [28-30].
There are 10 items in HHS with the domains
related to the ability of motion, pain, absence of
deformity and pain [27]. The data from a randomized controlled trial that was published in
2011 demonstrated that the HHS in tantalum
acetabular components was significantly higher than that in titanium acetabular components
after THA [14]. However, relevant clinical studies published in 2015 exhibited different
results [16, 18]. In our study, we selected the
HHS as one parameter of the clinical outcomes
for patients receiving the titanium or tantalum
acetabular implants in THA, and with a large
sample size, our results signified that the HHS
in patients with the two implants was similar.
This meta-analysis has some limitations that
should be taken into consideration. Firstly, the
heterogeneity in the analyses of HHS and the
incidence of gaps was significant, which might
be resulted from the incorporated studies of
these two analyses that included patients
receiving both the primary and revision THA.
With more relevant studies available, the subgroup analysis based on the primary or revision
THA should be performed. Secondly, the followup periods of the included studies were not
exactly the same, which might cause bias in our
results. Additionally, the unpublished literatures were not considered in our meta-analysis
due to the unavailable raw data.
The current meta-analysis suggests that considering the instability and failure in primary or
revision THA, patients receiving tantalum acetabular components are more likely to have
favorable clinical outcomes after THA, when
compared with those receiving titanium acetabular components. And the tantalum acetabular components should be recommended to
patients treated with THA.
Int J Clin Exp Med 2018;11(7):6674-6683
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