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Abstract

Introduction Early diagnosis of periprosthetic hip and knee infection still represents a major challenge, as no single test can
achieve ideal results. Currently, multiple preoperative indicators were performed to diagnose periprosthetic joint infection
(PJI) to confirm or exclude infection in the early stage. However, the diagnostic value of biopsy-related tests in diagnosing
periprosthetic hip and knee infection remains unclear.

Materials and methods Publications in PubMed, Embase, and the Web of Science databases were searched systematically
until October 2020. Inclusion and exclusion criteria were used for screening biopsy-related studies of the diagnosis of
periprosthetic hip and knee infection.

Results Three biopsy-related tests were identified in 14 articles and further analyzed in the present meta-analysis. The
combined method had the highest value for the area under the curve (0.9805), followed by histology (0.9425) and microbio-
logical tests (0.9292). In the subgroup, statistical differences were identified in sensitivity and specificity for PJI diagnosis
between the synovial fluid culture and biopsy culture group, as well as in the biopsy-related combined method and serum
C-reactive protein.

Conclusions Biopsy culture does not appear to be advantageous compared to synovial fluid culture in the preoperative
diagnosis of periprosthetic hip and knee infection. In contrast, combined biopsy microbial culture with histology analysis
shows great potential in improving the preoperative diagnosis of PJI. The standard procedure of biopsy needs to be further
explored. Further research is required to verify our results.
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TN True negative
TP True positive
Introduction

Hip and knee arthroplasty have become conventional sur-
gical methods to improve the physical function and qual-
ity of life of patients with osteoarthritis or inflammatory
arthritis. Nevertheless, associated postoperative compli-
cations require attention, particularly for screening infec-
tion cases, because subsequent treatment programs signifi-
cantly differed between infection and non-infection [1].
Although multiple preoperative serological and synovial
fluid examinations were applied in the clinical diagno-
sis of periprosthetic joint infection (PJI), distinguishing
or excluding early stage PJI remains challenging. This
is because no single preoperative test could accurately
diagnose infection, and there remains a lack of reliable
evidence from microbial information [2]. Synovial fluid
culture is the most commonly used preoperative test that
identifies microorganisms from planktonic bacteria. Its
diagnostic accuracy is lower than intraoperative tests of
periprosthetic tissue and sonication fluid culture from bio-
films [3-6]. Furthermore, joint fluid collection is limited in
the case of dry tap [7]. To provide more reliable informa-
tion before revision surgery, preoperative biopsy was used
in these years, contributing to microbiologic or histologic
information [8—10]. A recent meta-analysis assessed the
diagnostic value of biopsy in periprosthetic shoulder infec-
tion, concluding that biopsy may help diagnose PJI of the
shoulder [11]. However, the role of biopsy for the pre-
operative diagnosis of periprosthetic hip and knee infec-
tion remains controversial [12—15]. Some reports found
the biopsy-related method to not be advantageous over
conventional synovial fluid culture [14, 15]. In addition,
the biopsy-related method has been demonstrated to show
better results compared to serological or synovial fluid
tests [13, 16, 17].

The current study aimed to investigate the diagnos-
tic value of the biopsy-related method in the diagnosis
of periprosthetic hip and knee infection, and investigated
whether biopsy results are superior to that of other preopera-
tive conventional methods.

Materials and methods
The present study followed the Preferred Reporting Items for

Systematic Reviews and Meta-Analysis (PRISMA) guide-
lines [18].
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Search strategy and criteria

Three electronic databases (Web of Science, PubMed,
and Embase) were used in this meta-analysis. The medi-
cal subject headings or keywords were referred to in pre-
vious studies [2, 11]: “arthroplasty or hemiarthroplasty or
joint prosthesis or joint replacement or periprosthetic joint
or prosthetic joint”, “infection or infectious or infected”,
“biopsy”. The retrieval period was from the establishment
of each database to October 2020.

Literature was selected in accordance with the inclusion
and exclusion criteria. Inclusion criteria were: (1) human
studies related to preoperative biopsy in periprosthetic hip or
knee infection; (2) clear description of the definition of PJI
in the manuscript; and (3) provision of the numerical values
of true-positive (TP), false-positive (FP), true-negative (TN),
and false-negative (FN). Exclusion criteria were: (1) animal
experiments, case reports, conference papers, duplicate stud-
ies, meta-analysis, and systematic reviews; (2) biopsy site
was not related to the location of hip or knee replacement;
and (3) details of diagnostic information or full-text article
was not available.

To compare the diagnostic accuracy between biopsy-
related and other preoperative methods used in the diagnosis
of PJI, diagnostic methods that occurred on more than four
occasions were further analyzed in this research.

Data acquisition and study quality assessment

The following information was extracted by two independ-
ent investigators an orthopedic surgeon and infectious dis-
ease specialist: author, antimicrobial administration, biopsy
method, country, diagnostic criteria, non-microbiological
test or microbiological test from the selected study, sample
size, study design, surgical site, sensitivity, specificity, year
of publication, and values of TP, FP, TN, and FN. Cross-
checking of the results was performed by these two authors,
and an expert in surgical infection as an adjudicator to deter-
mine the disagreements. Quality assessment of all identi-
fied biopsy-related studies was evaluated using the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2)
guidelines [19].

Statistical methods

To assess the diagnostic value of biopsy-related meth-
ods for PJI detection, the pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR), as well as diagnostic odds ratio (DOR) and area
under the curve (AUC) value were calculated using Meta-
DiSc 1.4 (Hospital Universitario Ramén y Cajal, Madrid,
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Spain). The level of heterogeneity was identified using
the I? statistic, with I? values of 0-25% indicating low
heterogeneity, 51-75% indicating moderate heterogene-
ity, and > 75% indicating high heterogeneity. A random-
effects model was used in significant heterogeneity and a
fixed-effects model in the case of non-significant hetero-
geneity. The potential source of heterogeneity was fur-
ther explored. Deeks’ funnel plot was used to explore the
potential for publication bias.

For further comparison, the diagnostic accuracy
between biopsy-related and other conventional preopera-
tive methods in the diagnosis of PJI, logit-transformed
sensitivity, specificity, and corresponding 95% confidence
interval (CI) of the index tests were compared using z test
statistics. P values <0.05 were considered statistically
significant.

Results

According to the inclusion and exclusion criteria, 14 articles
were included in the meta-analysis (Fig. 1) [8-10, 12-17,
20-24]. Of 1698 cases, 655 were infections. The selected
studies were published by five countries from 2004 to 2020,
with Germany having the most number of publications (8),
followed by the United Kingdom (3), and included the Neth-
erlands, the United States and Spain, respectively (Table 1).
Three biopsy-related diagnostic methods were shown in the
current study, and 11 studies described microbial culture
[8-10, 14, 15, 17, 21-24]. Nine studies were related to the
combined method (microbial culture and histology) [8-10,
12, 13, 16, 17, 20], whereas three studies performed his-
topathological methods [8—10]. The QUADAS-2 quality
assessments for the included studies of the meta-analysis are

o
c
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Fig.1 Flow diagram of the included studies in this meta-analysis
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depicted in Fig. 2. Publication bias was evaluated by Deeks’
funnel plot analysis. There was no statistically significant
findings based on this meta-analysis (Fig. 3).

Diagnostic accuracy of three different
biopsy-related tests

The pooled sensitivity, specificity, PLR, NLR, and DOR
estimates for the diagnosis of PJI using microbiological tests
were 0.76 (95% CI 0.71-0.80), 0.94 (95% CI 0.91-0.95),
8.67 (95% CI 6.33-11.88), 0.36 (95% CI 0.23-0.57), and

40.44 (95% CI 23.74-68.89), respectively (Figs. 4A, 5A,
6A, 7A, 8A). The summary receiver operating characteristic
(SROC) plot showed the sensitivity, specificity, and 95%
confidence and prediction regions, with an area under the
curve (AUC) of 0.9292 (standard error of 0.0133; Fig. 9A).

The overall pooled sensitivity, specificity, PLR, NLR, and
DOR of the histology for PJI were 0.62 (95% CI 0.45-0.77),
0.97 (95% C10.92-0.99), 10.65 (95% CI 2.32-48.86), 0.45
(95% CI 0.31-0.65), and 54.47 (95% CI 11.66-254.43),
respectively (Figs. 4B, 5B, 6B, 7B, 8B). The AUC value
was 0.9425 (standard error of 0.0322; Fig. 9B).

Fig.2 Methodological quality
of the selected studies
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Fig.3 Deeks’ funnel plot to
assess potential publication
bias for A microbial culture,
B histology, and C combined
method
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Fig.4 Forest plots of sensitivity Sensitivity (95% Cl)
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(o3 Sensitivity

The overall pooled sensitivity, specificity, PLR, NLR,
and DOR of the combined method for PJT were 0.90 (95%
CI 0.87-0.93), 0.97 (95% CI 0.95-0.98), 20.51 (95%
CI 10.38-40.52), 0.13 (95% CI 0.07-0.23), and 229.61
(95% CI 94.90-555.56), respectively (Figs. 4C, 5C, 6C,
7C, 8C). The AUC value was 0.9805 (standard error of
0.0069; Fig. 9C). Our studies showed heterogeneity, with
the random-effects model used.

Subgroup analysis

According to the predefined inclusion criteria, two conven-
tional methods were included in the subgroup analysis. The
first group compared between synovial fluid and biopsy
culture, with five publications identified [14, 15, 17, 21,
23]. The sensitivity and specificity of synovial fluid culture
were 0.78 (95% CI10.72-0.84) and 0.96 (95% CI 0.93-0.98),
respectively. The sensitivity and specificity of biopsy culture
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Fig.5 Forest plots of specificity Specificity (95% Cl)
for the biopsy of A microbial Meermans G 100 (0.69 - 1.00)
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were 0.75 (95% CI 0.69-0.81) and 0.93 (95% CI 0.90-0.95),
respectively. Both the sensitivity and specificity of synovial
fluid culture were higher than that of biopsy culture. The
second group compared serum C-reactive protein (CRP)
and biopsy-related combined methods, with five studies
[9, 10, 13, 16, 17]. The sensitivity and specificity of CRP
were 0.68 (95% CI1 0.58-0.76) and 0.77 (95% CI1 0.71-0.83),
respectively. The sensitivity and specificity of the combined
method were 0.90 (95% CI 0.83-0.95) and 0.97 (95% CI
0.93-0.99), respectively. The sensitivity and specificity of
the combined method were higher than those of CRP. The

@ Springer

sensitivity and specificity of these two groups were found to
be statistically significant (P <0.001).

Discussion

The current meta-analysis showed the diagnostic accuracy
of three biopsy-related methods. The AUC value of the com-
bined method was superior to both histologic and microbio-
logic assays in the diagnosis of periprosthetic hip and knee
infection. This study also compared the diagnostic value
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Fig.6 Forest plots of the
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between biopsy-related and conventional methods in diag-
nosing PJI, with synovial fluid culture demonstrating better
results than biopsy culture (P <0.001). Furthermore, the
biopsy-related combined method was found to show higher
sensitivity and specificity than serum CRP (P <0.001).
Infection after joint arthroplasty is a topic that has
received increasing attention in recent years, particu-
larly periprosthetic hip and knee infection [25]. Previous
reports found infection to be the main reason for failure in
knee arthroplasty; however, in hip replacement failure, it
was reported to be the third most common cause [26-28].
This complication is accompanied by high mortality rates,
which are even higher than some common cancer types [29].

However, the diagnosis of PJI currently remains a major
challenge. Although various tests have been performed in
the diagnosis of PJI, an ideal diagnostic method that ful-
fills the conditions of high diagnostic accuracy, early dif-
ferential diagnosis, as well as identification of pathogenic
bacteria from infection cases has not yet been found. Early
microbiological tests could provide the reference value for
the following intraoperative diagnosis. Synovial fluid punc-
ture and biopsy are two preoperative invasive methods that
could provide information on the causative microbial agent
in the diagnosis of PJI. Synovial fluid culture is the most
commonly used method and recommended by some infec-
tion societies [5, 30, 31]. However, the role of biopsy in
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the diagnosis of PJI remained unclear. A number of studies
did not recommend the routine application of biopsy, as it
offers no advantage over traditional synovial fluid culture
in detecting microorganisms [14, 15]. In our current study,
both the sensitivity and specificity of biopsy culture were
lower than that of synovial fluid culture (78% and 96% vs.
75% and 93%). Williams et al. [15] reported that the synovial
fluid culture had a higher diagnostic accuracy than biopsy
culture (90.1% vs. 87.9%), with more false-positive results in
biopsy culture than synovial fluid culture (21 vs. 13). How-
ever, the limitation of the previously mentioned study was
the culture time of specimens, which was only up to 7 days,

@ Springer

and histology analysis was not applied to further confirm
infection. Conversely, the study of Pohlig and co-workers
[17] showed the diagnostic accuracy of biopsy to be greater
than that of joint fluid (80% vs. 75%), with the 10 days of
inoculation applied for all samples and histology used to
assess infection. Cross and colleagues [14] found that the
diagnostic accuracy of aspiration culture was superior to
that of biopsy (94% vs. 91%). Interestingly, combining these
two methods did not improve culture results. In the previ-
ously mentioned study, the authors only used intraopera-
tive tissue culture as the gold standard, and some patients
were still under antibiotic therapy before sample collection.
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Fig.8 Forest plots of the

Diagnostic OR (95% Cl)

diagnostic odds ratio for the

biopsy of A microbial culture, B
histological analysis, and C the
combined method

—B} Meermans G 78.19 (4.42-1,383.70)
® Pohlig F 15.00 (1.65-136.17)
— @) EnzA 39.31 (7.98 - 193.67)
—@ | Wiliams JL 42.38 (19.67 -91.32)
—@ SadiqS 78.85 (29.58 -210.17)
® Claassen L 8.33 (0.64- 107.85)
® Ottink KD 3.00 (0.24-37.67)
Ottink KD 7411  (3.61-1,522.46)
® Claassen L 557 (0.18-176.27)
Cross MC 13357 (7.11-2,508.83)
® CoronaP 93.00 (3.95-2,189.98)
. Random Effects Model
Pooled Diagnostic Odds Ratio = 40.44 (23.74 to 68.89)
Cochran-Q = 10.61; df = 10 (p = 0.3886)

0.01 1 100.0 Inconsistency (l-square) = 5.8 %
A Diagnostic Odds Ratio Tau-squared = 0.0504
Diagnostic OR (95% Cl)
—— | EnzA 162.19 (9.12 - 2,883.66)
——tg Claassen L 36.00 (4.17 -310.44)
Claassen L 33.00 (1.06 - 1,023.57)
Random Effects Model
Pooled Diagnostic Odds Ratio = 54.47 (11.66 to 254.43)
Cochran-Q = 0.86; df = 2 (p = 0.6497)
0.01 1 100.0 Inconsistency (I-square) = 0.0 %
B Diagnostic Odds Ratio Tau-squared = 0.0000
Diagnostic OR (95% Cl)
Fink B 240.12 (81.47 - 707.74)
Fink B 1,601.25 (286.40 - 8,952.57)
Fink B 249.75 (29.96 - 2,081.80)
Fink B 3,35340 (157.54-71,378.81)
Wimmer MD 105.00 (4.92 - 2,240.24)
Pohlig F 125.00 (4.49 - 3,478.98)
—@ EnzA 86.69 (16.99 - 442.28)
@ Claassen L 53.67 (4.79-601.21)
——— @i ClaassenL 33.00 (1.06 - 1,023.57)
Random Effects Model
Pooled Diagnostic Odds Ratio = 229.61 (94.90 to 555.56)
Cochran-Q =12.22; df = 8 (p = 0.1417)
0.01 1 100.0 Inconsistency (Fsquare) = 34.5 %
C Diagnostic Odds Ratio Tau-squared = 0.5833

These factors most likely affected the final results. A study
by Meermans et al. [21] also demonstrated synovial fluid
culture to yield better results than biopsy; however, the com-
bined method showed a diagnostic accuracy of 90.8%, supe-
rior to that of single biopsy or synovial fluid culture (80.8%
and 84.1%, respectively). Compared to the study by Cross
and colleagues, the author discontinued antibiotic treatment
in patients 4 weeks before sample collection [14, 21].
Histologic analysis is an additional biopsy-related method
included in our screening, with a sensitivity of 62% and
specificity of 97%. Although histologic examination did
not obtain microbiologic information, it was found to have
better diagnostic accuracy than biopsy culture in the diag-
nosis of PJI. The study of Claassen and co-workers showed

the diagnostic accuracy of biopsy histology to be supe-
rior to that of biopsy culture, serum white cell count, and
CRP in periprosthetic knee infection (88%, 79%, 67%, and
65%, respectively) [9]. Similar results were also reported
in periprosthetic hip infection by Claassen and colleagues
[10], with biopsy histology demonstrating the highest accu-
racy compared to biopsy culture, serum white cell count,
and CRP (90%,70%, 70%, and 80%, respectively). In a
recent study, Enz et al. [8] evaluated the use of biopsy in the
diagnosis of periprosthetic hip and knee infection. Biopsy
culture had a sensitivity of 51.9% and a specificity of 97%,
with biopsy histology demonstrating a similar sensitivity,
although higher specificity (100%). However, the combi-
nation of the two methods resulted in increased sensitivity
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Fig.9 Summary of SROC for
the biopsy of A microbial cul-
ture, B histological analysis, and
C the combined method
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to 70.4%. The combined method shows better results than
a single biopsy of histopathological analysis or microbio-
logical examination. Interestingly, similar results were also
observed in our meta-analysis, with the combined method
demonstrate a superior AUC value compared to each method
alone. Some reports also reported the combined method to
have a better diagnostic value than other conventional pre-
operative tests [9, 10, 16, 17]. A study by Pohlig et al. [17]
found that the combined method of biopsy not only had a
higher diagnostic accuracy than conventional synovial fluid
culture, synovial fluid cell count/percentage neutrophils,
erythrocyte sedimentation rate (ESR) and CRP (95%, 75%,
70%, 83%, and 70%, respectively), but was also superior to
that of the combined method of synovial fluid cell count/per-
centage neutrophils plus ESR or CRP and all synovial fluid
tests plus blood tests (86%, 80%, and 90%, respectively). In
the subgroup analysis in our study, the diagnostic value of
the combined method was greater than the conventional test
using CRP in diagnosing PJI.

There was heterogeneity among the meta-analysis of this
study; however, some potential factors liked affected our
results. First, as no single test could achieve 100% accuracy
in diagnosing PJI, the definition of PJI was used to improve
the diagnostic accuracy. The diagnostic method of tissue
culture, synovial fluid or sonication fluid culture, and histo-
logical examination has been recommended by some infec-
tion societies and used as one of the criteria of PJI [5, 30,
31]. However, the diagnostic approach was not uniform in
our selected study, with some studies not performing histol-
ogy analysis and only one study including the sonication
method for culture [14, 15, 21-23]. Hence, such circum-
stances likely impacted the evaluation of our pooled results.
Second, joint biopsy was performed by ultrasound, fluoro-
scopic, or arthroscopy guidance. It remains unclear whether
differences among these three methods in sample collection
exist. Only the study by Ottink et al. [23] reported biopsy
under ultrasound and fluoroscopic guidance for the diagnosis
of PJI. Here, the fluoroscopic-guided group was found to
have better sensitivity and specificity than the ultrasound-
guided group (82% and 100%, 33% and 85%, respectively).
Third, the anatomical sites in the hip and knee differ, with
biopsy sample collection of the knee easier than that of the
hip to achieve the suspected site of biofilm colonization.
This factor is most likely responsible for the more optimal
biopsy results observed from the knee than the hip [12].
Fourth, the standard procedure of biopsy is still required in
further studies. Based on the recommended clinical practice
guidelines by the Infectious Diseases Society of America
in the diagnosis of PJI, the optimal number of tissue sam-
ples for microbiological diagnosis is five to six, with a pro-
longed incubation of up to 14 days [31]. However, some the
included studies did not meet these standards or presented
unclear information [8-10, 14, 15, 17, 20, 22, 23]. Different

instruments were used for sample collection across the vari-
ous studies; however, it remains unknown which instrument
is safer and obtains more reliable samples from the surgical
site. In addition, using the different culture media for culture
also affects the diagnostic accuracy. Previous reports found
that for periprosthetic tissue specimens, the use of blood
culture bottles had a better sensitivity and specificity than
conventional medium in the diagnosis of PJI [32].

Conclusions

A preoperative biopsy can be useful for diagnosing peripros-
thetic hip and knee infection. The combination of biopsy
microbial culture and histology was found to have a higher
diagnostic value than their individual use and was superior
to the conventional CRP test. However, biopsy culture does
not appear to hold any advantage over synovial fluid culture.
Due to the lack of a unified, standardized biopsy procedure,
further studies are still required to further improve the pro-
cedure and verify our results.
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