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ABSTRACT 
This meta-analysis was performed to summarize and compare the diagnostic 

performance and diagnostic accuracy of radiographic and scintigraphic 
techniques in the evaluation of patients suspected of having aseptically loose 
acetabular components. Twenty-eight studies, published between January 1975 
and October 2004, presented sufficient data for quantitative analysis. The pooled 
sensitivity and specificity rates for plain radiography were 70% (95% 
confidence interval [CI] = 59%-79%) and 80% (95% CI = 73%-86%), 
respectively; those for subtraction arthrography were 89% (95% CI = 84%-93%) 
and 76% (95% CI = 68%-82%), respectively; and those for nuclear arthrography 
were 87% (95% CI = 57%-97%) and 64% (95% CI = 40%-82%), respectively. 
Finally, bone scintigraphy had a sensitivity of 67% (95% CI = 57%-76%) and a 
specificity of 75% (95% CI = 64%-83%). We found a significantly higher 
sensitivity for subtraction arthrography as compared with plain radiography and 
bone scintigraphy. Therefore, subtraction arthrography is recommended for use 
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as an additional diagnostic technique when plain radiography is found to be 
inconclusive.  

 
Hip arthroplasty is one of the most successful ways of treating patients who are suffering 

from painful and diseased hips. However, with the increasing number of patients who are 
being treated with hip arthroplasties, the number of complications and failures is increasing 
as well. Some authors have suggested that 10% of all prostheses will fail within 10 years 
after implantation, mostly because of aseptic loosening [1]. Because this condition requires 
major surgery, accurate diagnosis of loosening is required preoperatively. Apart from 
unnecessary morbidity, delayed diagnosis may cause bone loss, potentially complicating 
revision surgery. On the other hand, revision surgery also carries significant morbidity.  

In clinical practice, diagnostic evaluation of a suspected loose hip prosthesis is often based 
on, in addition to clinical evaluation, the use of imaging techniques (eg, plain radiography 
and bone scintigraphy). Therefore, for a physician, knowledge regarding the reliability and 
validity of these tests is a prerequisite. However, controversy regarding the optimal 
evaluation and performance of the various tests used for this clinical problem exists [2], [3], 
[4], [5], [6], [7], [8], [9] and [10]. This debate may be augmented by the fact that the 
arthrographic techniques are invasive, thus imposing morbidity.  

The diagnostic evaluation of acetabular components is more complex than that of femoral 
components [7], [11] and [12]. For some authors, this has been a reason to exclude 
acetabular components in studies evaluating the diagnostic performance of nuclear and 
radiographic imaging techniques [13] and [14]. On the other hand, other authors reported 
only on the diagnosis of acetabular cup loosening [4], [15] and [16].  

In the present study, we systematically reviewed relevant studies to estimate the accuracy 
of plain radiography, subtraction arthrography, nuclear arthrography, and bone scintigraphy 
with respect to the assessment of acetabular components suspected of being aseptically 
loose.  

MATERIALS AND METHODS 

Identification of Studies 
To identify relevant studies, we conducted a comprehensive computer literature search 

using the PubMed and EMBASE databases using the guidelines developed by Deville et al 
[17]. We used combinations of keywords and medical subject headings to identify original 
full-length articles on the use of plain radiography, subtraction arthrography, nuclear 
arthrography, and bone scintigraphy in patients suspected of having hip prosthesis loosening.  

A sensitive search strategy was used, yielding an excess of 3400 hits, all of which were 
checked for relevance using their titles and abstracts. Our search was completed by manually 
reviewing the reference lists of the retrieved articles, textbooks, and reviews to identify 
additional studies. We made no attempt to include conference proceedings and unpublished 
data. Our search strategy was limited to articles published in the English language, human 
adult studies, and studies published between January 1975 and October 2004. The search 
strategy can be found in the addendum of this study.  

Study Selection 
Studies were selected independently by 2 authors (OT and PR) and reviewed with regard to 

their eligibility for detailed analysis. A consensus was reached in the case of disagreement. 
We included studies that (1) evaluated the diagnostic performance of plain radiographs, 
subtraction arthrograms, nuclear arthrograms, or bone scans in patients suspected of having 
hip prosthesis loosening, (2) used a minimal 1-year follow-up period or operation as the gold 
standard, (3) included at least 10 patients, (4) presented data in enough detail to enable us to 
calculate index test characteristics (ie, sensitivity and specificity), and (5) described 
aseptically loose prostheses only. In the case of an unclear or undifferentiated patient group 
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with regard to septic or aseptic loosening of an acetabular component, the study was 
rejected. Reviews, abstracts, editorials, letters, and comments were excluded. During the 
study selection, the reviewers were not blinded from the authors and publication sources.  

Assessment of Methodological Quality 
Quality analysis of selected studies was independently performed by the 2 reviewers (OT 

and PR) using a modified version of the checklist designed by the Cochrane Methods Group 
on Systematic Review of Screening and Diagnostic Tests [18]. The criteria cover 2 
dimensions: internal validity (used to assess the methodological quality of studies) and 
external validity (used for key characteristics of included studies; eg, scanning protocols, 
interpretation criteria). In the case of poor reporting or when not explicitly mentioned, the 
items were scored as “can't tell.” To categorize studies with regard to their strength of 
evidence, we used the criteria as described by the Centre for Evidence-Based Medicine of 
the National Health Service Research and Development 
(http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_loca
tor=url&_plusSign=%2B&_targetURL=http%253A%252F%252Fwww.cebm.net). These 
criteria describe 5 levels of evidence that correspond to grades of recommendation. Level 1 
indicates that the reference standard used in a study is applied independently or in a blinded 
fashion; this corresponds to a high grade of recommendation (grade A). Level 4 describes a 
reference standard that is not applied independently and is not assessed blindly; this 
corresponds to a low grade of recommendation (grade C).  

In the case of disagreement between the reviewers, consensus was reached by discussion.  

Data Extraction 
Data were independently extracted by 2 reviewers (OT and PR) and included demographic 

and implant characteristics (eg, age, sex, type of prosthesis, and prosthesis life span). A 
detailed analysis was performed with regard to the imaging procedures, image interpretation, 
and the effects of time as determined by the publication date to form subgroups when 
possible. Finally, data regarding prevalence of loosening and the diagnostic performance 
indexes (eg, sensitivity and specificity) of the imaging test were recorded.  

Data Synthesis and Statistical Analysis 
Contingency tables with 2 × 2 dimensions were extracted from the original data and used to 

calculate the true-positive rate (sensitivity), the true-negative rate (specificity), the false-
positive rate (1−specificity), and the diagnostic odds ratio (DOR) [17], [19], [20], [21] and 
[22]. The DOR is a measure of diagnostic test performance and describes the ratio of the 
odds of obtaining a positive test result in the patients with a loose acetabular component 
divided by the odds of a positive test result in healthy subjects. A DOR higher than 1 
indicates discriminative power; the higher the DOR of a test, the higher the discriminative 
power.  

Heterogeneity of the sensitivity and specificity across the studies was tested using a χ2 test 
or the Fisher exact test with k−1 degrees of freedom (k = number of studies). Pooling of data 
was performed if sensitivity and specificity were homogeneous [17] and [19]. In the case of 
heterogeneity, a Spearman rank correlation coefficient (ρ) was calculated to measure the 
extent of correlation between sensitivity and specificity. If ρ was lower than −0.40, variation 
between studies is most likely explained by different cutoff points and a summary receiver 
operating characteristic curve may be modeled [17]. For diagnostic techniques showing a 
correlation coefficient higher than −0.4, heterogeneity was explored by subgroup analysis 
[17]. This subgroup analysis was performed using a univariate meta-regression analysis to 
evaluate the effect of prosthesis characteristics, contrast media, and the internal as well as 
external validity criteria on diagnostic accuracy (DOR). A Galbraith plot was constructed to 
identify outlier studies [23]. Finally, we explored the heterogeneity of the DORs [24]. In the 
case of remaining heterogeneity between studies, a random effects model was chosen [17] 
and [24]. The logit-transformed sensitivity, specificity, and corresponding 95% confidence 
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intervals (CIs) of the index tests were compared using z-test statistics. A P value lower than 
.05 was considered significant.  

[TABLE 1] 

RESULTS 

Descriptive Analysis 
The previously described selection criteria yielded 134 articles eligible for further analysis. 

Twenty-eight of these presented sufficient data for quantitative analysis, and these are the 
basis of the present analysis [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [15], [25], 
[26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38], [39] and [40]. The 
characteristics of the included studies are shown in Figs. 1 and 2 as well as Tables 1 and 2. 
We identified 22 comparative studies combining various imaging techniques in the 
assessment of the acetabular component [2], [3], [5], [6], [8], [9], [10], [11], [12], [25], [26], 
[27], [28], [29], [31], [32], [33], [34], [36], [37], [38] and [40]. The remaining 6 studies 
involved contrast arthrography, plain radiography, or bone scintigraphy alone [4], [7], [15], 
[30], [35] and [39]. Eight studies dealt with cemented components [3], [4], [7], [8], [9], [10], 
[27] and [40], whereas 3 dealt with uncemented cups [5], [10] and [15]. Eighteen studies did 
not provide differentiated results in this respect [2], [6], [11], [12], [25], [26], [28], [29], 
[30], [31], [32], [33], [34], [35], [36], [37], [38] and [39]. The patients were between 17 and 
92 years old. In 5 studies, no information was reported regarding sex [4], [7], [11], [23] and 
[27]; in 7, data regarding age had not been reported [4], [7], [11], [23], [24], [27] and [30].  

[FIGURE 1] 

[FIGURE 2] 

[TABLE 2]  

Qualitative Analysis 
With regard to the internal validity criteria, there was disagreement between the observers 

in 56 of the 224 scores. None of the 28 included studies was considered as a level-A 
recommendation for diagnostic studies (Table 2). All had a level-of-evidence 4, mostly 
because of the presence of verification bias. Verification bias was present when the decision 
to perform an operation was based on the outcome of the imaging technique that was 
investigated. There was no randomized study, and 3 studies were prospective [32], [33] and 
[40]. In 9 studies, not all of the patients underwent a valid reference test [7], [8], [11], [29], 
[31], [33], [34], [35] and [39]. Only patients who underwent a valid reference test (as 
described previously) were included for further analysis. In 10 studies, both the femoral and 
acetabular components were described and both cemented and uncemented cups were 
included [6], [10], [12], [28], [32], [33], [34], [35], [36] and [37]. Patients were included 
consecutively in 7 studies [5], [6], [8], [12], [25], [28] and [40]. Inclusion criteria had not 
been described in 9 studies [2], [11], [15], [29], [30], [31], [32], [34] and [35]. In 9 studies, 
patients with comorbid conditions were included, possibly influencing arthrography [3], 
[10], [15], [26], [27], [32], [38], [39] and [40].  

Quantitative Analysis 
Because we identified evidence of statistical heterogeneity in studies describing all 4 

modalities, we used a random effects model to derive summary estimates of test 
performances for these studies. We found no correlation between the methodological quality 
of the studies and the diagnostic performance of the 4 modalities. Further evaluation of the 
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heterogeneity by means of meta-regression and subgroup analysis (ie, prosthesis 
characteristics, internal validity criteria) did not identify any source of heterogeneity.  

Plain radiography had pooled sensitivity and specificity rates of 70% (95% CI = 59%-79%) 
and 80% (95% CI = 73%-86%), respectively. Six studies investigated the diagnostic 
performance of plain radiography for cemented components [3], [4], [8], [9], [27] and [40]. 
The pooled sensitivity of radiography of cemented acetabular components was 81% (95% CI 
= 66%-90%), and we found a pooled specificity of 83% (95% CI = 70%-91%). Only 2 
studies described the use of plain radiography for evaluating uncemented acetabular 
components; these reported an accuracy of 76% and 98% [5] and [15].  

Subtraction arthrography revealed a significantly higher sensitivity as compared with plain 
radiography and bone scintigraphy (P < .05) and had an overall sensitivity of 89% (95% CI = 
84%-93%) and a specificity of 76% (95% CI = 68%-82%). Ovesen et al [40] reported the 
only study describing results for cemented acetabular components and found a sensitivity of 
94% (95% CI = 80%-99%) and a specificity of 91% (95% CI = 70%-99%).  

Nuclear arthrography had an overall sensitivity of 87% (95% CI = 57%-97%) and a 
specificity of 64% (95% CI = 40%-82%). Only 2 studies distinguished between cemented 
and uncemented acetabular components [9] and [10].  

Bone scintigraphy had an overall sensitivity of 67% (95% CI = 57%-76%) and a specificity 
of 75% (95% CI = 64%-83%). Five studies described the accuracy of bone scintigraphy for 
cemented components [7], [8], [10], [27] and [40]. Pooled sensitivity was 63% (95% CI = 
38%-82%), and specificity was 76% (95% CI = 53%-90%). Only one study described the 
use of bone scintigraphy for uncemented femoral components; it reported a sensitivity of 
75% (95% CI = 61%-85%) and a specificity of 41% (95% CI = 18%-67%) [10]. The 
summary estimates of eligible studies on the various imaging techniques are shown in Table 
3.  

[TABLE 3] 

DISCUSSION 
In this systematic review, we assessed the present evidence on plain radiography, 

subtraction arthrography, nuclear arthrography, and bone scintigraphy in the diagnosis of 
aseptic loosening of an acetabular component of a total hip prosthesis. Using the data of the 
28 included studies, we found pooled sensitivity and specificity rates of approximately 70% 
and 80%, respectively, for plain radiography. Subtraction arthrography has a sensitivity and 
a specificity of approximately 89% and 76%, respectively. Nuclear arthrography has a 
sensitivity and a specificity of 87% and 64%, respectively. Finally, bone scintigraphy has a 
sensitivity and a specificity of approximately 67% and 76%, respectively. Subtraction 
arthrography had a significantly higher sensitivity as compared with bone scintigraphy and 
plain radiography. The pooled specificity of the 4 diagnostic techniques did not show 
significant differences.  

During our data analysis, we identified considerable heterogeneity between the reported test 
performances of the eligible studies. Unfortunately, subgroup analysis of prosthesis 
characteristics (eg, use of screw fixation, press-fit prostheses, type of porous coating) could 
not be performed owing to a limited description of prosthesis characteristics in most studies. 
Description of contrast media and the internal and external validity criteria did not identify 
any source for this heterogeneity. Furthermore, a visual inspection of the plots of sensitivity, 
specificity, and DOR did not identify a specific outlier study that could explain the 
heterogeneity within a group. One of the explanations for the unexplained heterogeneity is 
the lack of standard interpretation criteria. Furthermore, a cause for heterogeneity may be the 
patient population or case mix. It is apparent that test performances, specifically in the case 
of diagnostic studies, may fluctuate in the case of varying distributions of component 
loosening. However, in the present study, analysis of the source of the population (eg, 
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teaching hospitals, nonreferred patients) did not identify these as a source of heterogeneity. 
Similarly, subgroup analysis did not identify internal and external validity criteria as a source 
of variability between studies. Therefore, the meta-analytic results of this study may 
represent the most likely estimate of test accuracy [19] and [41].  

Quality analysis of the selected studies was performed using a modified version of the 
checklist designed by the Cochrane Methods Group on Systematic Review of Screening and 
Diagnostic Tests [18]. However, there are other checklists available for quality assessment 
(eg, Arrive et al [42]). Although there are similarities between the method we used and that 
cited by Arrive et al [42] (eg, study design, reference standard, inclusion/exclusion criteria, 
spectrum of patients, avoidance of verification bias), we applied the former method based on 
both thoroughness of the current criteria and our experiences [43]. Our qualitative analysis of 
the eligible studies identified a number of methodological limitations regarding study design, 
data collection, and data reporting. In many diagnostic studies with an invasive reference 
test, such as surgery, much more positive than negative test results are verified [41] Hence, 
the decision to perform the gold standard (surgery) depends on the results of the diagnostic 
test, resulting in a possible verification bias. Indeed, this review showed that most included 
studies only used the results of hip revision surgery as the gold standard. On the other hand, 
verification bias may be less prominent in these studies because acetabular component 
loosening and femoral component loosening may induce a surgical exploration of the hip 
prosthesis. Hence, also cups that were identified as fixed have been explored by surgery. The 
highly variable prevalence of cup loosening, ranging from 13% to 93%, illustrates the 
differences in patient selection for hip revision surgery.  

Other limitations of the included studies relate to the incomplete reporting of methods 
applied; however, to a certain extent, this may have been imposed by journal editors. Only a 
limited number of studies reported data in sufficient detail to enable us to perform a 
subgroup analysis. For example, 8 of the 19 studies concerning plain radiography described 
subgroups for cemented or uncemented prosthesis. Because only 2 studies reported data 
concerning uncemented acetabular components, a comparison between these 2 groups, 
although of relevance for the clinician, was impossible. Furthermore, none of the eligible 
studies described observer variability.  

Apart from limitations in the methodological quality of the eligible studies, there are those 
related to meta-analyses, such as publication bias. It is speculated that studies of good quality 
or those that show encouraging results have a higher likelihood of being published as 
compared with studies of low methodological quality or those with negative results [41]. 
This could consequently result in an overestimation of test performance, whereas meta-
analyses of diagnostic techniques are specifically susceptible to this form of bias. With 
regard to the current study, this is possibly illustrated by the number of publications and 
consequently the sample size of the studies concerning nuclear arthrography. Only 4 studies 
have been published regarding this technique, whereas 10 studies could be included for 
subtraction arthrography. Although a methodologically perfect study is often not feasible in 
clinical practice because of ethics- or patient-related issues, methodologically imperfect 
studies are likely to provide biased results [41]. It is however possible for diagnostic 
accuracy studies to improve study designs. For example, an independent blind comparison of 
diagnostic images and the reference test avoids review bias.  

CONCLUSION 
In this systematic review, we found a significantly higher pooled sensitivity for subtraction 

arthrography as compared with plain radiography and bone scintigraphy. Therefore, it seems 
justified that plain radiography, which is often used as a baseline technique in the evaluation 
of hip prostheses, should be complemented by subtraction arthrography when found 
inconclusive. However, several studies showed methodological limitations. Therefore, 
considering future studies, we hope that investigators will improve their study designs. The 
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use of properly blinded interpreters in combination with a consecutive selection of a relevant 
spectrum of patients, with clear eligibility criteria and presentation of results, will improve 
the methodological design significantly.  
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