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Aims
The aim of this systematic review and meta-analy sis was to assess the diagnostic value 
of the histological analysis of deep tissue samples in the diagnosis of periprosthetic joint 
infection (PJI) following total hip (THA) or knee arthroplasty (TKA). The efficacy of the most 
prevalent diagnostic thresholds (≥ 23 polymorphonuclear neutrophils (PMNs)/ten high- 
power fields (HPFs), ≥ five PMNs/HPF, and ≥ ten PMNs/HPF) was investigated to determine 
the optimal threshold to differentiate between septic and aseptic cases.

Methods
PubMed (MEDLINE) and Embase were searched for studies evaluating the performance of 
histology to diagnose PJI in THAs and TKAs. A meta-analy sis of the 43 included studies 
determined the pooled sensitivity, specificity, the diagnostic odds ratio (DOR) and the 
area under the summary receiver operating characteristic curve (AUSROC) of permanent 
(formalin- fixed) and frozen sections.

Results
The performance of permanent sections was evaluated in 22 studies (n = 2,697; PJI 
761/2,697; 28%). When considering only studies analyzing intraoperatively collected tissue 
samples (n = 17), the pooled sensitivity, specificity, DOR, and AUSROC were 82.0% (95% CI 
80.4 to 83.5), 96.0% (95% CI 95.1 to 96.7), 153.7 (95% CI 69.3 to 340.9), and 0.965 (standard 
error (SE) 0.01). The threshold of ≥ five PMNs/HPF demonstrated the best diagnostic 
performance (sensitivity 82.0% (95% CI 80.0 to 84.0), specificity 94.7% (95% CI 93.5 to 
95.8), DOR 133.5 (95% CI 41.6 to 428.6), and AUSROC 0.963 (SE 0.02)). The performance 
of intraoperatively collected frozen sections was evaluated in 25 studies (n = 3,137; PJI 
538/3,137; 17%). The same diagnostic estimates were 67.8% (95% CI 66.1 to 69.4), 94.3% 
(95% CI 93.4 to 95.1), 47.1 (95% CI 27.7 to 80.2), and 0.960 (SE 0.01), respectively.

Conclusion
Due to their high accuracy, permanent sections of intraoperatively collected samples can be 
recommended as a confirmatory criterion for diagnosing PJI in THAs and TKAs. While frozen 
sections demonstrated lower sensitivities, specificities remained robust and comparable with 
those of permanent sections. Thus, they can also be used to confirm PJI, particularly when 
the findings of other preoperative diagnostic tests are inconclusive. In order to differentiate 
septic from aseptic cases, a threshold of ≥ five PMNs/HPF in each of at least five HPFs is 
advocated. High-quality prospectiv e multicentre studies are needed to validate these findings.

Cite this article: Bone Joint J 2025;107-B(11):1158–1164.

Introduction
Histological analysis of deep tissue samples for diag
nosing periprosthetic joint infection (PJI) was first 
proposed by Mirra et al1 in 1976. Subsequent authors 

-
have shown a strong correlation between the pres
ence of polymorphonuclear neutrophils (PMNs) in 
periprosthetic tissue and septic failure following total 
hip (THA) and knee arthroplasty (TKA).2-7

-
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Due to its high diagnostic value, histological analysis has 
become firmly embedded in the workup of patients with a 
suspected PJI. In 2019, the American Academy of Ortho
paedic Surgeons reported “strong evidence supporting the use 
of histology to aid in the diagnosis of PJI”.8 It is included in 
the standardized definition of infection of the European Bone 
and Joint Infection Society (EBJIS),9 the Infectious Diseases 
Society of America (IDSA),10 the Musculo skeletal Infection 
Society (MSIS)11,12 and the International Consensus Meeting 
(ICM) of 2018.13 While positive histology is defined as a 
confirmatory criterion in the EBJIS and IDSA definitions, it 
is only considered a minor criterion in the MSIS11,12 and ICM 
2018 definitions.13 Hence, the role of histology in diagnosing 
PJI (suggestive vs confirmatory) has not yet been standardized 
between societies or in clinical practice.

-

Conflicting results concerning the performance of histo
logical analysis have been reported in the literature. Sensitiv
ities have ranged between 11% and 100%,14,15 and specificities 
between 78% and 100%.3,16

-
-

Furthermore, the optimal threshold of PMNs per high-power  
field (HPF) to distinguish between septic and aseptic failure 
remains unclear. Various thresholds of PMNs in histological 
sections have been suggested. The most commonly used thresh
olds are ≥ 23 PMNs/ten HPFs, ≥ five PMNs/HPF, and ≥ ten 
PMNs/HPF.3,4,17,18 While the EBJIS has defined a threshold of ≥ 
five PMNs/HPF in each of five HPFs to diagnose PJI, thresh
olds of either five PMNs/HPF or ten PMNs/HPF in each of 
five HPFs were recommended in the ICM guidelines of 2018. 
The IDSA guidelines do not provide information about the  
optimal threshold.

-

-

The aims of this systematic review and meta-analysis were:  
1) to assess the role of both permanent and frozen section histo
logical analysis of deep tissue samples in the diagnosis of PJI 
following THA and TKA; 2) to compare the diagnostic accuracy 
of histological samples collected preoperatively versus intraop
eratively; 3) to evaluate the performance of the most commonly 
used thresholds (≥ 23 PMNs/ten HPFs, ≥ five PMNs/HPF, 
and ≥ ten PMNs/HPF) in both permanent and frozen sections; 
and 4) to identify the most accurate threshold for diagnosing PJI 
in THA and TKA.

-

-

Methods
A systematic review with meta-analysis on the role of histology  
in the diagnosis of PJI was conducted in preparation for the 
ICM meeting in 2025, using the PRISMA guidelines.19 PubMed 
(MEDLINE) and Embase were searched with MeSH terms 
developed by librarians (Supplementary Table i). Titles and 
abstracts were screened for eligibility using Covidence (Covi
dence systematic review software; Veritas Health Innovation, 
Australia), followed by verification by an additional expert in 
the field of PJI. The full-text  review of the selected studies was 
then performed by two experts. Meta-analyses  and reviews 
were screened for further studies not included in the original 
search process.

-

Studies in English evaluating the performance of histology, 
based on permanent or frozen sections in the diagnosis PJI 
following THA and TKA, were eligible for inclusion. Studies 
needed to be confined to adults with suspected PJI, including 

a control group (aseptic failure), and providing diagnostic test 
measures (sensitivity and specificity). Studies assessing other 
anatomical sites were excluded, as well as animal studies, 
case reports and studies investigating the diagnostic value of 
histology at the second stage of a two- stage exchange. Studies 
were only included if they clearly described the criteria used 
to define PJI. This included those in which a standardized defi
nition such as EBJIS 2021,9 MSIS 2011,11 MSIS 2013,12 ICM 
2018,13 or IDSA 201310 was used, and those in which a clearly 
defined diagnostic gold standard based on microbiological 
culture, other diagnostic tests and/or clinical findings was used.

-

The characteristics of the study including the PJI reference 
standard, site, number of PJIs, aseptic failures, THAs, TKAs, 
samples and HPFs, pre- or intraoperative samples and measures 
of diagnostic accuracy (sensitivity, specificity, positive and 
negative predictive value (PPV and NPV)) from all included 
studies were extracted by one author using a standardized form. 
The data were then proofread by at least one other author.

The risk of bias and applicability of each study was evaluated 
using the Quality Assessment of Diagnostic Accuracy Studies 
(QUADAS- 2) tool containing four domains (patient selection, 
index test, reference standard and enrolment flow of patients/
timing of index and reference tests).20 Risks were rated as 
‘high’, ‘low’, or ‘unclear’. The quality of each study was then 
graded based on the QUADAS- 2 results as follows: A, high 
quality (low risk); B, moderate quality (one or two domains 
‘high’ or ‘unclear’); C, low quality (more than two domains 
‘high’ or ‘unclear’) and D, very low quality (studies with ≤ 20 
events/PJIs).
Statistical analysis. The number of true and false positives 
and negatives, was calculated using the number of septic and 
aseptic cases and sensitivities and specificities in each study. 
When the PPVs and NPVs were not given, they were calculated 
based on sensitivity and specificity. The meta-analysis  was per
formed using MetaDisc v. 1.4 (Hospital Ramón y Cajal, Spain) 
and RStudio v. 4.4.1 software (meta-package) (Posit, USA).  In 
order to assess the accuracy of permanent and frozen sections, 
the pooled sensitivity, specificity, PPV, NPV, positive (LR+) 
and negative likelihood ratios (LR-), the diagnostic odds ratio 
(DOR) and area under the summary receiver operating charac
teristic curve (AUSROC) were calculated with 95% CI using 
a random-effects  model. I² (Higgins test) was calculated to de
termine the heterogeneity for each accuracy. Values with I2 of 
> 50% are seen as having substantial heterogeneity,21 and need 
to be interpreted carefully. Permanent and frozen sections were 
analyzed separately. In each type of section, a subanalysis by 
joint, threshold, and studies using a standardized PJI definition 
was performed. A post hoc analysis was done in studies evalu
ating permanent sections by type of sample (pre- or intraopera
tive samples). Intraoperative samples were further investigated 
by threshold. For the overall analysis, only the threshold with 
the best diagnostic accuracy was included to avoid inflating the 
sample size and skewing the meta-analytic  estimates when dif
ferent thresholds were reported in a single study.

-

-

-

-
-

-

Results
A total of 43 studies evaluating histological sections (permanent 
and frozen sections) of deep tissue samples for diagnosing PJI 
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following THA and TKA were included. Figure 1 shows a flow 
diagram of the search process. Most studies were of low quality 
(n = 18; 42%) or very low quality (n = 19; 44%; Supplementary 
Table ii). Two studies (5%) were graded as high quality and four 
as moderate quality (9%).

Identification of studies via databases and registers

Studies identified from:

 - PubMed (n = 847)
 - Embase (n = 552)

Studies screened
(n = 1,098)

Studies sought for retrieval
(n = 101)

Studies assessed for eligibility
(n = 98)

Studies of included studies
(n = 43)
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Studies sought for retrieval
(n = 4)

Studies excluded
(n = 997)

Studies not retrieved
(n = 3)

Studies assessed for eligibility
(n = 4)

Studies identified
from citation searching

(n = 4)

Studies removed before
screening:

 - Duplicate studies removed (n = 101)
 - Studies marked as ineligible by
   automation tools (n = 200)

Studies excluded:

 - Language (n = 10)
 - Not confined to adults with suspected PJI and
   aseptic failure of the hip and/or knee (n = 13)
 - No study of sensitivity, specificity, PPV, and
   NPV (n = 24)
 - No study on histology results alone (n = 4)
 - Histology at second stage (n = 6)
 - Data already included in another study (n = 2)

Identification of studies
via other methods

Fig. 1

PRISMA flow diagram of the screening process. NPV, negative predictive value; PJI, periprosthetic joint infection; PPV, positive predictive value.

A total of 22 studies investigated permanent sections in 
2,697 patients (PJI 761/2,697; 28%) (Supplementary Table 
iii).3,4,14–17,22–37

The pooled sensitivity, specificity, DOR and AUSROC, 
including all studies analyzing permanent sections (preopera
tive biopsy and intraoperatively collected deep tissue samples) 
were 78.7% (95% CI 77.1 to 80.3), 96.1% (95.3 to 96.8), 119.1 
(60.0 to 236.6), and 0.962 (standard error (SE) 0.01), respec
tively (Supplementary Table iv, Supplementary Figures a to d). 
A standardized definition of infection (EBJIS, IDSA, MSIS, 
and ICM) to classify PJI was only used in four studies (n = 
428 patients, PJI 214/428; 50%).17,31,32,36 Institutional criteria 
were used in 12 studies,4,15,16,24–30,35,37 and only positive cultures 
were used to classify PJI in six.3,14,22,23,33,34 When considering 
only studies with a standardized definition (n = 428, PJI 
214/428; 50%), the diagnostic accuracy measures were 90.7% 
(95% CI 87.5% to 93.2%), 88.8% (95% CI 85.4% to 91.6%), 
98.3 (95% CI 42.6 to 226.6), and 0.959 (SE 0.01), respectively.

-

-

There was a lower pooled sensitivity (69.0% (95% CI 65.7 
to 72.1)) for THAs compared with TKAs (92.5% (95% CI 87.5 
to 95.9)), while specificities (98.9% (95% CI 98.0 to 99.5) vs 

98.3% (95% CI 95.0 to 99.6)) were similar. The diagnostic 
value of histology in the diagnosis of PJI in TKA alone was 
analyzed in only two studies.24,28 Hence, the AUSROC could 
not be calculated in TKAs (Supplementary Table iv).

The accuracy of permanent sections of preoperative biopsy 
samples was assessed in five studies, including 249 patients 
(PJI 62/249; 25%).14,24–26,37 Of these, institutional criteria 
for diagnosing PJI were used in four,24–26,37 and only positive 
culture(s) was used in one.14 The pooled sensitivity, specificity, 
DOR, and AUSROC were 46.8% (95% CI 40.5 to 53.2), 97.2% 
(95% CI 94.3 to 98.9%), 37.8 (95% CI 15.3 to 93.2), and 0.923 
(SE 0.03), respectively.

Permanent sections of intraoperatively collected tissue 
samples were investigated in 17 studies, including 2,448 patients 
(PJI 699/2,448; 29%).3,4,15–17,22,23,27–36 Positive culture(s) were used 
to define PJI in five studies,3,22,23,33,34 institutional criteria were 
used in eight,4,15,16,27–30,35 and a standardized definition of infection 
was used in four.17,31,32,36 The pooled sensitivity, specificity, DOR, 
and AUSROC of these 17 studies were 82.0% (95% CI 80.4 to 
83.5), 96.0% (95% CI 95.1 to 96.7), 153.65 (95% CI 69.25 to 
340.90), and 0.965 (SE 0.01), respectively. Studies using the 
threshold of ≥ 23 PMNs/ten HPFs demonstrated a pooled sensi
tivity, specificity, DOR, and AUSROC of 80.7% (95% CI 78.0 
to 83.2), 94.9% (95% CI 93.3 to 96.3), 162.4 (95% CI 36.4 to 
725.7), and 0.957 (SE 0.02), respectively, while they were 82.0% 
(95% CI 80.0 to 84.0), 94.7% (95% CI 93.5 to 95.8), 133.5 (95% 

-
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CI 41.6 to 428.6), and 0.963 (SE: 0.02) when the threshold of ≥ 
five PMNs/HPF was applied; and 88.8% (95% CI 84.6 to 92.2), 
89.2% (95% CI 85.0 to 92.5), 67.1 (95% CI 39.0 to 115.3), and 
0.950 (SE 0.01) when the threshold of ≥ ten PMNs/HPF was 
used (Supplementary Table iv).

A total of 25 studies (n = 3,137; PJI 538/3,137; 17%) 
analyzed the performance of histology in frozen sections 
of intraoperatively collected samples (Supplementary 
Table v).2,5–7,15,18,32–34,38–53 The pooled sensitivity, specificity, 
DOR, and AUSROC were 67.8% (95% CI 66.1 to 69.4), 
94.3% (95% CI 93.4 to 95.1), 47.1 (95% CI 27.7 to 80.2), 
and 0.960 (SE 0.01), respectively (Supplementary Table iv, 
Supplementary Figures e to h). Standardized definitions were 
used in seven studies,32,43,44,46,47,50,53 institutional criteria were 
used in six,5,6,15,40,51,52 and only positive culture was used in 
12.2,7,18,33,34,38,39,41,42,45,48,49 Considering only studies using stan
dardized definitions (n = 1,341, PJI 197/1,341), the measures of 
diagnostic accuracy were 66.9% (95% CI 64.3 to 69.4), 95.5% 
(95% CI 94.2 to 96.5), 69.0 (95% CI 32.8 to 145.4), and 0.953 
(SE 0.02), respectively. Similar sensitivities and specificities 
were observed in THAs and TKAs (Supplementary Table iv).

 

-

The pooled sensitivity, specificity, DOR, and AUSROC 
in studies using the threshold of ≥ 23 PMNs/ten HPFs were 
81.0% (95% CI 74.9 to 86.1), 95.6% (95% CI 91.8 to 98.0), 
83.3 (95% CI 19.7 to 352.9), and 0.940 (SE 0.12), respectively. 
The threshold of ≥ five PMNs/HPF showed values of 69.4% 
(95% CI 67.5 to 71.3), 94.4% (95% CI 93.3 to 95.3), 56.2 (95% 
CI 30.4 to 103.7), and 0.964 (SE 0.01), respectively, and the 
threshold of ≥ ten PMNs/HPF showed values of 62.0% (95% 
CI 58.3 to 65.6), 96.1% (95% CI 94.4 to 97.4), 50.7 (95% CI 
20.4 to 126.1), and 0.892 (SE 0.05), respectively (Supplemen
tary Table iv).

-

Discussion
In this systematic review and meta-analysis, permanent 
formalin-fixed  sections of intraoperatively collected deep tissue 
samples demonstrated a good performance (pooled sensitivity 
82%, specificity 96%, DOR 153.7) for diagnosing PJI following 
THA or TKA. Due to their high accuracy, permanent sections 
can be recommended as a confirmatory criterion in the diag
nosis of PJI.

 

-

Although specificities were similar (94% vs 96%), preoper
ative biopsies showed lower pooled sensitivities (47% vs 82%) 
when compared with intraoperative samples, highlighting the 
importance of accurate tissue sampling. The lower sensitivity 
in preoperative biopsies may be explained by the low number  
of samples which were analyzed. Two of the five studies repor
ting preoperative biopsies investigated only a single sample, 
showing low sensitivities (11% and 52%).14,26 Two other studies 
examined five samples,24,25 with much improved sensitivities 
(75% and 100%), consistent with the literature on intraopera
tive sampling. The infection and inflammatory cell infiltration 
may not be evenly spread throughout the joint. Thus, several 
samples should be taken at revision surgery to ensure an accu
rate diagnosis. In a retrospective study including 119 patients 
undergoing revision THA or TKA, the optimal number of deep 
tissue samples for histology was investigated.54 Three to six 
deep tissue samples for permanent sections showed the best 

-

-  

-

-

ability to identify PJI. Fewer than three demonstrated a lower 
sensitivity, and more than six showed a lower specificity. Thus, 
at least three samples – but no more than six – should be sent for 
histological analysis to ensure an accurate diagnosis.

However, the histological outcome is also influenced by the 
quality of the samples. According to Krenn et al,55 samples 
taken from the pseudocapsule (neosynovium) and the peri
prosthetic membrane (the interface between the implant and 
cement/bone) are most effective for the identification of infec
tion and inflammatory cell infiltration. In a prospective study 
including 69 patients undergoing revision THA, samples from 
the periprosthetic membrane showed a better performance 
compared with samples from the pseudocapsule.23 Although 
both types of sample demonstrated similar specificity (98%), 
sensitivities varied widely (periprosthetic membrane 83%, and  
pseudocapsule 42%).

-

-

After histological processing, the sections should be analyzed 
by an experienced pathologist using a conventional light 
microscope with a diameter of 0.625 mm and a visual field of 
0.307 mm². If a microscope with a different diameter and visual 
field is employed, the thresholds must be adjusted accordingly.17 
The pathologist should examine the whole section of the sample 
under low power to identify the areas of maximum inflamma
tion. The PMNs are then counted within these areas under ×400 
magnification HPF. PMNs located in blood vessels, within 
haemorrhagic areas, migrating from capillaries in granulation 
tissue and trapped in superficial fibrin should be ignored.17,54 In 
each section, at least five ×400 magnification HPFs should be 
analyzed in detail and the PMNs should be counted to ensure 
optimal outcome. The mean PMNs/HPF is then calculated. Due 
to its high accuracy in our meta-analysis,  a threshold of ≥ five 
PMNs/HPF in each of five HPFs is recommended to differen
tiate between septic and aseptic cases. The threshold of ≥ ten 
PMNs/HPF in each of five HPFs can also be used, although 
this risks missing some low-grade  PJIs. Furthermore, lower 
sensitivities and higher specificities are typically expected in 
higher thresholds. Interestingly, the higher threshold of ≥ ten 
PMNs/HPF showed higher sensitivities and lower specificities 
compared with the threshold of ≥ five PMNs/HPF, indicating 
a lower reliability of the studies using the threshold of ≥ ten 
PMNs/HPF. A possible explanation for these findings is the 
lack of a uniform definition of infection and uniform histolog
ical analysis (different number of investigated HPFs). However, 
it is clear from the remaining high accuracy of ≥ 23 PMNs/
ten HPFs that fewer than five PMNs does not exclude infec
tion. It is suggested that these cases are interpreted carefully in 
conjunction with the results of the other diagnostic tests within 
the definition of PJI used in a multidisciplinary team.

-

-

-

-

Frozen sections demonstrated a lower pooled sensitivity 
(68%) compared with permanent sections (82%) in our meta-
analysis, but showed a similar specificity (94% vs 96%). Never
theless, due to their high overall performance, frozen sections 
can be seen as a reliable test and be recommended as a confirma
tory criterion. In addition, frozen sections may support surgeons 
during the decision-making process, particularly  in patients 
with inconclusive preoperative findings. In a retrospective 
study including 101 revision arthroplasties, 81% of those with 
an inconclusive preoperative diagnosis but with a definitive 

 
-

-
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postoperative diagnosis of infection were identified by frozen 
section, making its intraoperative value apparent.50 Although 
the threshold of ≥ 23 PMNs/ten HPFs showed the best perfor
mance in frozen sections (sensitivity 81%, specificity 95%), 
this threshold was only used in three studies, including 60 PJIs 
and 145 aseptic failures. The threshold of ≥ five PMNs/HPF, on 
the other hand, was analyzed in 16 studies including 377 PJIs 
and 1,103 aseptic failures and had an acceptable sensitivity of 
69% and similar specificity of 94%. Due to the better evidence 
and still high accuracy, we also recommend a threshold of ≥ 
five PMNs/HPF in frozen sections to distinguish septic from 
aseptic cases. It is also easier to count ≥ five PMNs in five fields, 
making this a more pragmatic and reproducible threshold for 
clinical practice. However, also in this setting, the finding of 
between one and five PMNs/HPF cannot exclude PJI, and needs 
to be interpreted with the results of other diagnostic tests.

-

The anatomical site of the affected joint may also influence 
the histological outcome. Our meta-analysis demonstrated a  
lower sensitivity in THAs (69%) compared with TKAs (93%) 
for permanent sections. However, the performance of histology 
in revision TKAs was only specifically analyzed in two studies, 
including 172 patients (PJI n = 68).6,11 Most studies involved 
THAs and TKAs without further differentiation between the 
two sites. There was no difference between THAs and TKAs 
regarding the diagnostic estimates of frozen sections. Due to 
these inconsistent findings and lack of evidence, no definitive 
conclusion regarding the affected joint (hips vs knees) can  
be drawn.

This study focused on the numbers of PMNs in tissue 
samples and did not include data regarding the identification 
of microorganisms in the histological samples. The presence 
of pathogens, identified by special stains, such as Gram, Ziehl- 
Neelsen, or fungal stains has been included in the EBJIS defi
nition of PJI.9 Gram staining is widely available, particularly in 
low- resource areas. It has consistently shown a high specificity 
but low sensitivity.56-58 This may be, in part, due to the use of the 
test in chronic PJIs with few organisms, making visualization 
difficult.56 Thus, it is not useful in the detection of most PJIs. 
However, it is a cheap and rapid test which, when positive, can 
give an early indication of the type of causing microorganism 
(Gram- positive or Gram-negative).  In culture- negative PJI, 
this may be the only information on the nature of the infection, 
allowing for more targeted antibiotic treatment.

-

 

The study had limitations. The quality of most of the studies 
which were included (86%) was moderate to low, hence, the 
results need to be interpreted with caution. Major limitations 
included the heterogeneity in reference standards and the poten
tial for incorporation bias. There was a higher pooled sensitivity 
(91%) when the analysis was limited to studies using a standard
ized definition of infection (EBJIS, IDSA, MSIS, and ICM), 
albeit with a slight decrease in specificity (89%). This empha
sizes how variations in the definitions of PJI can hinder the 
advancement of diagnostic accuracy. Nevertheless, all relevant 
studies with clearly defined diagnostic criteria were included to 
avoid excluding valuable data and to provide a comprehensive 
overview of the existing literature. Another limitation of the 
meta-analysis  was the variations in the threshold values reported 

-

-

-

in the studies. In order to ensure methodological consistency 
and avoid inflating the sample size due to the repeated inclu
sion of the same cohorts of patients, only the threshold with 
the best diagnostic accuracy was selected from each study for 
the overall analysis. While this approach may restrict a compre
hensive assessment of all thresholds within individual studies, 
subgroup analyses were conducted to evaluate the diagnostic 
performance of different thresholds without duplicating patient 
data. Further limitations included the paucity of information 
about the reproducibility of tests (pathologists’ protocols, the 
microscope which was used, variability of HPFs, and thresh
olds), the heterogeneity of inclusion and exclusion criteria, the 
limited number of PJIs which were included, and the failed 
differentiation between acute and chronic infections. The failure 
to distinguish between acute (early and late acute) and chronic 
infections in most studies makes it unclear whether our recom
mendations can be generalized to all types of PJI.

-

-

-

-

In conclusion, based on the high accuracies, perma
nent sections of intraoperatively collected samples can be 
recommended as a confirmatory criterion for diagnosing PJI 
following THA or TKA. During revision surgery, between 
three and six deep samples from the periprosthetic membrane 
and pseudocapsule should be collected and processed by an 
experienced pathologist. A threshold of ≥ five PMNs/HPF in 
each of at least five HPFs can be recommended to differen
tiate septic from aseptic failure. However, between one and 
five PMNs/HPF cannot rule out infection, and needs to be 
interpreted in conjunction with other diagnostic tests within 
the definition of infection. Although lower sensitivities 
were found with frozen sections compared with permanent 
sections, a positive result can be endorsed as a confirmatory 
intraoperative criterion due to their high specificity, particu
larly when the preoperative results are inconclusive. Given 
the low quality of most studies (86%), high- quality prospec
tive multicentre trials are required to strengthen the evidence 
and validate these findings.

-

-

-

-

Take home message
-  This study highlights the clinical value of permanent 
histological sections from intraoperatively collected 
tissue samples as a confirmatory criterion for diagnosing 

periprosthetic joint infection in revision total hip or knee arthroplasty.
-  A threshold of ≥ 5 polymorphonuclear neutrophils per high-power field  
(in at least five fields) is recommended for distinguishing septic from 
aseptic failure.
-  While frozen sections show lower sensitivity, they can be endorsed 
as an intraoperative confirmatory criterion due to their high specificity, 
particularly when preoperative findings are inconclusive.

Supplementary material
Tables showing the full search queries, risk of bias 
assessment for all included studies, detailed character
istics of each study analyzing permanent and frozen 

sections, and diagnostic accuracies of permanent and frozen 
sections. Figures showing the pooled sensitivity, specificity, 
diagnostic odds ratio, and area under the summary receiver
operating characteristic curve (AUSROC) for permanent
sections (including open biopsies).

-

 
 



VOL. 107-B, No. 11, NOVEMBER 2025

HISTOLOGICAL ANALYSIS FOR DIAGNOSING PERIPROSTHETIC JOINT INFECTION OF THE HIP AND KNEE 1163

References
 1. Mirra JM, Amstutz HC, Matos M, Gold R. The pathology of the joint tissues and 

its clinical relevance in prosthesis failure. Clin Orthop Relat Res. 1976;117:221–240. 
2. Feldman DS, Lonner JH, Desai P, Zuckerman JD. The role of intraoperative 

frozen sections in revision total joint arthroplasty. J Bone Joint Surg Am. 
1995;77-A(12):1807–1813. 

3. Pandey R, Drakoulakis E, Athanasou NA. An assessment of the histological 
criteria used to diagnose infection in hip revision arthroplasty tissues. J Clin Pathol. 
1999;52(2):118–123. 

4. Morawietz L, Tiddens O, Mueller M, et al. Twenty-three neutrophil  granulocytes in 
10 high- power fields is the best histopathological threshold to differentiate between 
aseptic and septic endoprosthesis loosening. Histopathology. 2009;54(7):847–853. 

5. Tohtz SW, Müller M, Morawietz L, Winkler T, Perka C. Validity of frozen 
sections for analysis of periprosthetic loosening membranes. Clin Orthop Relat Res. 
2010;468(3):762–768. 

6. Pons M, Anglés F, Sánchez C, et al. Infected total hip arthroplasty--the value of 
intraoperative histology. Int Orthop. 1999;23(1):34–36. 

7. Athanasou NA, Pandey R, de Steiger R, Crook D, Smith PM. Diagnosis of 
infection by frozen section during revision arthroplasty. J Bone Joint Surg Br. 
1995;77-B(1):28–33. 

8. No authors listed. Diagnosis and prevention of periprosthetic joint infections: clinical 
practice guideline. American Academy of Orthopaedic Surgeons (AAOS). 2019. https:// 
aaos.org/quality/quality-programs/tumor-infection-and-military-medicine-programs/ 
diagnosis--prevention-of-periprosthetic-joint-infections (date last accessed 2 September 
2025).

	

	 	


	 	

	 	

	 	

	 	

	 	


	 	

	9. McNally M, Sousa R, Wouthuyzen-Bakker M, et  al. The EBJIS definition of 
periprosthetic joint infection. Bone Joint J. 2021;103-B(1):18–25. 

10. Osmon DR, Berbari EF, Berendt AR, et  al. Diagnosis and management of 
prosthetic joint infection: clinical practice guidelines by the Infectious Diseases 
Society of America. Clin Infect Dis. 2013;56(1):e1–e25. 

11. Parvizi J, Jacovides C, Zmistowski B, Jung KA. Definition of periprosthetic joint 
infection: is there a consensus? Clin Orthop Relat Res. 2011;469(11):3022–3030. 

12. Parvizi J, Gehrke T. Definition of periprosthetic joint infection. J Arthroplasty. 
2014;29(7):1331. 

13. Shohat N, Bauer T, Buttaro M, et al. Hip and knee section, what is the definition 
of a Periprosthetic Joint Infection (PJI) of the knee and the hip? Can the same criteria 
be used for both joints? Proceedings of International Consensus on Orthopedic 
Infections. J Arthroplasty. 2019;34(2S):S325–S327. 

14. Eisler T, Svensson O, Engström CF, et al. Ultrasound for diagnosis of infection in 
revision total hip arthroplasty. J Arthroplasty. 2001;16(8):1010–1017. 

15. Wong Y-C, Lee Q-J, Wai Y-L, Ng W-F. Intraoperative frozen section for 
detecting active infection in failed hip and knee arthroplasties. J Arthroplasty. 
2005;20(8):1015–1020. 

16. Montoya-delaTorre C, Fernández-Valencia JA, Martínez-Pastor JC, Morata 
L, Soriano A, Muñoz-Mahamud E. Usefulness of histology for predicting infection 
at the time of hip and knee revision in patients with rheumatoid arthritis. Arch Orthop 
Trauma Surg. 2022;142(10):2489–2495. 

17. Sigmund IK, McNally MA, Luger M, Böhler C, Windhager R, Sulzbacher I. 
Diagnostic accuracy of neutrophil counts in histopathological tissue analysis in 
periprosthetic joint infection using the ICM, IDSA, and EBJIS criteria. Bone Joint Res. 
2021;10(8):536–547. 

18. Banit DM, Kaufer H, Hartford JM. Intraoperative frozen section analysis in revision 
total joint arthroplasty. Clin Orthop Relat Res. 2002;401:230–238. 

19. Page MJ, McKenzie JE, Bossuyt PM, et  al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. 

20. Whiting PF, Rutjes AWS, Westwood ME, et  al. QUADAS- 2: a revised tool 
for the quality assessment of diagnostic accuracy studies. Ann Intern Med. 
2011;155(8):529–536. 

21. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta- analysis. Stat 
Med. 2002;21(11):1539–1558. 

22. Boettner F, Koehler G, Wegner A, Schmidt-Braekling T, Gosheger G, 
Goetze C. The rule of histology in the diagnosis of periprosthetic infection: specific 
granulocyte counting methods and new immunohistologic staining techniques may 
increase the diagnostic value. Open Orthop J. 2016;10:457–465. 

23. Bori G, Muñoz-Mahamud E, Garcia S, et  al. Interface membrane is the best 
sample for histological study to diagnose prosthetic joint infection. Mod Pathol. 
2011;24(4):579–584. 

24. Claassen L, Ettinger S, Pastor M-F, Budde S, Windhagen H, Floerkemeier T. 
The value of arthroscopic neosynovium biopsies to diagnose periprosthetic knee joint 
low-grade infection. Arch Orthop Trauma Surg. 2016;136(12):1753–1759. 

	


	 	

	 	

	 	

	 	

	 	

	 	   

	 	  


	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	



	25. Claassen L, Wirries N, Ettinger S, Pastor M-F, Windhagen H, Flörkemeier T. 
Diagnosing periprosthetic hip joint low-grade infection via arthroscopic neo synovium  
biopsies. Technol Health Care. 2018;26(6):973–982. 

26. Enz A, Becker J, Warnke P, et al. Increased diagnostic certainty of periprosthetic 
joint infections by combining microbiological results with histopathological samples 
gained via a minimally invasive punching technique. J Clin Med. 2020;9(10):3364. 

27. Fernández-Sampedro M, Fariñas-Alvarez C, Garces-Zarzalejo C, et  al. 
Accuracy of different diagnostic tests for early, delayed and late prosthetic joint 
infection. BMC Infect Dis. 2017;17(1):592. 

28. Inagaki Y, Uchihara Y, Munemoto M, et  al. Correlation of histological and 
microbiological findings in septic and aseptic knee implant failure. Arch Orthop 
Trauma Surg. 2019;139(5):717–722. 

29. Janz V, Wassilew GI, Hasart O, Matziolis G, Tohtz S, Perka C. Evaluation of sonicate 
fluid cultures in comparison to histological analysis of the periprosthetic membrane for the 
detection of periprosthetic joint infection. Int Orthop. 2013;37(5):931–936. 

30. Kashima TG, Inagaki Y, Grammatopoulos G, Athanasou NA. Use of 
chloroacetate esterase staining for the histological diagnosis of prosthetic joint 
infection. Virchows Arch. 2015;466(5):595–601. 

31. Kuo F-C, Lin P-C, Yen S-H, Tan TL, Wu C-T, Wang J-W. Which minor criteria 
is the most accurate predictor for the diagnosis of hip and knee periprosthetic joint 
infection in the Asian population? J Arthroplasty. 2022;37(10):2076–2081. 

32. Li R, Li X, Yu B, et al. Comparison of leukocyte esterase testing of synovial fluid with 
synovial histology for the diagnosis of periprosthetic joint infection. Med Sci Monit. 
2017;23:4440–4446. 

33. Lonner JH, Desai P, Dicesare PE, Steiner G, Zuckerman JD. The reliability 
of analysis of intraoperative frozen sections for identifying active infection during 
revision hip or knee arthroplasty. J Bone Joint Surg Am. 1996;78-A(10):1553–1558. 

34. Miyamae Y, Inaba Y, Kobayashi N, et al. Different diagnostic properties of C- 
reactive protein, real- time PCR, and histopathology of frozen and permanent sections 
in diagnosis of periprosthetic joint infection. Acta Orthop. 2013;84(6):524–529. 

35. Müller M, Morawietz L, Hasart O, Strube P, Perka C, Tohtz S. Diagnosis of 
periprosthetic infection following total hip arthroplasty--evaluation of the diagnostic 
values of pre- and intraoperative parameters and the associated strategy to 
preoperatively select patients with a high probability of joint infection. J Orthop Surg 
Res. 2008;3:31. 

36. Röhrl A, Klawonn F, Füchtmeier B, et al. Results of a monocentric field study: 
value of histology compared to sonication method and conventional tissue culture in 
the diagnosis of periprosthetic joint infection (PJI). Infection. 2024;52(6):2287–2296. 

37. Simon MJK, Beyersdorff J, Strahl A, Rolvien T, Rüther W, Niemeier A. 
Diagnostic value of open incisional biopsies in suspected, difficult- to- diagnose 
periprosthetic hip joint infection prior to revision surgery. Arch Orthop Trauma Surg. 
2023;143(3):1663–1670. 

38. Bori G, Soriano A, García S, et  al. Low sensitivity of histology to predict the 
presence of microorganisms in suspected aseptic loosening of a joint prosthesis. Mod 
Pathol. 2006;19(6):874–877. 

39. Fehring TK, McAlister JA Jr. Frozen histologic section as a guide to sepsis in 
revision joint arthroplasty. Clin Orthop Relat Res. 1994;304:229–237. 

40. Fehring TK, Cohen B. Aspiration as a guide to sepsis in revision total hip 
arthroplasty. J Arthroplasty. 1996;11(5):543–547. 

41. Francés Borrego A, Martínez FM, Cebrian Parra JL, Grañeda DS, Crespo 
RG, López- Durán Stern L. Diagnosis of infection in hip and knee revision surgery: 
intraoperative frozen section analysis. Int Orthop. 2007;31(1):33–37. 

42. Kanner WA, Saleh KJ, Frierson HF Jr. Reassessment of the usefulness of frozen section 
analysis for hip and knee joint revisions. Am J Clin Pathol. 2008;130(3):363–368. 

43. Kasparek MF, Kasparek M, Boettner F, Faschingbauer M, Hahne J, Dominkus 
M. Intraoperative diagnosis of periprosthetic joint infection using a novel alpha- 
defensin lateral flow assay. J Arthroplasty. 2016;31(12):2871–2874. 

44. Kelly ME, Bahethi SR, King ME, Elstner BC, Turcotte JJ, King PJ. The utility of 
frozen section histology in diagnosing periprosthetic joint infection in revision total 
joint arthroplasty. J Arthroplasty. 2021;36(6):2137–2143. 

45. Ko PS, Ip D, Chow KP, Cheung F, Lee OB, Lam JJ. The role of intraoperative 
frozen section in decision making in revision hip and knee arthroplasties in a local 
community hospital. J Arthroplasty. 2005;20(2):189–195. 

46. Kwiecien G, George J, Klika AK, Zhang Y, Bauer TW, Rueda CAH. 
Intraoperative frozen section histology: matched for musculoskeletal infection society 
criteria. J Arthroplasty. 2017;32(1):223–227. 

47. Luyckx L, Somers JFA, Cokelaere K, Deloose S, Delrue G, Hermans L. 
Intraoperative frozen section histopathology for the diagnosis of periprosthetic 
joint infection in hip revision surgery: the influence of recent dislocation and/or 
periprosthetic fracture. Hip Int. 2022;32(1):87–93. 

	

	 	

	 	  

	 	

	 	

	 	

	 	    

	 	

	 	


	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

	 	

https://aaos.org/quality/quality-programs/tumor-infection-and-military-medicine-programs/diagnosis--prevention-of-periprosthetic-joint-infections
https://aaos.org/quality/quality-programs/tumor-infection-and-military-medicine-programs/diagnosis--prevention-of-periprosthetic-joint-infections
https://aaos.org/quality/quality-programs/tumor-infection-and-military-medicine-programs/diagnosis--prevention-of-periprosthetic-joint-infections


Follow us @BoneJointJ

I. K. SIGMUND, M. BUE, L. KRUSE JENSEN, M. A. MCNALLY, J. PARVIZI, M. SABATER-MARTOS1164

THE BONE & JOINT JOURNAL 

48. Nuñez LV, Buttaro MA, Morandi A, Pusso R, Piccaluga F. Frozen sections of 
samples taken intraoperatively for diagnosis of infection in revision hip surgery. Acta 
Orthop. 2007;78(2):226–230. 

49. Pace TB, Jeray KJ, Latham JT Jr. Synovial tissue examination by frozen section 
as an indicator of infection in hip and knee arthroplasty in community hospitals. J 
Arthroplasty. 1997;12(1):64–69. 

50. Sigmund IK, Holinka J, Lang S, et al. A comparative study of intraoperative frozen 
section and alpha defensin lateral flow test in the diagnosis of periprosthetic joint 
infection. Acta Orthop. 2019;90(2):105–110. 

51. Spangehl MJ, Masri BA, O’Connell JX, Duncan CP. Prospective analysis of 
preoperative and intraoperative investigations for the diagnosis of infection at the 
sites of two hundred and two revision total hip arthroplasties. J Bone Joint Surg Am. 
1999;81-A(5):672–683. 

52. Wu C, Qu X, Mao Y, et al. Utility of intraoperative frozen section in the diagnosis of 
periprosthetic joint infection. PLoS One. 2014;9(7):e102346. 

53. Zagra L, Villa F, Cappelletti L, Gallazzi E, Materazzi G, De Vecchi E. Can 
leucocyte esterase replace frozen sections in the intraoperative diagnosis of 
prosthetic hip infection? Bone Joint J. 2019;101-B(4):372–377. 

54. Sigmund IK, Yeghiazaryan L, Luger M, Windhager R, Sulzbacher I, McNally
MA.

 
 Three to six tissue specimens for histopathological analysis are most accurate 

for diagnosing periprosthetic joint infection. Bone Joint J. 2023;105-B(2):158–165. 
55. Krenn V, Morawietz L, Perino G, et al. Revised histopathological consensus classification 

of joint implant related pathology. Pathol Res Pract. 2014;210(12):779–786. 
56. Wouthuyzen-Bakker M, Shohat N, Sebillotte M, Arvieux C, Parvizi J, Soriano

A.
 

 Is Gram staining still useful in prosthetic joint infections? J Bone Jt Infect. 
2019;4(2):56–59. 

57. Ouyang Z, Zhai Z, Qin AN, et al. Limitations of gram staining for the diagnosis of 
infections following total hip or knee arthroplasty. Exp Ther Med. 2015;9(5):1857–1864. 

58. Atkins BL, Athanasou N, Deeks JJ, et al. Prospective evaluation of criteria for 
microbiological diagnosis of prosthetic-joint infection  at revision arthroplasty. The 
OSIRIS Collaborative Study Group. J Clin Microbiol. 1998;36(10):2932–2939. 

Author information:
I. K. Sigmund, PD, MD, Orthopaedic Surgeon, Department of 
Orthopaedics, Medical University of Vienna, Vienna, Austria.

M. Bue, MD, PhD, Orthopaedic Surgeon, Department of Orthopedic 
Surgery, Aarhus University Hospital, Aarhus, Denmark; Department of 
Clinical Medicine, Aarhus University, Aarhus, Denmark.

L. Kruse Jensen, MD, PhD, Professor, Department of Veterinary and 
Animal Sciences, University of Copenhagen, Frederiksberg, Denmark.

M. A. McNally, MD, FRCSEd, FRCS (Orth), Professor, Nuffield Orthopaedic 
Centre, Oxford University Hospitals, Oxford, UK.

J. Parvizi, MD, FRCS, Professor, Department of International Joint Center, 
Acibadem, Istanbul, Turkey.

M. Sabater-Martos, MD, PhD,  Orthopaedic Surgeon, Orthopedic and 
Traumatology Department, Hospital Clínic de Barcelona, Barcelona, Spain.

Author contributions:
I. K. Sigmund: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Validation, Visualization, Writing – original 
draft, Writing – review & editing.

M. Bue: Conceptualization, Data curation, Writing – review & editing.
L. Kruse Jensen: Conceptualization, Data curation, Writing – review & 
editing.
M. A. McNally: Conceptualization, Data curation, Writing – review & editing.
J. Parvizi: Conceptualization, Writing – review & editing.
M. Sabater-Martos:  Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Validation, Visualization, Writing – review & 
editing.

Funding statement:
The authors received no financial or material support for the research, 
authorship, and/or publication of this article.

ICMJE COI statement:
The authors have no disclosures to report. M. Bue reports lecturer/
speaker payments from Bonesupport ApS and Infectopharm, and stock 
or stock options in Precision Antibiotics ApS, all of which are unrelated to 
this study. M. McNally reports textbook royalties from Oxford University 
Press, consulting fees from Bonesupport AB and Peptilogics Inc, payment 
or honoraria for lectures, presentations, speakers bureaus, manuscript 
writing or educational events from Bonesupport AB, support for attending 
meetings and/or travel from Peptilogics Inc, and participation on the 
CONVICTION Trial Advisory Board, all of which are unrelated to this 
study. J. Parvizi reports grants or contracts from the National Institute 
of Health, Orthopedic Research and Education Foundation, Johnson & 
Johnson, Stryker Orthopedics, and Zimmer Biomet, royalties or licenses 
from Becton Dickinson (PSI), Corentec, Datatrace, Slack, Elsevier, Jaypee 
Publishers, and Zimmer Biomet, consulting fees from Becton Dickinson, 
Solventum, Cardinal Health, Ethicon, Osteal, and Zimmer Biomet, payment 
or honoraria for lectures, presentations, speakers bureaus, manuscript 
writing or educational events from Becton Dickinson, Zimmer Biomet, 
and Solventum, patents with Parvizi Surgical Innovation, CLEU, Povinez, 
Surgiwipe, and Corentec, and stock or stock options in Acumed, Ceribell, 
Coracoid, Corin, Efferent, Elute, Hip Innovation Technology, Illuminos, 
Intellijoint, Molecular Surface Technology, Nanooxygenics, Osteal, 
Parvizi Surgical Innovation, Peptilogic, Plasmology4, Sonata, Sonogen, 
and Tangen, all of which are unrelated to this study. J. Parvizi also holds 
leadership or fiduciary roles in the American Association of Hip and Knee 
Surgeons and the International Consensus Meeting. M. Sabater- Martos 
reports payment or honoraria for lectures, presentations, speakers 
bureaus, manuscript writing or educational events from Waldemar- Link 
Spain and Heraeus, unrelated to this study. I. K. Sigmund reports payment 
or honoraria for lectures, presentations, speakers bureaus, manuscript 
writing or educational events from Heraeus, unrelated to this study, and is 
Treasurer of the European Bone & Joint Infection Society.

Data sharing:
All data generated or analyzed during this study are included in the pub
lished article and/or in the supplementary material.

-

Acknowledgements:
We would like to thank ICM delegates (A. Stefansdottir, R. Sierra, F. 
Rosso, P. Randelli, M. Bostrom, M. Abolghasemian, J. Nace, Z. YiRong, K. 
Sukhonthamarn, and R. Burr) who assisted data extraction for a different 
purpose.

This article was primary edited by J. Scott.

 	

	 	

	 	

	 	


	 	

	 	


	 	


	 	

	 	

	 	

	 	


	Histological analysis in the diagnosis of periprosthetic joint infection of the hip and knee
	Aims
	Methods
	Results
	Conclusion
	Introduction
	Methods
	Results
	Discussion
	Take home message
	Supplementary material
	References
	Author information:
	Author contributions:
	Funding statement:
	ICMJE COI statement:
	Data sharing:
	Acknowledgements:


