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Despite an increasing number of studies examining the effect of Single-Photon Emission Computed Tomography/
Computed Tomography (SPECT/CT) on improvement of diagnosis of aseptic loosening, there is still a great deal of
uncertainty regarding its applicability in diagnostic algorithm. Therefore, in this meta-analysis, we aimed to investigate
the diagnostic performance of SPECT/CT for identification of aseptic loosening in patients with persistent pain following
the total knee arthroplasty (TKA) and total hip arthroplasty (THA).

Electronic databases including Medline, Scopus, Web of Science, Cochrane library, and Embase were systematically
searched for identifying relevant published studies from their inception to April 2023. Quality evaluation of the included
studies was carried out using Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2).

SPECT/CT had pooled sensitivity of 94% (95% CI: 92-95%) and pooled specificity of 86% (95% CI: 83-89%) for diagnosis
of aseptic loosening. The pooled positive likelihood ratio (LR) was estimated as 6.92 (95% CI: 3.74-12.81), the pooled
negative LR was estimated as 0.1 (95% CI: 0.06-0.16), and the pooled diagnostic odds ratio (DOR) was estimated as 89.82
(95% CI: 33.04- 244.21). The Summary receiver operating characteristics (SROC) analysis revealed high accuracy with
an area under curve (AUC) of 0.96.

The findings of this meta-analysis revealed that SPECT/CT has high sensitivity and specificity for diagnosis of aseptic
loosening in patients who underwent TKA or THA. Therefore, SPECT/CT can be considered as an encouraging diagnostic
adjunct, particularly in cases with uncertain results of bone scan.

Keywords: Total knee arthroplasty, total hip arthroplasty, single-photon emission computed tomography, computed tomography,
meta-analysis, Aseptic loosening.

INTRODUCTION

Hip and knee arthroplasties as elective surgical
procedures are commonly performed for treatment of
osteoarthritis that limits activities of daily living of
the patients'>. It has been reported that approximately
620000 knee arthroplasties and 285000 hip arthro-
plasties are performed annually in the USA which
continue to increase in occurrence in the next few
years* . It has also been estimated that by the year

2030, annual procedures of knee and hip in the USA
rise to 3.48 million and 572000, respectively®”’.
Although hip and knee arthroplasties commonly
improve quality of life of the patients, persistent pain
is reported in a significant proportion of the patients.
This dissatisfaction due to recurrent or persistent pain
can lead to some form of revision arthroplasty for
approximately 10% of the patients®®. Identification of a
single cause for persistent pain following the total knee
arthroplasty (TKA) and total hip arthroplasty (THA)
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is challenging as there are different possible causes
including aseptic loosening, infection, patellofemoral
disorders, prosthetic malposition, instability, and
arthrofibrosis. It is imperative to differentiate aseptic
loosening which needs surgical management from
other causes which may be managed non-surgically,
thereby improving the treatment of patients®!. Initial
workup typically includes a detailed history, clinical
examinations, and plain radiography. Moreover, in
complex cases, other 3D imaging modalities such as
magnetic resonance imaging (MRI), computed tomo-
graphy (CT), radionuclide arthrography, and bone
scintigraphy can also be used for diagnosis of aseptic
loosening. However, since these imaging modalities
still fail to accurately diagnose aseptic loosening, a
standardized diagnostic algorithms for evaluation
of suspected cases has not yet been established!.
For evaluation of suspected patients, combination of
single photon emission tomography with computed
tomography (SPECT/CT) as a recent advancement
has been increasingly used to improve the diagnostic
accuracy for identification of aseptic loosening. Hybrid
imaging with SPECT/CT can accurately identify the
increased metabolic activity of periprosthetic bone
and correlate it to the morphological and anatomical
information of CT'>13,

Despite an increasing number of studies examining
the effect of SPECT/CT on improvement of diagnosis
of aseptic loosening, there is still a great deal of
uncertainty regarding its applicability in diagnostic
algorithm. Therefore, in this meta-analysis, we aimed
to investigate the diagnostic performance of SPECT/
CT for identification of aseptic loosening in patients
with persistent pain following the TKA and THA.

METHODS

This systematic review and meta-analysis was carried
out according to the recommendations of Preferred
Reporting Items for Systematic reviews and Meta-
analysis (PRISMA) extension for Diagnostic Test
Accuracy (DTA) and also handbook of Cochrane.
We did not register the protocol of this systematic
review and meta-analysis in any public registration
platform. Two independent authors (MF and SMK)
systematically searched electronic databases including
Medline, Scopus, Web of Science, Cochrane library, and
Embase for identifying relevant published studies from
their inception to April 2023. We used the following
Medical Subject Heading (MeSH) terms, keywords,
and their analogs to perform systematic search using
Boolean operators: “single-photon emission computed
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tomography/computed tomography”, “SPECT/CT”,
“SPECT”, “prosthesis”, “knee arthroplasty”, “hip
arthroplasty”, “replacement”, “prosthesis”, “aseptic”,
and “loosening”. Furthermore, reference list search
of the eligible studies and similar systematic reviews
was carried out manually to ensure all relevant
studies could be included. No restriction on date,
status, and language of publications was applied. Any
disagreements between two authors during systematic
search were resolved by consulting a third author.

Studies eligible for this systematic review and meta-
analysis needed to fulfill the following criteria: (1) study
design, diagnostic test accuracy study, (2) population,
cases with suspected aseptic loosening following initial
arthroplasty, (3) SPECT/CT was carried out, (4) the
final diagnosis of aseptic loosening was confirmed by
gold standard, reporting enough data to construct a 2 x
2 table of true positive (TP), true negative (TN), false
positive (FP), and false negative (FN). The exclusion
criteria were: (1) case reports, case series with less than
10 patients, conference abstracts, editorials, comments,
letters, protocols, systematic reviews, and meta-
analysis; (2) duplicated publications; (3) publications
with insufficient data to construct a 2 x 2 table.

Two independent authors performed the data
extraction (MF and SMK). The following data were
extracted: first author, year of publication, country,
study design, sample size, Male/Female, mean age,
joint of arthroplasty, contrast agent, injection way, gold
standard, TP, TN, FP, and FN. If we could not construct
2x2 table using the reported data, we back calculated
the TP, TN, FP, and TN using the available variables.
Data of some variables were also extracted from similar
systematic reviews. Quality evaluation of the included
studies was carried out using Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2). Any
disagreements were resolved by a third author.

Statistical analysis was performed using Stata
statistical software package (Stata Corp., College
Station, TX, USA) (version 17.0) and meta-Disc
software version 1.4 (Ramona Cajal Hospital, Madrid,
Spain). The heterogeneity among the included studies
was assessed using I> and Cochrane’s-Q test. Significant
heterogeneity was indicated by Cochrane’s-Q P<0.05
or [>>50%. On the other hand, low heterogeneity
was defined as Cochrane’s-Q P>0.05 and I°<0.50%.
Threshold effect, known as a source of heterogeneity
in DTA meta-analysis, was evaluated using Spearman
correlation coefficient. Publication bias was assessed
using Begg’s test and Funnel plot. Based on the results
of heterogeneity, DerSimonian or Laird random
effects model was used to estimate the pooled values
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sensitivity, specificity, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), and diagnostic odd
ratio (DOR).

RESULTS

After systematic search in the aforementioned five
databases and other sources, we initially identified a
total of 773 studies. A total of 431 duplicate papers
were removed from these 773 articles, leaving 342 for
title and abstract evaluation. A total of 44 articles were
eligible for full-text paper review after evaluating the
titles and abstracts. After evaluation of the full text of
each paper in detail, 27 articles were excluded. Finally,
a total of 17 papers were included in this systematic
review and meta-analysis. The process of study
selection is summarized in the PRISMA flowchart (Fig.
1).

Table I summarizes the characteristics of the 17
included studies published between 2010 and 2022 and
conducted in 8 countries. Five studies recruited cases
who underwent TKA, six studies recruited patients
who underwent THA, and six studies assessed cases
who underwent TKA or THA. The mean age of patients
assessed in the included studies ranged from 46.8 to

Records identified through
database searching
(n=754)

71 years. In 14 studies patients received intravenous
contrast and 3 used intraarticular contrast for imaging.
Most of these studies used 99Tcm_methylene diphos-
phonate as a contrast agent.

The results of quality assessment using QUADAS-2
showed varying levels of risk of bias according to
seven domains. The majority of included studies
were classified as low risk. None of the studies were
classified as high risk according to the criteria of index
test. Table II summarizes the results of QUADAS-2 for
evaluation of the quality assessment of the included
studies. Investigation of publication bias using Funnel
plot revealed that there is publication bias (Fig. 2).
Similarly, Begg’s test showed that there is significant
publication bias (P=0.02).

Analysis of threshold effect using Spearmen
correlation coefficient between logarithms of sensitivity
and logarithms of 1-specificity showed no threshold
effect in this meta-analysis (r=-0.07 and P=78).
Moreover, evaluation of SROC revealed no “shoulder
arm shape” indicating no significant threshold effect.
Significant heterogeneity was found in sensitivity
(I’=54.4%, P=0.004), specificity (I>=85.1%, P<0.01),
PLR (I*=87.1%, P<0.01), NLR (I>=49.6%, P=0.01),
and DOR (I*=68.7%, P<0.01).

Additional records identified
through other sources
(n=19)

!

(n=342)

Records after duplicates removed

)

Records screened
(n=342)

Records excluded
(n =298)

Not Related: 290

\4

Full-text articles assessed
for eligibility
(n=44)

Eligibility ] [Screening] [Identification]

Reviews: 5

Case Reports/Case Series/Comments: 3

Full-text articles excluded

[

A4

)

Studies included in
qualitative synthesis
(n=17)

Included

(n=27)
Not Related: 25

Poor Quality: 2

(meta-analysis)
(n=17)

Studies included in quantitative synthesis

Figure 1. — PRISMA flowchart of the literature search and selection of studies that
reported accuracy of SPECT/CT for diagnosis of aseptic loosening.
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Table II. — Quality assessment of the include studies using QUADAS-2 tool

Risk of bias Applicability concerns
Study Patient | Index Reference Flow and timing Patient Index | Reference
selection test standard selection test standard
Aleksyniene et al. © © © © © © ©
Bao et al. © ? © © © ? ©
Lietal. © ? ? ? © ? ©
Schuldt et al. © ? ? ? © ? ?
Murer et al. © © ? ? ? ® ?
Backer et al. © © ® © © © ®
Zhang et al. (b) ©) © © ® ? ® ©
Mandegaran et al. © © © ® © © ©
Zhang et al. (a) © © ? ? © © ?
Tang et al. ® © ? ? ® ? ?
Abele et al. © © ? ® © ® ?
Hirschmann et al. © ? © ? © ? ?
Arican et al. © © ? © © © ?
Yodong et al. © © © © ? ® ©
Al-Nabhani et al. © ? © ? © ? ?
Yuke et al. ? © © © ? © ©
Chew et al. © © © © © ? ©
©Low Risk; ®High Risk; ? Unclear Risk.
Sensitivity (95% Cl)
Funnel pIOt —— Chew et al 0.77 (0.61-0.89
o Yuke et al 091 (0.71-0.99
Al-Nabhani et al. 1.00 (0.66 - 1.00
Yodong et al. 0.92 (0.78-0.98
N Abele et al. 1.00 (0.77-1.00
0 4 Hirschmann et al. 0.91 (0.59-1.00
= ° L Avrican et al. 0.89 (0.71-0.98
e — @ Tangetal. 0.95 (0.85-0.99
° L Mandegaran et al. 1.00 (0.66-1.00
B . U @ Zhang etal. (a) 098 (0.93-1.00
= ° Murer et al. 0.93 (0.88-0.96
] ° Backer et al. 0.92 (0.64-1.00
» Zhang et al. (b) 1.00 (0.77-1.00
0 | ° o o ° 1@ Lietal. 1.00 (0.94-1.00
- Ll O] ° Schuldt et al. 0.89 (0.76-0.96
o oo * Bao et al. 0.86 (0.42-1.00
Aleksyniene et al 1.00 (0.75-1.00
a4
0 2 4 K 8 10
Eectsize ¢ | booled Sensitivity = 0.94 (0.92 to 0.95)
. Chi-square = 35.07; df = 16 (p = 0.0039)
Pseudo95% Cl @ Studies 0 02 04 06 08 1 Inconsistency (I-square) = 54.4 %

Estimated 8,

Figure 2. — Funnel plot of publication bias on the pooled DOR of
SPECT/CT for diagnosis of aseptic loosening.

SPECT/CT had pooled sensitivity of 94% (95% CI:
92-95%) and pooled specificity of 86% (95% CI: 83-
89%) for diagnosis of aseptic loosening. The pooled
analyses on sensitivity and specificity of SPECT/
CT are shown in figure 3 and 4, respectively. The
pooled positive LR was estimated as 6.92 (95% CI:

Sensitivity

Figure 3. — Forest plot of the pooled sensitivity of SPECT/CT for
diagnosis of aseptic loosening.

3.74-12.81), the pooled negative LR was estimated
as 0.1 (95% CI: 0.06-0.16), and the pooled DOR was
estimated as 89.82 (95% CI: 33.04-244.21) (Fig. 5-7).
The SROC analysis (Fig. 8) revealed high accuracy
with an AUC of 0.96 for SPECT/CT as a diagnostic
modality for identification of aseptic loosening.
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Table II1. — Subgroup analysis of the diagnostic performance of SPECT/CT for aseptic loosening

Subgroups Covariates No. of Pooled Pooled Pooled PLR Pooled Accuracy DOR rDOR P-value
studies | Sensitivity Specificity (95% CI) | NLR (95% (95%CI) | (95% CI)
(95% CI) (95% CI) fol)}
61.77
Hip 0 0.94 0.87 5.30 0.1 0.96 (1355 0.82 0.84
091-097) | (0.82-0.91) (1.96-14.32) | (0.05-0.25) (0.09-7.15)
. 281.48) -09-7.
Site of
Arthroscopy 46
0.92 0.88 6.67 0.14 )
K 8 0.94 18.70-
nee (0.88-0.96) (0.83-091) | (3.61-1232) | (0.07-0.28) (
159.45)
96.36
0.95 0.89 6.78 0.09
Int 14 0.97 32.64- 0.19 0.11
ntravenous (0.93-0.96) (0.85-092) | (3.16-14.54) | (0.06-0.14) ;8 e 000154
Injection 46) (0.02-1.54)
Way
79.44
Intraarticular 3 083 082 1087 0.19 0.95 (3.66
(0.71-0.92) (0.75-0.87) | (1.42-83.44) | (0.06-0.62) : ;
1725.17)
Specificity](35%.Cl) K3 Chew et al 262 (1.89-3.65)
- Chew et al. 071 (0.62-0.79 © Yuke et al. 318 (0.98-10.34)
< Yuke et al. 0.71 (0.29-0.96 —@— | Al-Nabhanietal. 16.56  (5.93 - 46.24)
——@-| Al-Nabhani et al. 095 (0.86-0.99 e Yodong et al. 1.47 (0.85-2.54)
= Yodong et al 0.38 (0.09-0.76 —— @ | Abeleetal 16.11  (3.40 - 76.24)
@ Abele et al. 0.96 (0.79-1.00 ————@—1{}| Hirschmann et al 38.50 (2.46-601.32)
Hirschmann et al 1.00 (0.84-1.00 T8 | fpeanetd 1022 12.10-3869)
e | Arcanetal. 091 (0.72-0.99 H’F"* Llangd etal ol g ;g g gg - 381 gf)
n andegaran et al. A -
P LGngd:t ::én cia g'gg Eg';g - 3'33 | Zhangetal. (a) 20421 (12.86 - 3,243.88
® g . : 33 -0. ° Murer et al. 1485 (1.01-217.49)
ﬁhuarg?;':‘l' @) 1 gg Eg'gg - 1 83 - Backer et al. 1015 (2.68 - 38.42)
— o[ Backeretal. 091 (0.71-099 7 iy ahang kel el owbrl
———®— | Zhangetal. (b) 0.84 (0.60 - 0.97 o Schuldt et al. 150 (1.05-2.16)
* Lietal 0.63 (0.24-0.91 ————®J| Baoetal 48.00 (6.72 - 342.75)
—————— Schuldt et al. 041 (0.21-0.64 —@——— Aleksyniene et al. 20.57 (4.30 - 98.45)
Bao et al. 098 (0.90-1.00
@ Aleksyniene et al. 0.97 (0.83-1.00
Random Effects Model
¢ Pooled Positive LR = 6.92 (3.74 to 12.81)
Cochran-Q = 131.17; df = 16 (p = 0.0000)
* Pooled Specificity = 0.86 (0.83 to 0.89) 0.01 1 100.0 Inconsistency (l-square) = 87.8 %
Chi-square = 121.65: df = 16 (p = 0.0000) Positive LR Tau-squared = 1.2213
0 0.2 0.4 06 0.8 1 Inconsistency (I-square) = 86.8 % . . . . .
Specificity Figure 5. — Forest plot of the pooled positive likelihood ratio

Figure 4. — Forest plot of the pooled specificity of SPECT/CT for
diagnosis of aseptic loosening.

Subgroup analysis revealed that location of contrast
injection is not the source of heterogeneity for
diagnostic accuracy of SPECT/CT between studies.
Similarly, we found that type of joint did not influence
diagnostic accuracy of SPECT/CT for identification of
aseptic loosening. The results of meta-regression and
subgroup analysis are summarized in table III.

DISCUSSION

This meta-analysis comprehensively investigated the
diagnostic performance of SPECT/CT for identification
of aseptic loosening in cases with persistent pain
following the TKA and THA. Our findings showed that
SPECT/CT had pooled sensitivity of 94% and pooled
specificity of 86% for diagnosis of aseptic loosening.
Moreover, SPECT/CT had excellent accuracy of 0.96
for identification of aseptic loosening. However, we
found that location of contrast injection and type of

508

(PLR) of SPECT/CT for diagnosis of aseptic loosening.

Negative LR (95% C

—— Chew et al. 0.33 (0.18-0.59
& Yuke et al. 0.13 (0.03-0.52
Al-Nabhani et al. 0.05 (0.00-0.79
2 Yodong et al. 0.22 (0.05-0.88
® Abele et al. 0.04 (0.00-0.54
® Hirschmann et al. 0.13 (0.03-0.57
L Arican et al. 0.12 (0.04-0.36
Tang et al. 0.06 (0.02-0.18
Kt Mandegaran et al. 0.07 (0.00 - 1.02
—o— Zhang et al. (a) 0.03 (0.01-0.08
—o— Murer et al. 0.08 (0.04-0.14
® Backer et al. 0.08 (0.01-0.56
—e Zhang et al. (b) 0.04 (0.00 - 0.62
Lietal. 0.01 (0.00-0.22
— Schuldt et al. 0.27 (0.10-0.71
Bao et al. 0.15 (0.02-0.89
Kt L 2 Aleksyniene et al. 0.04 (0.00-0.57
Lo Random Effects Model
Pooled Negative LR = 0.10 (0.06 to 0.16)
Cochran-Q = 33.69; df = 16 (p = 0.0060)
0.01 1 100.0 Inconsistency (I-square) = 52.5 %
Negative LR Tau-squared = 0.4325

Figure 6. — Forest plot of the pooled negative likelihood ratio
(NLR) of SPECT/CT for diagnosis of aseptic loosening.

joint did not affect the diagnostic performance of
SPECT/CT for diagnosis of aseptic loosening.
Although these findings show that SPECT/CT as an
imaging modality has excellent accuracy for diagnosis
of aseptic loosening, this is in line with the results of
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Figure 7. — Forest plot of the diagnostic OR (DOR) of SPECT/CT
for diagnosis of aseptic loosening.
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Figure 8. —Summary receiver-operating characteristic (SROC) of
SPECT/CT for diagnosis of aseptic loosening.

previous studies'*'”. However, we found significant

heterogeneity in the diagnostic parameters including
sensitivity, specificity, PLR, NLR, and DOR, and mete-
regression suggested that the heterogeneity of included
studies was not associated with type of joint and location
of contrast injection. A possible explanation for these
heterogeneities may lie in the fact that there are other
factors affecting the diagnostic parameters of SPECT/
CT for diagnosis of aseptic loosening which were
not reported in the included studies. Therefore, these
findings suggest a need for further diagnostic studies to
standardize the imaging conditions of SPECT/CT for
diagnosis of aseptic loosening.

In a similar study, Barnsley et al."" performed a
systematicreview and meta-analysisregarding diagnosis
of aseptic loosening in patients who underwent TKA. In
this meta-analysis, the authors conducted a systematic
search in electronic databases such as MEDLINE,
EMBASE, and Cochrane from inception to 2018 to find

studies that used bone scintigraphy, 18F-FDG-PET,
SPECT/CT, or radionuclide arthrogram for diagnosis
of aseptic loosening. This study showed that SPECT/
CT is the most accurate imaging tool for diagnosis of
aseptic loosening in patients who underwent TKA.
However, they included few studies and the pooled
results of diagnostic accuracy for SPECT/CT were
estimated based on the findings of only two papers.
Another limitation of their study is that the majority of
included papers had poor quality and according to the
results of QUADAS-2, all studies had a high risk of bias
in at least one domain. The small number of included
studies in this meta-analysis and significant risk of bias
preclude any definitive conclusions from their findings.
Therefore, these limitations propose the need of future
systematic reviews and meta-analysis based on further
high quality studies. Compared with this study, our
meta-analysis had some advantages. First, we included
a considerably greater number of papers investigating
the accuracy of SPECT/CT for diagnosis of aseptic
loosening. Second, we also included the data of studies
that evaluated diagnostic accuracy of SPECT/CT for
diagnosis of aseptic loosening after THA. Finally, we
investigated the source of heterogeneity using meta-
regression.

Review of literature revealed that few studies
investigated the effects of time between evaluation
of patients with gold standard and SPECT/CT, or the
time between SPECT/CT and TKA on the diagnostic
performance of SPECT/CT for detection of aseptic
loosening'®. It seems that these data would be crucial
for orthopedic surgeons to recommend the best time for
SPECT/CT in order to achieve the highest diagnostic
performance. Exposing the patients to high dose of
radiation and being costly are two main limitations of
SPECT/CT. Differentimaging evaluation are commonly
required to establish the final diagnosis of patients with
painful prostheses. Although the comparison between
other imaging modalities and SPECT/CT with respect
to the cost-effectiveness was not reported in previous
studies, SPECT/CT can reduce time between initiation
of pain and treatment, and prevent other unnecessary
diagnostic tests and management'®. Therefore, despite
the high cost of SPECT/CT, it can be considered as the
first choice of imaging in cases with uncertain results
of bone scan.

However, our study had some limitations. First,
since meta-regression showed that type of joint
and location of contrast injection did not affect
diagnostic performance of SPECT/CT, the source of
heterogeneity was not found using the extracted data.
Second, the majority of included studies had an unclear
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risk of bias in at least one domain. Third, most of the
included studies were retrospective with small number
of patients. Fourth, we found significant publication
bias suggesting that further studies are required to be
carried out and included in the meta-analysis. Finally,
because of the low prevalence of aseptic loosening and
the strict eligibility criteria used for this meta-analysis,
the number of eligible studies was relatively small.

CONCLUSION

The findings of this meta-analysis revealed that SPECT/
CT has high sensitivity and specificity for diagnosis of
aseptic loosening in patients who underwent TKA or
THA. Therefore, SPECT/CT can be considered as an
encouraging diagnostic adjunct, particularly in cases
with uncertain results of bone scan.
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