
THE BONE & JOINT JOURNAL 372

J. Straub,
K. Staats,
K. Vertesich,
L. Kowalscheck,
R. Windhager,
C. Böhler

From Medical 
University of Vienna, 
Vienna, Austria

Correspondence should 

be sent to C. Böhler; 

email: christoph.boehler@ 

meduniwien.ac.at

© 2024 The British Editorial 

Society of Bone & Joint Surgery

doi:10.1302/0301-620X.106B4.

BJJ-2023-0638.R2 $2.00 

Bone Joint J
2024;106-B(4):372–379.

 � ARTHROPLASTY

Two- stage revision for periprosthetic joint 
infection after hip and knee arthroplasty
THE ROLE OF REIMPLANTATION HISTOLOGY IN REINFECTION 
RATE

Aims
Histology is widely used for diagnosis of persistent infection during reimplantation in two- 
stage revision hip and knee arthroplasty, although data on its utility remain scarce. There-
fore, this study aims to assess the predictive value of permanent sections at reimplantation 
in relation to reinfection risk, and to compare results of permanent and frozen sections.

Methods
We retrospectively collected data from 226 patients (90 hips, 136 knees) with peripros-
thetic joint infection who underwent two- stage revision between August 2011 and 
September 2021, with a minimum follow- up of one year. Histology was assessed via the 
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�SA�=J=HUVA@�SDAPDAN�L=PEAJPO�SEPD�LKOEPERA�LANI=JAJP�OA?PEKJO�
at reimplantation had higher reinfection rates than patients with negative histology. 
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of anatomical regions (knee versus hip), low- versus high- grade infections, as well as 
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chi- squared tests, and Kaplan- Meier estimates were calculated.

Results
Overall, the reinfection rate was 18%. A total of 14 out of 82 patients (17%) with positive 
permanent sections at reimplantation experienced reinfection, compared to 26 of 144 pa-
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ciated with reinfection or survival time for any of the analyzed sub- groups. Permanent and 
frozen section results were in agreement for 91% of cases.

Conclusion
Permanent and fresh frozen sections at reimplantation in two- stage revision do not serve 
as a reliable predictor for reinfection.

Cite this article: Bone Joint J 2024;106-B(4):372–379.

Introduction
Periprosthetic joint infection (PJI) after total joint 
replacement (TJR) is associated with consider-
able patient morbidity and mortality.1 There is 
a rising rate of primary TJR, which will in turn 
further increase the number of PJIs.2,3 Two- stage 
exchange is considered the gold- standard strategy 
in the treatment of PJIs with reported success rates 
up to 90%. Alternative strategies are one- stage 
exchange, debridement antibiotics and implant 

retention (DAIR), or three- stage revision, which 
is typically used in cases of fungal infections.4- 8

Recently, there have been numerous attempts 
to improve the diagnosis of persistent infection 
prior to the second stage of revision. However, 
GHVSLWH�D�YDULHW\�RI�VHURORJLFDO�DQG�V\QRYLDO�ÀXLG�
markers investigated before and during reimplan-
WDWLRQ��WKHUH�LV�QR�FRQVHQVXV�RQ�WKH�PRVW�H൵HFWLYH�
tests.9 ESR, CRP,10� V\QRYLDO� ÀXLG� FXOWXUH�� V\QR-
vial neutrophil percentage,9 serum white blood 
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cell (WBC) count,11 and synovial WBC count12 have so far 
RQO\�VKRZQ�PRGHUDWH�VHQVLWLYLW\�DQG�VSHFL¿FLW\�LQ�LGHQWLI\LQJ�
patients at risk of persistent infection and therefore at high risk 
of revision failure.9,13

Histological samples are routinely collected during reim-
plantation to provide a more comprehensive assessment of revi-
sion failure risk due to persistent infection.13 Histology plays 
an essential role in the diagnostic evaluation of PJIs at the time 
of explantation, according to the Musculoskeletal Infection 
Society (MSIS) and European Bone and Joint Infection Society 
(EBJIS) criteria.14,15 However, there is limited evidence on their 
utility during the second stage of revision. Neither before nor 
after the standardization of histological analysis through the 
6/,0�FRQVHQVXV�FODVVL¿FDWLRQ�KDYH�VWXGLHV�RU�FRQVHQVXV�VWDWH-
ments produced clear evidence on the clinical relevance of posi-
tive histology at reimplantation.14- 17 Current research has so far 
focused on frozen sections and MSIS criteria at reimplantation, 
revealing low sensitivity for both.13,16- 18

The aim of this study was to evaluate the diagnostic perfor-
mance of permanent sections at reimplantation in two- stage 
exchange total knee (TKA) or total hip arthroplasty (THA) to 
predict repeated failure due to reinfection. Further, we aimed to 
identify factors associated with positive permanent sections at 
the second stage of revision, and to compare frozen to perma-
nent section results.

Methods
This study was approved by the local ethics committee 
(Nr.1259/2021). Informed consent was not required for this 
retrospective data analysis.

Records from patients who underwent two- stage revision 
for PJI after TKA or THA at our institution between August 
2011 and September 2021 were retrospectively reviewed. Our 
ZRUNXS�LQFOXGHG�SUHRSHUDWLYH�EORRG�VDPSOHV�WR�DVVHVV�LQÀDP-
matory parameters, joint aspiration with analysis of synovial 
ÀXLG�IRU�:%&�FRXQW��SHUFHQWDJH�RI�SRO\PRUSKRQXFOHDU�QHXWUR-
phils, and microbiological investigations. Intraoperatively, 
three to six samples were sent for microbiological and histo-
pathological analysis. Cultures were held for 14 days.

MSIS criteria, and later the 2018 consensus criteria, were 
used to diagnose PJI and recurrent PJI after reimplantation, and 
UHLQIHFWLRQV�ZHUH�LQFOXGHG�LQ�WKLV�VWXG\�LI�WKH\�ZHUH�FODVVL¿HG�

as tier 3B or tier 3D according to the MSIS 2019 consensus 
statement (Supplementary Table i).18,19 The minimum follow- up 
duration was one year after reimplantation, and patients were 
excluded if two- stage revision failed for reasons other than rein-
fection, or due to missing data.

Patients routinely received spacers with vancomycin and 
gentamicin cement, usually lasting six to eight weeks. Anti-
biotics were administered according to a standard regimen, 
starting with two weeks of intravenous antibiotics after explan-
tation, followed by four weeks of oral antibiotics depending 
on the respective antibiogram and the recommendations of 
our infectious disease specialists until reimplantation. After 
the second stage, the antibiotics were continued intravenously 
IRU�DQRWKHU�WZR�ZHHNV�ZLWK�DGGLWLRQDO�DQWLELR¿OP�DFWLYH�GUXJV�
(fosfomycin or rifampicin) for one week, followed by four to 
ten weeks of oral antibiotics. The administration of antibiotics 
between stages, as well as after reimplantation, was performed 
in line with the long- interval antibiotics concept.20,21

$W�UHLPSODQWDWLRQ��¿YH�UHSUHVHQWDWLYH�VDPSOHV�ZHUH�REWDLQHG�
from the respective knee (tibia, femur, dorsal joint capsule, 
and synovial samples) or hip (femur, acetabulum, and synovial 
samples) depending on the assessment of the operating surgeon. 
3HUPDQHQW�VHFWLRQV�ZHUH�DVVHVVHG�E\�IRXU�VSHFL¿FDOO\� WUDLQHG�
pathologists (LK, see Acknowledgements), using the SLIM 
FRQVHQVXV�FODVVL¿FDWLRQ�DW� WKH� WLPH�RI� UHLPSODQWDWLRQ��SDWKRO-
ogists were thus unaware of the respective outcome at the time 
of analysis.16 SLIM I (particle induced) and SLIM IV (indif-
IHUHQW�� ZHUH� FODVVL¿HG� DV� QHJDWLYH� KLVWRORJ\�� ZKHUHDV� 6/,0�
II (infectious) and SLIM III (combination of particle- induced 
and infectious) were rated as positive histology. Positive results 
were further divided into high- grade and low- grade infec-
tions,22� ZLWK� D� FXWR൵� RI� ��� QHXWURSKLOLF� JUDQXORF\WHV� SHU� WHQ�
KLJK��SRZHU� ¿HOGV�23 We additionally collected data on frozen 
sections at reimplantation, which were also assessed using the 
6/,0� FODVVL¿FDWLRQ�� EDFWHULRORJLFDO� ¿QGLQJV� DW� H[SODQWDWLRQ��
and the number of previous revision surgeries. Staphylococcus 
aureus, coagulase- negative staphylococcus, fungal infections, 
enterococcus, streptococcus, pseudomonas, and multi- organism 
infections were considered high- virulence, while Staphy-
lococcus epidermidis, corynebacterium, Escherichia coli, 
enterobacter, propionibacterium, and proteus mirabilis were 
considered low- virulence.24

In addition, demographic data on age at reimplantation, sex, 
BMI, and diabetes were obtained. The Charlson Comorbidity 
Index (CCI) was used to summarize comorbidities.25

Statistical analysis. Demographic variables were analyzed de-
scriptively via median and quartile values for metric variables, 

Table I. Comparison of demographic variables between histology 

groups.

3=NE=>HA +AC=PERA�DEOPKHKCU Positive histology p- value

Cases, n 144 82

Male sex, n (%) 66 (46) 41 (50) 0.642*

Median age, yrs (IQR) 72 (64 to 77) 71 (61 to 79) 0.550†

Median BMI, kg/m2 

(IQR)

27.6 (23.4 to 31.2) 28.1 (24.3 to 32.3) 0.331†

Diabetes, n (%) 39 (27) 27 (33) 0.437*

Median CCI (IQR) 4 (3 to 5) 4 (2 to 5) 0.491*

Joint, n (%) 0.421*

Knee 90 (63) 46 (56)

Hip 54 (38) 36 (35)

*Chi- squared test.

†Wilcoxon signed- rank test.

CCI, Charlson Comorbidity Index; IQR, interquartile range.

Table II. Predictive properties of permanent sections at reimplantation 

compared between joints.

3=NE=>HA TKA (n = 136) THA (n = 90)

Sensitivity, % (95% CI) 36 (19 to 55) 33 (8 to 70)

0LA?Eł?EPU�Ġ���� &
 67 (57 to 77) 59 (48 to 70)

PPV, % (95% CI) 24 (15 to 35) 8 (3 to 19)

NPV, % (95% CI) 78 (72 to 82) 89 (83 to 93)

Accuracy, % (95% CI) 60 (51 to 68) 57 (46 to 67)

NPV, negative predictive value; PPV, positive predictive value; THA, 

total hip arthroplasty; TKA, total knee arthroplasty.
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and absolute numbers in combination with percentages for 
categorical variables. Depending on the respective distribu-
tion, groups were compared via independent- samples t- tests or 
Wilcoxon signed- rank tests. A chi- squared test was applied for 
FDWHJRULFDO�YDULDEOHV��RU�D�)LVKHU¶V�H[DFW�WHVW�IRU�IHZHU�WKDQ�¿YH�
REVHUYDWLRQV��6HQVLWLYLW\�� VSHFL¿FLW\�� SRVLWLYH�SUHGLFWLYH�YDOXH�
(PPV), negative predictive value (NPV), accuracy, and relative 
risk were calculated for contingency tables of dichotomous var-
iables. Kaplan- Meier curves were calculated and further ana-
lyzed through log- rank testing. All tests were performed in their 
WZR��VLGHG� YHUVLRQV� DW� D� VLJQL¿FDQFH� OHYHO� RI� ����� XVLQJ�5� Y��
4.2.2 (R Foundation for Statistical Computing, Austria).

Results
Demographic data. )URP�����LQLWLDOO\�LGHQWL¿HG�FDVHV�����ZHUH�
excluded due to revision failure for reasons other than reinfec-
WLRQ��DQG�¿YH�GXH�WR�PLVVLQJ�KLVWRORJLFDO�GDWD��7KH�UHPDLQLQJ�
226 records were used for further analysis, including 136 TKA 
and 90 THA revisions. The median follow- up duration was 
50.3 months (interquartile range (IQR) 20.8 to 90.4). Positive 
histology at explantation was given in 212 cases (94%). There 
was no association between revision failure and sex (p = 0.214, 
chi squared test), diabetes (p = 0.754, chi squared test), or CCI 
�S� ��������FKL�VTXDUHG�WHVW���ZKHUHDV�SDWLHQWV�VX൵HULQJ�IURP�UH-
LQIHFWLRQ�ZHUH�VLJQL¿FDQWO\�\RXQJHU��S����������:LOFR[RQ��WHVW��
and had a higher BMI (p = 0.036, Wilcoxon- test).
Histology at reimplantation and reinfection. Positive per-
manent sections at reimplantation were present in 82 (36%) of 
WKH�FDVHV��1R�VLJQL¿FDQW�GL൵HUHQFHV�ZLWK�UHJDUG�WR�VH[��DJH�DW�
revision, BMI, diabetes, CCI, or implant location were found 
between patients with positive and negative histology at reim-
plantation (Table I).

Overall, reinfection occurred in 40 (18%) two- stage revi-
sions. In total, 14 of 82 (17%) patients with positive histology 

DW� UHLPSODQWDWLRQ�VX൵HUHG� UHLQIHFWLRQ��FRPSDUHG� WR����RI�����
(18%) patients with negative histology (p = 0.996, chi squared 
WHVW���UHVXOWLQJ�LQ�D�VHQVLWLYLW\�RI�������VSHFL¿FLW\�RI�������339�
of 0.17, NPV of 0.82, accuracy of 58%, and relative risk of 
0.95. Kaplan- Meier survival estimates between positive and 
negative histology groups are given in Figure 1, and did not 
VLJQL¿FDQWO\�GL൵HU�EHWZHHQ�JURXSV��S� ��������ORJ�UDQN�WHVW���2I�
WKHVH����LQIHFWLRQV�����������RFFXUUHG�ZLWKLQ�WKH�¿UVW�\HDU�RI�
reimplantation, four (20%) of which had positive histological 
¿QGLQJV�DW�UHLPSODQWDWLRQ�
#NKVAJ�RANOQO�LANI=JAJP� OA?PEKJO��We were able to obtain 
additional frozen section results for 194 patients.
3RVLWLYH� IUR]HQ�VHFWLRQ� UHVXOWV�ZHUH�QRW�VLJQL൶FDQWO\�DVVR-

ciated with a higher risk of reinfection (p = 0.569, chi squared 
WHVW���:H�IRXQG�D�VHQVLWLYLW\�RI�������VSHFL¿FLW\�RI�������339�
of 0.22, and NPV of 0.82. In 177 cases (91%), the frozen and 
permanent section results were consistent.

A total of 48 frozen sections (25%) were indicative of 
LQÀDPPDWLRQ��2I�WKHVH�����������FDVHV�KDG�SRVLWLYH�SHUPDQHQW�
section results, while only one case (2%) had a negative perma-
nent section result. Among the 146 (75%) cases with negative 
frozen sections, 16 (11%) subsequently had positive permanent 
sections, 130 (89%) cases had negative ones, and 26 (18%) 
VX൵HUHG�UHLQIHFWLRQ�
High versus low grade at reimplantation. For 67 out of 82 pa-
WLHQWV�ZLWK�SRVLWLYH�KLVWRORJ\�DW�UHLPSODQWDWLRQ��������¿QGLQJV�
ZHUH� FODVVL¿HG� DV� ORZ��JUDGH� LQIHFWLRQ�� ZKHUHDV� LQ� ��� FDVHV�
(18%) a high- grade infection was detected. With a reinfection 
rate of 16% for low- and 20% for high- grade cases, there was no 
VLJQL¿FDQW�GL൵HUHQFH�IRXQG�EHWZHHQ�WKH�WZR�JURXSV��S� ��������
chi- squared test).
TKA versus THA. Overall, 31 of 136 (23%) TKA patients had 
a revision failure, as opposed to nine out of 90 (10%) THA pa-
tients. Positive histology was found in 46 of 136 (34%) TKA 
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Kaplan- Meier estimation of patients with negative versus patients with positive histology at reimplantation.
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revisions and 36 of 90 (40%) THA revisions (p = 0.421, chi- 
squared test), and was not associated with failure for reinfection 
LQ�HLWKHU�RI�WKH�WZR�JURXSV��S� �������IRU�7.$��FKL��VTXDUHG�WHVW��
p = 0.736 for THA, Fisher’s exact test). Reinfection rates sig-
QL¿FDQWO\�GL൵HUHG�EHWZHHQ�WKH�KLS�DQG�NQHH�FRKRUW��S� ��������
chi- squared test), as did Kaplan- Meier survival estimates (p = 
0.018, log rank test, Table II, Figure 2).
#ENOP�NAREOEKJ�RO�IQHPELHA�NAREOEKJO��For 122 patients (54.0%) 
LW�ZDV�WKHLU�¿UVW�UHYLVLRQ��ZKHUHDV�����SDWLHQWV���������KDG�DO-
ready undergone at least one prior revision. Repeated revisions 
were not associated with a higher rate of positive permanent 
VHFWLRQV� �S�  � ������� FKL��VTXDUHG� WHVW��� EXW� ZHUH� VLJQL¿FDQWO\�
linked to higher reinfection rates (p = 0.033, chi- squared test) 
and shorter implant survival (p = 0.031, log- rank test, Figure 3).
Bacterial cultures. Positive cultures were found in 166 of 
226 cases at explantation (74%), and in 31 of 226 cases at reim-
plantation (14%). Positive cultures did not correlate with pos-
itive histology at reimplantation (p = 0.764, chi- squared test), 
ZLWK�D�VHQVLWLYLW\�RI������VSHFL¿FLW\�RI������339�RI������139�
of 85%, and accuracy of 59%. In 26 cases (12%), more than one 
pathogen was detected at explantation, but there was no corre-
lation with positive histology at reimplantation (p = 0.589, chi- 
squared test). Positive cultures at reimplantation did not corre-
late with failure (p = 0.999, chi- squared test), with a sensitivity 
RI������VSHFL¿FLW\�RI������DQG�DFFXUDF\�RI�����

High- virulence pathogens were detected in 83 of 166 bacte-
ULDO�FXOWXUHV��������EXW�ZHUH�QRW�VLJQL¿FDQWO\�FRUUHODWHG�ZLWK�
positive histology at reimplantation (p = 0.871, chi- squared 
test) or failure for reinfection (p = 0.683, chi- squared test). 
An overview of pathogens at explantation is given in Figure 4.

Discussion
Diagnosis of persistent infection in two- stage revision arthro-
plasty remains a major challenge despite a multitude of 
pre- and intraoperative serological, synovial, or histological 

tests.10,12,13,26 Fresh frozen and permanent sections are therefore 
commonly used to further assess infection eradication at time 
of reimplantation, despite limited evidence on the validity of  
this approach.17,27,28

This study evaluates the largest patient cohort with both 
permanent and frozen sections at reimplantation in two- stage 
7.$�7+$� UHYLVLRQ� LQ� WKH� OLWHUDWXUH�� WKH� FORVHVW� FRPSDUDEOH�
study includes 97 patients.9 We demonstrated that neither 
permanent nor frozen section results can successfully predict 
the risk for reinfection after two- stage revision, which further 
XQGHUOLQHV� WKH� ¿QGLQJV� RI� WKH� ����� ,QWHUQDWLRQDO� &RQVHQVXV��
VWDWLQJ�WKDW�IUR]HQ�VHFWLRQV�VX൵HU�IURP�ORZ�VHQVLWLYLW\�DW�WLPH�
of reimplantation.17 Thus, positive histology joins the list of 
markers inadequate to assess infection persistence at the second 
stage of revision, such as ESR, CRP, serum WBC count, syno-
vial WBC count, and gram stains.9,10,12,13 Identifying patients 
ZKR�ZLOO�VX൵HU�UHLQIHFWLRQ�EDVHG�RQ� LQIRUPDWLRQ�DW� UHLPSODQ-
tation remains a major challenge, even if a combination of tests 
is used. Similar to one- stage revision, which has shown almost 
equivalent success rates in selected cases,4- 7 infection control 
may depend more on the accuracy and radicality of the debride-
ment than on the presence of infection- related histological 
changes, or the levels of serum and synovial markers.

Further, our results might help to explain why the MSIS 
FULWHULD��ZKLFK�DUH�SDUWO\�EDVHG�RQ�KLVWRORJLFDO�¿QGLQJV��KDYH�
so far not proven useful at the second stage of revision due 
to low sensitivity.17,27,29,30�$GGLWLRQDOO\�� HVWDEOLVKHG� FXWR൵V� IRU�
various markers used in initial PJI diagnosis may need further 
reassessment and adjustment to maintain validity at time  
of reimplantation.

Multiple studies have found agreement between frozen and 
permanent sections of over 90% for both hip and knee joints.31 
(YHQ�LQ�WKH�FDVH�RI�FRQWUDGLFWRU\�UHVXOWV��QR�H൵HFWV�RQ�SURVWKHVLV�
survival after staged revision have been demonstrated.14,15 Our 
¿QGLQJV�DOLJQ�ZLWK�SUHYLRXV�UHVXOWV��VKRZLQJ�D�����DJUHHPHQW�
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Fig. 2

Kaplan- Meier estimates of total knee arthroplasty (TKA) and total hip arthroplasty (THA) survival grouped into negative and positive histology, 

respectively.
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between both methods. With only a minimal gain in sensitivity 
compared to frozen sections, limited predictive power, and the 
availability of results only postoperatively, it is questionable 
whether the analysis of permanent sections is necessary in view 
of current evidence.
:H�IRXQG�D�PDUNHG�UHGXFWLRQ�LQ�KLVWRORJLFDO�¿QGLQJV�LQGLFD-

WLYH�RI�LQIHFWLRQ�EHWZHHQ�WKH�¿UVW�DQG�VHFRQG�VWDJH�RI�UHYLVLRQ��

as only 36% of the cases in our study presented with SLIM 
type II or III at reimplantation, compared to approximately 
60% at explantation reported by other authors and 94% in  
our cohort.15,22

2YHUDOO������RI�W\SH�,,�RU�,,,�VDPSOHV�ZHUH�FODVVL¿HG�DV�KLJK��
grade infection with more than 23 neutrophilic granulocytes per 
WHQ� KLJK��SRZHU� ¿HOGV�� +RZHYHU�� IDLOXUH� UDWHV� IRU� UHLQIHFWLRQ�
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Comparison of failure rates between groups, depending on positive (Histo +) or negative (Histo -) histology at reimplantation. THA, total hip 

arthroplasty; TKA, total knee arthroplasty. Bact, bacteria.
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were almost equal between low- and high- grade cases. Further, 
Munemoto et al32 reported the sporadic presence of neutrophilic 
JUDQXORF\WHV��ZKLFK�VHUYH�DV�D�EDVLV�IRU�WKH�6/,0�FODVVL¿FDWLRQ�
system, for 43% of patients at the second stage of hip revision 
GHVSLWH�QHJDWLYH�FXOWXUH�UHVXOWV�DQG�QR�FOLQLFDO�¿QGLQJV�LQGLF-
ative of persistent infection.16 This too raises the question of 
ZKHWKHU�RWKHU�FXWR൵V�DUH�QHHGHG�IRU�UHLPSODQWDWLRQ�

A possibility to compensate for the lack of predictive power 
RI�SHUPDQHQW�VHFWLRQV�DW�UHLPSODQWDWLRQ�OLHV�ZLWKLQ�WKH�UH¿QH-
PHQW� RI� WKH� 6/,0� FRQVHQVXV� FODVVL¿FDWLRQ��$Q� H[WHQVLRQ� RI�
the existing system to include type IX A and type IX B was 
proposed for evaluation in the second revision step. It involves 
WKH� TXDQWL¿FDWLRQ�RI� JUDQXORF\WHV� DQG� WKH�&'��� IRFXV� VFRUH��
which comprises the immunohistochemical detection of 
CD- 15- positive neutrophil granulocytes.22,33 However, further 
studies are needed to evaluate the added diagnostic and prog-
QRVWLF� YDOXH� RI� WKH� QHZO\� SURSRVHG� FODVVL¿FDWLRQ� FDWHJRULHV�
before including them in clinical practice.

Our results are comparable with current literature in terms 
of pathogen detection rates and microbiological spectrum, 
with 74% positive and 11% polymicrobial cultures at explan-
tation.34,35�7KHUH�ZDV�QR� VLJQL¿FDQW� DVVRFLDWLRQ�EHWZHHQ�SRVL-
tive histology at reimplantation and microbiological pathogen 
detection. A clear tendency towards lower sensitivity and 
RQO\�PRGHUDWH�VSHFL¿FLW\�ZLWK� UHJDUG� WR�FXOWXUH� UHVXOWV�DW� WKH�
second stage of revision was demonstrated, compared to what 
ZDV�SUHYLRXVO\�IRXQG�DW�WKH�¿UVW�VWDJH�RI�UHYLVLRQ�36 Permanent 
sections were therefore unreliable to rule out positive culture 
results, contrary to previous evidence showing that microbi-
ology is associated with reinfection after reimplantation.34

Success rates in staged revision currently range from 78% to 
95% in knees37,38 and 70% to 95% in hips,39 when no prior revi-
sions for infection had been performed. In the case of repeated 
revisions, reinfection rates rise up to 49% for knees and 43% 
for hips.40,41 We found reinfection rates after two- stage revision 
to be more than twice as high in knees (23%) compared to hips 
(10%), which is comparable with current literature.42 However, 

WKH�GL൵HUHQFH�LQ�SRVLWLYH�KLVWRORJ\�UDWHV�EHWZHHQ�NQHH�DQG�KLS�
joints was negligibly small, and almost identical sensitivity and 
VSHFL¿FLW\� ZDV� IRXQG� LQ� ERWK� JURXSV�� 'L൵HUHQFHV� UHJDUGLQJ�
PPV may be attributed to the lower number of patients in the 
KLS�FRKRUW��RU�GL൵HUHQFHV�LQ�KLVWRORJLFDO�VDPSOLQJ�WHFKQLTXHV��
George et al27 reported considerably higher sensitivity and area 
under the receiver operating characteristic curve for permanent 
sections in hip compared to knee joints when matched with 
06,6� FULWHULD� DW� UHLPSODQWDWLRQ�� EXW� WKHVH� GL൵HUHQFHV� ZHUH�
primarily due to the comparably small cohort of 38 knees and 
41 hips. Other authors have advised separate histological anal-
ysis of knee and hip joints,15 but there is a lack of evidence on 
ZKHWKHU�RU�QRW�GL൵HUHQW�LQÀDPPDWRU\�UHVSRQVHV�EHWZHHQ�MRLQWV�
RU�VDPSOLQJ�WHFKQLTXHV�FDXVH�FRQVLGHUDEOH�GL൵HUHQFHV�LQ�KLVWR-
logical analysis.42

This study has several limitations. First, its retrospective 
design and reduced sample size are subject to associated biases 
common to these studies, while our single- centre approach 
further limits generalizability. Second, histological analysis 
depends on the respective pathologists, and is prone to biases 
that could be overcome through blinded analysis. Third, the 
acquisition of samples is surgeon- dependent, which potentially 
LQÀXHQFHV�KLVWRORJLFDO�VDPSOH�TXDOLW\��DQG�WKHUHIRUH�WKH�DFFX-
racy of our analysis. Fourth, due to the extended follow- up dura-
tion, a haematogenous cause of reinfection cannot be excluded 
as a reason for reinfection with utmost certainty.

In conclusion, we demonstrated that permanent section 
results at reimplantation in two- stage revision have a high 
agreement with frozen section results, and provide no added 
value for estimating reinfection risk. We found low sensitivity 
DQG� VSHFL¿FLW\�� GHVSLWH� DQDO\VHV� EHLQJ� FRQGXFWHG� E\� VSHFL¿-
FDOO\�WUDLQHG�SDWKRORJLVWV��,Q�YLHZ�RI�FXUUHQW�HYLGHQFH��RXU�¿QG-
ings do not support the continued use of permanent sections at 
reimplantation. Further studies are needed to identify optimal 
combinations of suitable diagnostic and prognostic markers at 
the second stage of revision hip and knee arthroplasty.
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Fig. 4

a) Histological results at reimplantation categorized by pathogen groups, and b) failure rates based on the respective pathogen types. Pathogens 

considered as highly virulent are printed in bold. MRSA, methicillin- resistant Staphylococcus aureus.
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  Take home message
  - Histological analysis at reimplantation cannot reliably predict 

reinfection risk in two- stage revision hip or knee arthroplasty.

  - There is great agreement between frozen section and 

permanent section results at second stage, however both show limited 
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values with regard to failure risk.

  - Positive histological results at reimplantation are not associated with 

positive microbiological cultures at reimplantation.

Supplementary material
  7UHDWPHQW�RXWFRPHV�FODVVL¿HG�DFFRUGLQJ�WR�WKH�0XVFX-

loskeletal Infection Society periprosthetic joint infec-
tion reporting system.
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