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Abstract. Introduction: Periprosthetic joint infection (PJI) after hip revision surgery shows variable failure
rates, with the impact of osteomyelitis in the surrounding bone on outcomes remaining unclear. This study aims
to examine bone osteomyelitis prevalence and its impact on hip PJI revision outcomes. Material and methods:
This retrospective study reviewed 75 cases of chronic hip PJI patients undergoing hip revisions performed at a
single center between January 2019 and June 2023. Only cases with peri-implant bone samples submitted for
histology evaluation were included. Bone samples were assessed for osteomyelitis using histological criteria.
Risk factors, including demographic data, preoperative infections, and previous revisions, were analyzed. Statis-
tical significance was determined using Chi-square and Kaplan—Meier survival analysis (p < 0.05). Results: A
total of 52 cases of chronic hip PJI were included for final analysis. Up to 30.8 % of the cases (n = 16) presented
histological signs of osteomyelitis. The success rate among those 36 cases where no signs of osteomyelitis were
observed was 88.9 %, whereas, in the 16 cases where it was present, the rate dropped to 37.5 %. Histological
signs of osteomyelitis were significantly associated with a prior history of multiple surgeries and unsuccessful
antibiotic treatments (p = 0.01), the presence of a sinus tract (p = 0.01), and the need for additional debride-
ment with spacer exchange after the first stage of a two-stage revision (p = 0.001). Conclusion: Patients with
signs of osteomyelitis demonstrated a higher failure rate. Histological evaluation of periprosthetic bone should
ideally be performed during the first stage of revision surgery to guide second-stage management and to improve
outcomes.

tissue. Some cases of chronic PJI present with nonviable tis-

The failure rates following hip revision resulting from
chronic periprosthetic joint infection (PJI) are variable ac-
cording to the literature, with reinfection rates widely rang-
ing from 0% to 65 % (Hoberg et al., 2016; Rowan et al.,
2018). Several factors have been associated with failure, in-
cluding those related to the host (Mufloz-Mahamud et al.,
2021), the pathogen causing the infection (Dinh et al., 2024;
Lora-Tamayo et al., 2013), and the viability of soft and bone

sue, including necrotic bone fragments where bacteria can
survive protected from the exposure to systemic antibiotics.
It has been reported that complex chronic PJIs require signif-
icant bone resection to achieve infection control (Abdelaziz
et al., 2021); however, the prevalence and clinical impact of
this bone involvement in chronic septic hip revision remains
poorly defined. Our hypothesis is that the prevalence of os-
teomyelitis in septic hip revision surgery is underestimated,
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and it can be an important factor associated with worse out-
comes.

The primary objective of this study was to investigate the
prevalence of histological signs of osteomyelitis in prosthetic
hip septic revisions, to describe the characteristics of patients
with osteomyelitis, and to evaluate its potential impact on the
failure rates.

2 Material and methods

This was a single-center retrospective review of a prospec-
tively recruited cohort including all hip septic revisions that
were performed in our hospital from January 2019 to June
2023 (n =775). For the present study, only patients with a
preoperative diagnosis of chronic PJI were included. We ex-
cluded those patients who were lost to follow-up during the
first 12 months after the revision surgery and patients in
which the bone sample for analysis was not obtained. The
Institutional Review Board approved the study (register no.
HCB/2023/0902).

In all cases, the preoperative study started with a compre-
hensive physical examination and plain X-rays. Preoperative
quantification of C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) was routinely performed. Regard-
less of whether any of these tests suspected infection, syn-
ovial fluid was aspirated by a percutaneous puncture guided
by computerized tomography and submitted for cultures (as
well as for white blood cell count in those cases in which
enough volume was obtained). The data recorded included
the featured demographics (age and sex), American Society
of Anesthesiologists score (ASA), presence of a sinus tract,
current prolonged unsuccessful antibiotic treatment (defined
as more than 4 weeks of antibiotic therapy with evidence of
persistent or uncontrolled infection), microbiological results,
synovial fluid laboratory findings, and histology of both the
periprosthetic membrane and bone, as well as whether the
patient had undergone at least two previous surgical proce-
dures related to the infection within the 6 months prior to
the revision. Failure was defined as the need for re-revision
due to any cause and/or the need for antibiotic suppressive
therapy.

All cases that underwent one-stage revision were diag-
nosed and subsequently treated at our center. The cohort of
cases that underwent two-stage revision included both those
treated at our institution and others referred from external
centers following the failure of an initial medical or surgi-
cal approach. From the inception of the study, bone sam-
ples for histological analysis were systematically collected in
all cases of prosthetic revision due to infection. These sam-
ples were subsequently reviewed retrospectively as part of
the present study. Cases undergoing two-stage revision with-
out bone samples from the first stage correspond to patients
whose initial procedure had been performed at other institu-
tions or before the implementation of systematic bone sam-
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pling in our center. All surgical interventions were done by
surgeons specifically specializing in revision arthroplasties
in a laminar airflow equipped operating theater. Antibiotic
prophylaxis was administered at anaesthetic induction, prior
to the start of surgery, and was maintained intravenously un-
til adapted according to intraoperative culture results. In pa-
tients carrying an antibiotic spacer, the prosthesis-free inter-
val was measured in those undergoing spacer removal, either
for spacer exchange or for definitive reimplantation. This in-
terval was defined as the time elapsed between removal of
the infected prosthesis (first stage) and reimplantation of the
new implant (second stage) or between spacer implantation
and spacer exchange in cases where infection control was not
achieved after the first stage.

In all cases, synovial fluid was aspirated and sent to the
laboratory for white blood cell count, neutrophil count, and
microbiological analysis. Our microbiological protocol for
culture sample collection features two synovial fluid samples
(routinely inoculated into blood culture flasks) and two tis-
sue samples from the neo-synovium, as well as two tissue
samples from the interface membrane. In addition, two in-
terface membrane samples were submitted for histology in
accordance with the adaption by Feldman and Mirra’s cri-
teria (Feldman et al., 1995; Mirra et al., 1976), and at least
one bone sample for histological analysis was ground from
either bone and/or acetabulum according to the surgeon’s
own judgment based on both macroscopic findings and com-
plementary tools when available, for instance, preoperative
imaging (computerized tomography, magnetic resonance, or
single-photon emission computerized tomography) or bone
autofluorescence detection under ultraviolet light (Lew and
Waldvogel, 2004; Urish and Cassat, 2020). Microscopically,
osteomyelitis was defined by the presence of acute and/or
chronic inflammatory cells, with or without associated bone
necrosis (Fig. 1). The definitive diagnosis of PJI was estab-
lished according to the criteria defined according to European
Bone and Joint Infection Society (EBJIS) criteria (McNally
etal., 2021).

Continuous variables reported are the median and in-
terquartile range (IQR). Categorical variables reported are
the total number and percentage (%) and were compared
using the Chi-square test or Fisher’s exact test. Non-
parametric continuous variables were compared using the
Mann—Whitney U test. A two-sided p < 0.05 was consid-
ered to be statistically significant. The log-rank test was used
to compare the cumulative probability of revision according
to the results of bone histology and time from revision to any-
cause failure. Kaplan—-Meier curves were plotted with 95 %
confidence intervals. Analyses were performed in the SPSS®
v. 30.0 statistical package (SPSS, Inc. Chicago, Il, USA).
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Figure 1. Histological images corresponding to two representative cases of osteomyelitis, as presented in Table 2. Panels (A) and (B)
correspond to case 5, illustrative of a more acute presentation, while panels (C) and (D) represent case 8, indicative of a more chronic
process. (A) Histological section (H&E, x200) showing lamellar bone infiltrated by dense neutrophil infiltration (black arrows). (B) High-
power view (H&E, x400) revealing an area of necrotic bone (asterisks) surrounded by abundant neutrophils (black arrows) and cellular
debris. (C) Histological section (H&E, x200) showing trabecular bone displaying reactive changes, with bone marrow exhibiting fibrosis
and chronic inflammatory infiltrates (dashed-line box). (D) Histological section (H&E, x200) showing necrotic bone (asterisks) surrounded
by fibrosis and inflammatory cells (dashed-line box) and cellular debris (dashed arrows).

3 Results

Out of the 75 septic hip revisions performed during the
study period, a total of 23 cases were excluded due to the
lack of histological bone samples for analysis. Finally, a to-
tal of 52 cases undergoing hip septic revision procedures
were included for the final analysis. The median age was
64.0 years, including 20 women and 32 men. A total of 16
cases (30.8 %) involved one-stage septic revision, 15 cases
(28.8 %) involved the first stage of a two-stage revision, and
21 cases (40.4 %) involved the second stage of a two-stage re-
vision (Table 1). A total of 11 cases (21.2 %) presented with
a sinus tract at the time of surgery; among these, nine under-
went the first stage of a two-stage revision, while only two
underwent a single-stage revision. Out of the 52 analyzed
procedures, 16 (30.8 %) presented histological signs of os-
teomyelitis (Table 2).

We identified three main clinical characteristics associated
with the presence of histological signs of osteomyelitis. First
was those cases in which the patient had undergone multiple
prior surgeries and experienced prolonged unsuccessful an-
tibiotic treatments (p = 0.01). Aside from this, all of these
cases were also associated with higher levels of acute-phase
reactants, primarily driven by an elevation in the ESR. Sec-
ond was the presence of a sinus tract. Among the 11 cases
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with a sinus tract, only 2 belonged to the group that under-
went a one-stage revision, while the remaining 9 were part
of the group in which the first stage of a two-stage revi-
sion was performed (p = 0.01). Finally, the strongest asso-
ciation was observed in cases involving the first stage of a
two-stage septic revision that failed due to persistent infec-
tion and that required additional debridement with spacer ex-
change (p = 0.001).

In cases where no signs of osteomyelitis were observed,
the 1-year failure rate was 11.1 %. Conversely, when os-
teomyelitis was present, the failure rate increased markedly
to 62.5 %, primarily due to the need for additional debride-
ment and spacer exchange (Fig. 2).

In cases requiring a spacer exchange, the median (IQR)
interval between surgeries was 3.2 weeks (2.0-9.0). The me-
dian (IQR) time between first-stage surgery and reimplanta-
tion was 27.0 weeks (10.1-57.6). Although not statistically
significant (p = 0.09), a trend toward shorter intervals was
observed in patients with osteomyelitis.

4 Discussion
The success rate of septic revision, whether conducted in one

or two stages, typically falls within the range of approxi-
mately 80 % to 95 % according to various series (Akgiin et
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Table 1. Main demographics of the patients included for the final analysis, according to the presence of histological signs of osteomyelitis.
SD: standard deviation; CNS: coagulase-negative staphylococci; GNB: gram-negative bacilli; ASA: American Society of Anesthesiologists;

BMI: body mass index; PJI: prosthetic joint infection.

Characteristics Presence of osteomyelitis p value
All cases Yes No
(n =52, 100 %) (n =16, 30.8 %) (n =36, 69.2 %)
Median (IQR) age 64.0 (49.2-75.0) 60.0 (38.0-68.2) 66.0 (55.0-79.2)
Sex (%) 0.75
Male 32 (61.5 %) 9 (56.3 %) 23 (63.9 %)
Female 20 (38.5 %) 7 (43.8 %) 13 (36.1 %)
ASA score (%) 0.79
I-1T 26 (50.0) 9 (56.3 %) 17 (44.4 %)
I-1v 26 (50.0) 7 (43.8 %) 19 (47.2 %)
Median (IQR) BMI 27.7 (24.2-31.6) 29.5 (23.8-37.3) 26.3 (24.2-31.1)
Type of revision (%) 0.01
One-stage 16 (30.8 %) 1 (6.3 %) 15 (41.7 %)
Two-stage
First stage 15 (28.8 %) 13 (81.3 %) 2 (5.6%)
Second stage 21 (40.4 %) 2 (12.5) 19 (52.8 %)
Laboratory values
Median (IQR) CRP 2.1(0.8-4.4) 4.3 (1.5-13.0) 1.2 (0.5-3.2)
CRP > lmgdL_1 35 (67.3 %) 13 (81.3 %) 22 (61.1 %) 0.17
Median (IQR) ESR 27.0 (9.5-65.0) 66 (35.0-83.0) 20 (7.5-48.0)
ESR > 30mmh~! 19 (36.5 %) 9 (56.3 %) 10 (27.8 %) 0.01
Microorganism (%)™
CNS 17 (32.7 %) 4 (25.0%) 13 (36.1 %)
Staphylococcus  epider- 13 (25.0%) 3 (18.7 %) 10 (27.8 %)
midis 1(1.9%) 0 1(2.8%)
Staphylococcus lugdunen- 3(5.8%) 1(6.2%) 2(55%)
Sis 3(5.8%) 1(6.2%) 2 (5.5%)
Other CNS 3(5.8%) 1 (6.2 %) 2 (5.5%)
Staphylococcus aureus 3(5.8%) 2 (12.5 %) 1(2.8%)
Streptococcus spp. 2(3.8%) 1(6.2%) 1(2.8%)
Cutibacterium acne 3(5.8%) 2 (12.5 %) 1(2.8%)
Proteus mirabilis 1 (1.9 %) 1 (6.2 %) 0
Escherichia coli 3(5.8%) 3 (18.7 %) 0
Pseudomonas aeruginosa 1(1.9%) 0 1(2.8%)
Enterococcus spp. 2 (3.8%) 1(6.2 %) 1(2.8%)
Bacillus spp. 1(1.9%) 0 1 (2.8%)
Candida spp. 1(1.9%) 0 1(2.8%)
Micrococcus spp. 16 (30.8 %) 2 (12.5%) 14 (38.9)
Prevotella spp.
Negative cultures
Polymicrobial infection (%) 11 (21.2%) 4(25.0%) 7(19.4) 0.07
Sinus tract (%) 11 (21.2 %) 9 (56.3 %) 2(5.6) 0.01
Any-cause failure (%) 14 (26.9 %) 10 (62.5 %) 4(11.1) 0.01
Postoperative acute PJI 2 (3.8%) 1(6.3%) 1(2.8%)
Persistence of infection 9 (17.3 %) 8 (50.0 %) 1(2.8%)
Suppressive antibiotic 2 (3.8 %) 0 2 (5.6 %)
Death related to PJI 1(1.9%) 1(6.3%) 0
Under long antibiotic treatment 20 (38.5 %) 13 (81.3 %) 7 (19.4 %) 0.01

* Microorganisms isolated in cultures from samples obtained during the index surgery for analysis.
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Figure 2. Kaplan—Meier survival curve showing significant differ-
ences in the probability of any-cause failure according to the pres-
ence of histological signs of osteomyelitis.

al., 2018; Hoberg at al., 2016; Kunutsor et al., 2018). It has
been proposed that a plausible cause of persistent infection
after septic hip revision may stem from the presence of non-
viable bone in the proximal femur, in contact with the artic-
ular cavity.

In certain cases, implant-associated osteomyelitis may
lead not only to the destruction of the implant cavity contour
but also to the development of an avascular zone of necrotic
bone tissue and associated hypoxia. Such local tissue alter-
ations may hinder both antibiotic penetration and oxygen de-
livery (Jensen et al., 2017). Nonetheless, histological find-
ings are often non-pathognomonic and do not allow for a
definitive distinction between bone infection and inflamma-
tion. Our observations most likely reflect the involvement of
the adjacent bone in periprosthetic infection, where both os-
teomyelitis and osteitis processes may coexist to varying de-
grees. Moreover, the inflammatory cells observed in PJI do
not originate solely from the joint or the implant itself but
may migrate from the peripheral circulation and surround-
ing tissues and can therefore be consistently identified within
the bone adjacent to an infected implant (Biedermann et al.,
2023). Consequently, the findings probably represent a con-
tinuum of inflammatory and infectious changes extending
into the cortical bone surrounding the implant or the im-
plant cavity, making the strict use of either term (osteitis
or osteomyelitis) challenging in certain cases. It must also
be acknowledged that repeated surgical interventions may
contribute to the inflammatory changes observed in the sur-
rounding bone. In the present series, a tendency toward more
pronounced bone inflammation was noted in cases with a re-
cent surgical procedure, suggesting that, in some instances,
these findings might represent a reactive postoperative pro-
cess rather than persistent infection.

The present series highlights that those cases without his-
tological evidence of osteomyelitis achieved a success rate of
88.9 %, whereas this rate decreased significantly to 37.5 % in
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those cases with confirmed osteomyelitis. Abdelaziz et al. re-
ported a series of 57 one-stage septic revisions in which prox-
imal femoral resection was frequently required to reduce the
risk of recurrent infection (Abdelaziz et al., 2021). This deci-
sion, however, is often made intraoperatively based on direct
surgical findings, underlining how identifying non-viable
bone can be challenging yet essential for infection control.
Beyond biofilm on the implant surface, residual bone infec-
tion has also been proposed as a potential cause of failure
in patients under suppressive antibiotic therapy (Escudero-
Sanchez et al., 2020).

In our cohort, histological signs of osteomyelitis were
more frequently observed in cases with multiple prior surg-
eries, sinus tract formation, or prolonged unsuccessful an-
tibiotic therapy, suggesting a higher degree of chronicity. In
line with our results, Abdelaziz et al. (2021) identified the
presence of a sinus tract, longer duration from primary im-
plantation to index infection, and multiple prior revisions as
predictors of proximal resection due to non-viable bone. In
our retrospective series, histological bone samples were ob-
tained in more than half of the patients; however, in some
cases, limited bone stock hindered adequate sampling, po-
tentially compromising implant stability. In such situations,
surgeons may opt for a targeted biopsy of bone suspected to
be affected by osteomyelitis, aiming to improve diagnostic
accuracy and to guide resection. However, as osteomyelitis
can be irregularly distributed (Sigmund et al., 2023), unde-
tected infected areas may persist despite targeted sampling.
Based on these considerations, the bone sampling strategy
becomes a key component of the diagnostic process. Obtain-
ing multiple bone samples (ideally three to six) during the
first-stage procedure, when active infection is most likely, is
recommended (McNally et al., 2021; Sigmund et al., 2023).
This approach increases the likelihood of detecting infection
that may otherwise be missed with limited or localized sam-
pling, thereby improving diagnostic accuracy. Moreover, ad-
equate histological information from the first stage can guide
more precise bone resection and reconstruction decisions at
reimplantation, potentially reducing residual infection and
improving outcomes.

It remains crucial to acknowledge the diagnostic chal-
lenges associated with persistent bone infection. While os-
teitis refers to bone inflammation without necessarily imply-
ing infection, osteomyelitis may lack specific features that
clearly distinguish it from other inflammatory or reactive
processes, particularly in limited tissue samples. Correlation
with the clinical course and complementary investigations
are therefore essential (Muiioz-Mahamud et al., 2021). At
the time of reimplantation, inflammatory changes observed
in bone samples may reflect either residual infection or a
reparative response to the first-stage surgery. Differentiat-
ing between these entities based solely on histology is often
difficult and should rely on integration with intraoperative
assessment and microbiological findings. However, in the
present series, bone samples obtained for histological evalu-
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Figure 3. (A) Anteroposterior pelvic radiograph of a patient with chronic prosthetic joint infection of the left hip. The patient had pre-
viously undergone multiple procedures involving osteosynthesis material. Both the patient’s medical history and the diffuse radiographic
appearance of the proximal femur suggested bone involvement compatible with osteomyelitis. (B) A wide resection of the proximal femur
was undertaken, and a preformed spacer was implanted. Histological analysis revealed mild neutrophil infiltration and chronic inflammatory
changes within trabecular bone and bone marrow, consistent with osteomyelitis. (C) Hip reconstruction was subsequently performed using
a megaprosthesis owing to the substantial bone loss in the proximal femur. This procedure may also be undertaken in a one-stage approach,
although accurately determining the true extent of femoral bone involvement can be challenging.

ation were not systematically submitted for microbiological
culture. In some cases, the limited amount of bone and the
need to preserve stock prevented additional sampling. Per-
forming parallel histological and microbiological assessment
could provide complementary information and may help bet-
ter characterize bone involvement in future studies.

Surgical excision of non-viable bone is often challeng-
ing due to the difficulty in distinguishing necrotic from vi-
able tissue. Few tools are available to assist surgeons dur-
ing this process, and bone appearance remains somewhat
subjective and dependent on the surgeon’s judgment (Ab-
delaziz et al., 2021; Lew and Waldvogel, 2024; Rupp et
al., 2020). Alternative techniques have been proposed to vi-
sualize infected tissue, such as laser Doppler flowmetry or
intra-articular methylene blue (Duwelius and Schmidt, 1992;
Rosenberg and Khurana, 2016). In our experience, tetracy-
cline bone labeling combined with Wood’s lamp detection of
non-viable bone provided a visual contrast between viable
and necrotic areas under ultraviolet light (McPherson et al.,
2002). In the present series, none of the patients were un-
dergoing tetracycline treatment at the time of bone sample
collection; however, when available, Wood’s lamp was used
intraoperatively to guide sampling (Fig. 4) as some tissues
have been reported to exhibit autofluorescence under UV il-
lumination (Hoell et al., 2006; Rowan et al., 2018; Swion-
tkowski, 1990; Yoshiga et al., 2015). Other studies, however,
have found that autofluorescence-guided sampling does not
appear to be superior to conventional techniques (Giudice et
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al., 2018). Hence, the efficacy of UV illumination without
prior tetracycline labeling remains debatable.

Limitations of the study include its retrospective design
and potential biases. The series comprises heterogeneous
cases of septic revision, with the choice between one-stage
and two-stage strategies being subjectively determined by
the surgeon based on experience and preoperative tests. Ac-
curately determining the exact number of previous surg-
eries and the precise duration of prior antibiotic treatments
proved to be challenging, particularly in patients referred
from other centers, where medical records were often incom-
plete and where treatment regimens were inconsistently ad-
ministered over extended periods. These factors inevitably
limit the strength of the conclusions that can be drawn from
the present study. Another limitation of the study is the loss
of patients undergoing revision surgery where bone sam-
ples for analysis were not obtained. It is noteworthy that the
majority of these cases involved one-stage revisions where
bone preservation is highly prioritized, making it so that it is
not always straightforward to obtain bone samples. Further-
more, bone samples obtained for histological analysis were
not systematically submitted for microbiological culture as,
in several cases, the limited bone stock precluded additional
sampling. Incorporating both histological and microbiolog-
ical assessment could have provided complementary infor-
mation and should be considered in future studies. Finally,
a key limitation of the present study concerns the method of
bone sampling. In each case, the sample was obtained from

J. Bone Joint Infect., 11, 43-52, 2026
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Figure 4. (A) Intraoperative clinical photographs showing the anterior aspect of the proximal femur of a patient operated on using an
anterolateral approach. The picture exemplifies the usual difficulty in distinguishing viable from necrotic bone. (B) The surgical field after
the utilization of fluorescent light as an example of an intraoperative tool to aid in bone sample collection. Under the black light, viable
metaphyseal bone is supposed to glow greenish, whereas all of that bone failing to fluoresce may be considered to be necrotic.

the site the surgeon considered to be most appropriate, pri-
marily based on intraoperative judgment. A major drawback
lies in the fact that histological analysis was performed on
a single bone specimen, typically from the femur and, in
some instances, the acetabulum. Given that osteomyelitis is
not uniformly distributed within bone, there is a risk of over-
looking focal areas of infection. Previous studies, including
that of Sigmund et al., have demonstrated that multiple sam-
ples significantly improve diagnostic accuracy (Sigmund et
al., 2023). It is therefore possible that a more extensive sam-
pling protocol might have identified histological signs of in-
fection in all cases, potentially influencing the interpretation
of our results. In this regard, a standardized approach involv-
ing multiple samples from defined areas of both the femur
and acetabulum should be considered. Prospective studies
with larger cohorts are needed to clarify the true impact of
osteomyelitis on the outcome of septic hip revision.

5 Conclusions

In conclusion, patients with signs of osteomyelitis demon-
strated a higher failure rate. Histological evaluation of
periprosthetic bone should ideally be performed during the
first stage of revision surgery to guide second-stage manage-
ment and to improve outcomes. The presence of osteomyeli-
tis was predominantly identified in cases characterized by
the presence of a sinus tract, a history of multiples surgeries
followed by prolonged unsuccessful antibiotic treatments,
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and subsequent failure requiring additional debridement and
spacer exchange.

Data availability. Raw data can be made accessible upon rea-
sonable request to the corresponding author (Ernesto Mufioz-
Mahamud: emunoz@clinic.cat).

Author contributions. EMM and AS conceived and designed the
study. EMM performed the statistical analysis. EMM and MR gath-
ered the data. EMM and AS wrote the paper. AC and LM reviewed
the paper. JAFV, ABL, and AA critically reviewed the data interpre-
tation and the paper.

Competing interests. At least one of the (co-)authors is a mem-
ber of the editorial board of Journal of Bone and Joint Infection.
The peer-review process was guided by an independent editor, and
the authors also have no other competing interests to declare.

Ethical statement. The authors confirm that the present study has
been performed in accordance with the principles of the Declaration
of Helsinki. The Institutional Review Board of the Hospital Clinic
of Barcelona approved the study (register no. HCB/2023/0902).

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-

https://doi.org/10.5194/jbji-11-43-2026



E. Mufioz-Mahamud et al.: Osteomyelitis in peri-implant bone of hip prosthetic joint infection 51

lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. The authors bear the ultimate responsibil-
ity for providing appropriate place names. Views expressed in the
text are those of the authors and do not necessarily reflect the views
of the publisher.

Acknowledgements. ChatGPT-4 was utilized exclusively as a
language correction tool in the initial stages of preparation of this
article.

Review statement. This paper was edited by Rihard Trebse and
reviewed by four anonymous referees.

References

Abdelaziz, H., Schroder, M., Shum Tien, C., Ibrahim, K.,
Gehrke, T., Salber, J., and Citak, M.: Resection of the prox-
imal femur during one-stage revision for infected hip arthro-
plasty: risk factors and effectiveness, Bone Joint J., 103-
B, 1678-1685, https://doi.org/10.1302/0301-620X.103B11.BJJ-
2021-0022.R1, 2021.

Akgtin, D., Perka, C., Trampuz, A., and Renz, N.: Outcome of
hip and knee periprosthetic joint infections caused by pathogens
resistant to biofilm-active antibiotics: results from a prospec-
tive cohort study, Arch. Orthop. Trauma Surg., 138, 635-642,
https://doi.org/10.1007/s00402-018-2886-0, 2018.

Biedermann, L., Bandick, E., Ren, Y., Tsitsilonis, S., Don-
ner, S., Miiller, M., Duda, G., Perka, C., and Kienzle, A.:
Inflammation of bone in patients with periprosthetic joint
infections of the knee, JBJS Open Access, 8, ¢22.00101,
https://doi.org/10.2106/JBJS.0A.22.00101, 2023.

Dinh, A., McNally, M., D’ Anglejan, E., Mamona Kilu, C., Lourtet,
J., Ho, R., Scarborough, M., Dudareva, M., Jesuthasan, G.,
Ronde-Oustau, C., Klein, S., Escola-Vergé, L., Rodriguez-Pardo,
D., Delobel, P.,, Lora-Tamayo, J., Manchefio-Losa, M., Sorli-
Red6, M. L., Barbero-Allende, J. M., Arvieux, C., Vaznaisiene,
D., Bauer, T., Roux, A. L., Noussair, L., Corvec, S., Fernandez-
Sampedro, M., Rossi, N., Lemaignen, A., Costa Salles, M.
J., Cunha Ribeiro, T., Mazet, J., Sasso, M., Lavigne, J. P,
Sotto, A., Canoui, E., Senneville, E., Thill, P, Lortholary, O.,
Lanternier, F., Morata, L., Soriano, A., Giordano, G., Fourcade,
C., Franck, B. J. H., Hofstitter, J. G., Duran, C., Bonnet, E.,
and the European Society of Clinical Microbiology and Infec-
tious Diseases Study Group on Implant Associated Infections
(ESGIAI): Prosthetic joint infections due to Candida species:
a multicenter international study, Clin. Infect Dis., ciae395,
https://doi.org/10.1093/cid/ciae395, 2024.

Duwelius, P. J. and Schmidt, A. H.: Assessment of bone viability in
patients with osteomyelitis: preliminary clinical experience with
laser Doppler flowmetry, J. Orthop. Trauma, 6, 327-332, 1992.

Escudero-Sanchez, R., Senneville, E., Digumber, M., Soriano,
A., Del Toro, M. D., Bahamonde, A., Del Pozo, J. L., Guio,
L., Murillo, O., Rico, A., Garcia-Pais, M. J., Rodriguez-
Pardo, D., Iribarren, J. A., Fernidndez, M., Benito, N.,
Fresco, G., Muriel, A., Ariza, J., and Cobo, J.: Suppres-
sive antibiotic therapy in prosthetic joint infections: a mul-

https://doi.org/10.5194/jbji-11-43-2026

ticentre cohort study, Clin. Microbiol. Infect., 26, 499-505,
https://doi.org/10.1016/j.cmi.2019.09.007, 2020.

Feldman, D. S., Lonner, J. H., Desai, P., and Zuckerman, J. D.: The
role of intraoperative frozen sections in revision total joint arthro-
plasty, J. Bone Joint Surg. Am., 77, 1807-1813, 1995.

Giudice, A., Bennardo, F., Barone, S., Antonelli, A., Figliuzzi, M.
M., and Fortunato, L.: Can autofluorescence guide surgeons in
the treatment of medication-related osteonecrosis of the jaw? A
prospective feasibility study, J. Oral Maxillofac. Surg., 76, 982—
995, https://doi.org/10.1016/j.joms.2017.11.020, 2018.

Hoberg, M., Konrads, C., Engelien, J., Oschmann, D., Holder, M.,
Walcher, M., Steinert, A., and Rudert, M.: Similar outcomes be-
tween two-stage revisions for infection and aseptic hip revisions,
Int. Orthop., 40, 459—464, https://doi.org/10.1007/s00264-015-
2850-3, 2016.

Hoell, T., Huschak, G., Beier, A., Hiittmann, G., Minkus, Y.,
Holzhausen, H. J., and Meisel, H. J.: Autofluorescence of inter-
vertebral disc tissue: a new diagnostic tool, Eur. Spine J., 15,
687-695, 2006.

Jensen, L. K., Koch, J., Henriksen, N. L., Bue, M., Tottrup, M.,
Hanberg, P., and Jensen, H. E.: Suppurative inflammation and
local tissue destruction reduce the penetration of cefuroxime to
infected bone implant cavities, J. Comp. Pathol., 157, 308-316,
https://doi.org/10.1016/j.jcpa.2017.08.005, 2017.

Kunutsor, S. K., Whitehouse, M. R., Blom, A. W., Board, T., Kay,
P., Wroblewski, B. M., Zeller, V., Chen, S. Y., Hsieh, P. H., Masri,
B. A., Herman, A., Jenny, J. Y., Schwarzkopf, R., Whittaker,
J. P., Burston, B., Huang, R., Restrepo, C., Parvizi, J., Rudelli,
S., Honda, E., Uip, D. E., Bori, G., Mufioz-Mahamud, E., Dar-
ley, E., Ribera, A., Cafias, E., Cabo, J., Cordero-Ampuero, J.,
Redd, M. L. S., Strange, S., Lenguerrand, E., Gooberman-Hill,
R., Webb, J., MacGowan, A., Dieppe, P., Wilson, M., Beswick,
A. D., and the Global Infection Orthopaedic Management Col-
laboration: One- and two-stage surgical revision of periprosthetic
joint infection of the hip: a pooled individual participant data
analysis of 44 cohort studies, Eur. J. Epidemiol., 33, 933-946,
https://doi.org/10.1007/s10654-018-0377-9, 2018.

Lew, D. P. and Waldvogel, F. A.: Osteomyelitis, Lancet, 364, 369—
379, https://doi.org/10.1016/S0140-6736(04)16727-5, 2004.

Lora-Tamayo, J., Murillo, O, Iribarren, J. A., Soriano, A., Sdnchez-
Somolinos, M., Baraia-Etxaburu, J. M., Rico, A., Palomino,
J., Rodriguez-Pardo, D., Horcajada, J. P., Benito, N., Baha-
monde, A., Granados, A., Del Toro, M. D., Cobo, J., Ri-
era, M., Ramos, A., Jover-Sdenz, A., Ariza, J.,, and the
REIPI Group for the Study of Prosthetic Infection: A large
multicenter study of methicillin-susceptible and methicillin-
resistant Staphylococcus aureus prosthetic joint infections man-
aged with implant retention, Clin. Infect. Dis., 56, 182-194,
https://doi.org/10.1093/cid/cis 746, 2013.

McNally, M., Sousa, R., Wouthuyzen-Bakker, M., Chen, A. F,
Soriano, A., Vogely, H. C., Clauss, M., Higuera, C. A., and
TrebSe, R.: The EBJIS definition of periprosthetic joint infec-
tion, Bone Joint J., 103-B, 18-25, https://doi.org/10.1302/0301-
620X.103B1.BJJ-2020-1381.R1, 2021.

McPherson, E. J., Woodson, C., Holtom, P., Roidis, N., Shufelt, C.,
and Patzakis, M.: Periprosthetic total hip infection: outcomes us-
ing a staging system, Clin. Orthop. Relat. Res., 403, 8-15, 2002.

J. Bone Joint Infect., 11, 43-52, 2026



https://doi.org/10.1302/0301-620X.103B11.BJJ-2021-0022.R1
https://doi.org/10.1302/0301-620X.103B11.BJJ-2021-0022.R1
https://doi.org/10.1007/s00402-018-2886-0
https://doi.org/10.2106/JBJS.OA.22.00101
https://doi.org/10.1093/cid/ciae395
https://doi.org/10.1016/j.cmi.2019.09.007
https://doi.org/10.1016/j.joms.2017.11.020
https://doi.org/10.1007/s00264-015-2850-3
https://doi.org/10.1007/s00264-015-2850-3
https://doi.org/10.1016/j.jcpa.2017.08.005
https://doi.org/10.1007/s10654-018-0377-9
https://doi.org/10.1016/S0140-6736(04)16727-5
https://doi.org/10.1093/cid/cis746
https://doi.org/10.1302/0301-620X.103B1.BJJ-2020-1381.R1
https://doi.org/10.1302/0301-620X.103B1.BJJ-2020-1381.R1

52 E. Mufoz-Mahamud et al.: Osteomyelitis in peri-implant bone of hip prosthetic joint infection

Mirra, J. M., Amstutz, H. C., Matos, M., and Gold, R.: The pathol-
ogy of the joint tissues and its clinical relevance in prosthesis
failure, Clin. Orthop. Relat. Res., 117, 221-240, 1976.

Muifioz-Mahamud, E., Fernandez-Valencia, J. A., Combalia, A.,
Morata, L., and Soriano, A.: Fluorescent tetracycline bone la-
beling as an intraoperative tool to debride necrotic bone during
septic hip revision: a preliminary case series, J. Bone Joint In-
fect., 6, 85-90, https://doi.org/10.5194/jbji-6-85-2021, 2021.

Rosenberg, A. E. and Khurana, J. S.: Osteomyelitis and osteonecro-
sis, Diagn. Pathol., 22, 355-378, 2016.

Rowan, F. E., Donaldson, M. J., Pietrzak, J. R., and Had-
dad, F. S.: The role of one-stage exchange for prosthetic
joint infection, Curr. Rev. Musculoskelet Med., 11, 370-379,
https://doi.org/10.1007/s12178-018-9499-7, 2018.

Rupp, M., Henssler, L., Brochhausen, C., Zustin, J., Gesis,
S., Pfeifer, C., Alt, V., and Kerschbaum, M.: Can necrotic
bone be objectively identified in chronic fracture-related
infections? First clinical experience with an intraopera-
tive fluorescence imaging technique, Injury, 51, 2541-2545,
https://doi.org/10.1016/j.injury.2020.09.004, 2020.

J. Bone Joint Infect., 11, 43-52, 2026

Sigmund, I. K., Yeghiazaryan, L., Luger, M., Windhager, R.,
Sulzbacher, 1., and McNally, M. A.: Three to six tissue spec-
imens for histopathological analysis are most accurate for di-
agnosing periprosthetic joint infection, Bone Joint J., 105-B,
158-165, https://doi.org/10.1302/0301-620X.105B2.BJJ-2022-
0931.R1, 2023.

Swiontkowski, M. F.: Surgical approaches in osteomyelitis: use of
laser Doppler flowmetry to determine nonviable bone, Infect.
Dis. Clin. North Am., 4, 501-512, 1990.

Urish, K. L. and Cassat, J. E.: Staphylococcus aureus osteomyeli-
tis: bone, bugs, and surgery, Infect. Immun., 88, €00932-19,
https://doi.org/10.1128/TA1.00932-19, 2020.

Yoshiga, D., Sasaguri, M., Matsuo, K., Kokuryou, S., Habu, M.,
Oda, M., Kodama, M., Tsurushima, H., Sakaguchi, O., Saku-
rai, T., Tanaka, J., Morimoto, Y., Yoshioka, I., and Tomi-
naga, K.: Intraoperative detection of viable bone with fluores-
cence imaging using visually enhanced lesion scope in patients
with bisphosphonate-related osteonecrosis of the jaw: clinical
and pathological evaluation, Osteoporos. Int., 26, 1997-2006,
https://doi.org/10.1007/s00198-015-3096-z, 2015.

https://doi.org/10.5194/jbji-11-43-2026


https://doi.org/10.5194/jbji-6-85-2021
https://doi.org/10.1007/s12178-018-9499-7
https://doi.org/10.1016/j.injury.2020.09.004
https://doi.org/10.1302/0301-620X.105B2.BJJ-2022-0931.R1
https://doi.org/10.1302/0301-620X.105B2.BJJ-2022-0931.R1
https://doi.org/10.1128/IAI.00932-19
https://doi.org/10.1007/s00198-015-3096-z

	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Data availability
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Acknowledgements
	Review statement
	References

