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Abstract. Three periprosthetic femoral fractures around chronically infected total hip arthroplasties (THAs)
were treated according to a pragmatic two-stage treatment framework. Infection control and fracture healing were
achieved. This may serve as a reference for surgeons confronted with these complex and technically demanding

situations.

1 Introduction

The annual number of total hip arthroplasties (THAS) is pro-
jected to increase substantially over the coming decades,
driven by population growth and rising utilization rates
(Pabinger et al., 2018; Shichman et al., 2023). Although re-
vision rates per implant have gradually declined — largely
due to improvements in bearing surfaces and implant fixation
— the absolute number of revision procedures continues to
rise in parallel with the increasing volume of primary THAs
(Achakri et al., 2023; Smith et al., 2023).

Periprosthetic joint infection (PJI) and postoperative
periprosthetic fracture (PPFx) remain two of the most dev-
astating complications following THA. However, the true
incidence of both complications is likely underestimated in
registry-based studies. For PJI, underestimation results from
incomplete reporting and the failure to update the preop-
erative diagnosis based on intraoperative findings, includ-
ing microbiological cultures obtained during revision surgery
(Gundtoft et al., 2015; Lutro et al., 2024). For PPFx, the un-
derestimation is due to joint registries capturing only cases

requiring stem revision. As more than half of PPFx cases
are treated without stem revision, a substantial proportion
remains unrecorded, yielding an estimated true incidence of
0.92 per 1000 prosthesis years (Lamb et al., 2024). The abso-
lute number of patients developing PJI or PPFx is expected
to increase substantially in the coming decades, driven by
the rising volume of primary and revision arthroplasty pro-
cedures, an ageing population with increasing medical co-
morbidity, and the growing number of individuals living with
prosthetic joints (Pivec et al., 2015; Kurtz et al., 2018; Smith
etal., 2023).

Although both PJI and PPFx are well-described compli-
cations in isolation, their coexistence represents a rare and
particularly challenging clinical scenario (van den Kieboom
et al., 2021; Shah et al., 2016; Chevillotte et al., 2009; Lazic
et al., 2022). Importantly, a distinction must be made be-
tween PPFx occurring around a chronically infected THA
and acute PJI (or fracture-related infection, FRI) developing
as a complication of revision surgery for PPFx. These enti-
ties differ fundamentally in terms of pathophysiology, tim-
ing, and treatment strategy. The presence of a mature biofilm
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in chronic infection is a key factor influencing treatment de-
cisions and distinguishes these cases from acute postoper-
ative infections. Fractures around chronically infected im-
plants typically occur in the setting of longstanding infection
and septic loosening, whereas infections following fracture
surgery are generally acute postoperative events. Given that
implant loosening is a well-established risk factor for PPFx,
it is plausible that septic loosening further increases fracture
susceptibility, although robust data on this relationship re-
main limited (Shah et al., 2016).

Evidence-based guidelines exist for the management of
PPFx (Patsiogiannis et al., 2021), PJI (Izakovicova et al.,
2019) and FRI (Metsemakers et al., 2020). However, inte-
grating these principles of fracture stabilization, infection
eradication, and definitive reconstruction in this often frail
patient population is challenging, and expected outcomes re-
main poorly defined. To date, no standardized treatment algo-
rithm has been established for this complex overlap scenario.

The purpose of this case series is to describe the outcomes
of three clinical cases with PPFx around chronically infected
THAs treated using a consistent, staged revision approach.
By reporting clinical, radiographic, and infection-related out-
comes, we aim to contribute to the limited body of evidence
in this field and to propose a pragmatic treatment framework
for managing these challenging cases.

2 Cases

2.1 Case 1
2.1.1 Background

A 7T4-year-old woman (BMI 28.3, ASA III, Charlson Co-
morbidity Index 7) sustained a right femoral neck fracture
in 2019, for which she underwent THA at her local hospital.
The postoperative course was complicated by an Escherichia
coli (ESBL+) PJI, treated sequentially with open wash-out
without exchange of mobile parts; then debridement, antibi-
otics, and implant retention (DAIR); and ultimately a three-
stage exchange.

She was lost to follow-up until 2022, when she presented
after a low-energy fall resulting in a PPFx. The patient re-
ported persistent thigh pain since her reimplantation, par-
ticularly during weight bearing. Conventional radiographs
demonstrated a Vancouver type C PPFx with evidence of pre-
existent loosening of the cemented stem (Fig. 1a-b).

Relevant comorbidities included a previous (redo) gastric
bypass, coronary artery bypass grafting (CABG), and pe-
ripheral arterial disease (PAD) treated with bypass grafts and
stents.

Fluoroscopy-guided hip aspiration under sedation revealed
a synovial white blood cell count of 15880 x 106 L~! with
97 % polymorphonuclear neutrophils and a positive alpha-
defensin point-of-care test, fulfilling the EBJIS criteria for a
PJI. PCR was positive for Staphylococcus spp., and culture
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Figure 1. (a=b) Vancouver C PPFx, (c—d) situation after first stage,
(e—f) situation after second stage.

subsequently confirmed methicillin-resistant S. epidermidis
(MRSE).

After multidisciplinary team (MDT) discussion and shared
decision-making with the patient, a two-stage revision strat-
egy was selected.

2.1.2 First stage

Prior to surgery, a custom-made spacer was prepared by
lengthening a prefabricated Tecres spacer (vancomycin +
gentamicin; Tecres S.p.A., Verona, Italy) in order to bypass
the fracture and also to incorporate meropenem, given the
patient’s history of ESBL-producing E. coli PJI.

An extensile posterolateral and subvastus approach was
performed to explant the THA, followed by extensive de-
bridement and lavage.

During the subsequent “clean” phase (Vles et al., 2022),
the PPFx was stabilized using cerclage wiring and a plate—
screw construct (VA LCP distal femur plate; DePuy Synthes,
Raynham, MA, USA). The custom-made spacer was then
implanted (Fig. 1c—d).

Two out of 10 intraoperative tissue cultures were pos-
itive for MRSE, as was the sonication sample. Empirical
broad-spectrum antibiotics (vancomycin and piperacillin—
tazobactam) were initiated perioperatively. Piperacollin—
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tazobactam was stopped on postoperative day 3, and van-
comycin was de-escalated to oral minocycline (100 mg twice
daily) on postoperative day 14. Wound healing was unevent-
ful, and C-reactive protein (CRP) normalized to 1.1 mg L1

2.1.3 Second stage

Ten weeks postoperatively, the second-stage revision was
performed.

In the initial “dirty” phase, the spacer and fixation hard-
ware were removed, followed by repeat debridement and
thorough lavage. The surrounding tissues appeared healthy,
and the fracture demonstrated radiological and intraoperative
signs of healing.

During the subsequent “clean” phase, new plate—screw fix-
ation (Zimmer Biomet NCB plate; Zimmer Biomet, War-
saw, IN, USA) was applied to reinforce the femur and to
reduce the risk of recurrent PPFx. Definitive reconstruction
consisted of a trabecular metal shell with a cemented dual
mobility cup (Avantage; Zimmer Biomet, Warsaw, IN, USA)
and a long cemented femoral stem (CPT; Zimmer Biomet,
Warsaw, IN, USA) (Fig. le-f).

Perioperative antibiotics were escalated to vancomycin
and subsequently transitioned to oral minocycline (100 mg
twice daily) and rifampin (450 mg twice daily) on postop-
erative day 7 for 6 weeks postoperatively. All intraoperative
cultures obtained at the second stage remained negative. The
postoperative course was uncomplicated.

2.1.4 QOutcome at final follow-up

At final follow-up, 3.5 years after the second-stage proce-
dure, radiographs and CT imaging demonstrated complete
fracture healing. The PJI appeared to have been eradicated,
with normalization of CRP (1.6mgL~!), complete wound
healing, and no evidence of osteolysis. The patient even re-
ported improved mobility compared with her status prior to
sustaining the PPFx.

2.2 Case?2
2.2.1 Background

A 56-year-old man (BMI 19, ASA III, Charlson Comorbid-
ity Index 3) with a history of avascular necrosis of the right
femoral head underwent hip resurfacing at his local hospi-
tal in 2007. This was complicated by early PJI, treated with
open wash-out without exchange of mobile parts. In 2020,
he underwent a two-stage revision for chronic PJI due to S.
aureus and Pseudomonas aeruginosa.

In 2023, he sustained a PPFx, managed with plate—screw
osteosynthesis, which failed due to non-union (Fig. 2a-b).

Cultures taken during plate removal 1 year after fracture
fixation again grew P. aeruginosa, prompting referral to our
unit.
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Figure 2. (a-b) Vancouver C PPFx, (c—d) situation after first stage,
(e—f) situation after second stage.

Past medical history included CABG and chronic alcohol
use.

Fluoroscopy-guided arthrocentesis under sedation re-
vealed synovial WBC of 59 800 x 10® L~! with 99 % PMNs
confirming PJI according to the EBJIS criteria. Cultures
remained negative, possibly as a consequence of ongoing
piperacillin—tazobactam therapy, which had been initiated at
the referring hospital.

Following MDT discussion and shared decision-making, a
two-stage revision strategy was chosen.

2.2.2 First Stage

In the initial “dirty” phase, an extensile posterolateral ap-
proach was used and frank pus was encountered both along
the plate as well as within the joint. The plate and cup were
removed easily; however, stem extraction required an ex-
tended trochanteric osteotomy (ETO) as it was impossible
to provide sufficient counterforce on the proximal femur to
allow antegrade stem extraction.

In the “clean” phase, the fracture was stabilized with cer-
clage wires and a plate—screw construct (Zimmer Biomet
NCB plate; Zimmer Biomet, Warsaw, IN, USA). A long
antibiotic-loaded cement spacer (vancomycin + gentamicin;
Tecres S.p.A., Verona, Italy) was implanted (Fig. 2c—d).

Three out of 15 intraoperative cultures — taken from
both the plate and joint space, including sonication of the
THA components — grew P. aeruginosa. Broad-spectrum
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antibiotics (piperacillin—tazobactam) were started and later
de-escalated to oral levofloxacin (500 mg BID) on post-
operative day 11, continued for 8 weeks. Wound healing
was uncomplicated, although CRP remained mildly elevated
(~40mgL~1).

2.2.3 Second stage

At the second-stage “dirty” phase, the spacer and hardware
were removed, and repeat debridement was performed. Tis-
sue appeared healthy, but neither the fracture nor the ETO
had healed.

In the “clean” phase, the femoral non-union was treated
with a new plate—screw construct (Zimmer Biomet NCB
plate; Zimmer Biomet, Warsaw, IN, USA), and reconstruc-
tion of the hip was completed with an uncemented dual mo-
bility cup (G7; Zimmer Biomet, Warsaw, IN, USA) and a
modular revision stem (ILS 250; Zimmer Biomet, Warsaw,
IN, USA) (Fig. 2e—f).

Perioperative antibiotics were again escalated to van-
comycin and piperacillin—tazobactam at induction. While in-
traoperative cultures were negative for P. aeruginosa, six
samples returned positive for Candida albicans. Piperacillin—
tazobactam was continued for an additional 6 weeks via out-
patient parenteral antibiotic therapy (OPAT) to complete the
course for P. aeruginosa (Thijs et al., 2022). Concurrently,
antifungal therapy with fluconazole (400 mg once daily) was
initiated for C. albicans and continued for 6 months. The
postoperative course was uneventful.

2.2.4 Final follow-up

At final follow-up, 2 years after the second-stage procedure,
radiographs and CT imaging demonstrated complete fracture
healing. The PJI appeared to have been eradicated, with nor-
malization of CRP (1.8mgL™"), complete wound healing,
and no evidence of osteolysis. No subsidence of the ILS stem
occurred. Nevertheless, PROMs remained poor: HOOS: pain
35, symptoms 30, activities 25, functioning 0, and QoL 25.

2.3 Case3
2.3.1 Setting

A 76-year-old woman (BMI 27, ASA II, Charlson Comor-
bidity Index 3) sustained a right femoral neck fracture 3 years
prior, for which she underwent an uncemented THA via a di-
rect anterior approach (DAA) at her local hospital. Her med-
ical history was significant for a complicated postoperative
course following hysterectomy, a left THA that had already
been revised for a PPFx, atrial fibrillation, and a prior C1-C2
fusion for a dens fracture.

Recently, she developed a cutaneous fistula at the site of
her previous DAA incision. Shortly thereafter, she sustained
a Vancouver B2 PPFx around the right THA following a fall

J. Bone Joint Infect., 11, 547-554, 2026

o

Figure 3. (a) Vancouver B2 PPFx, (b—c) situation after first stage,
(d—e) situation after second stage.

and was referred to our orthopaedic department for further
management (Fig. 3a).

Following MDT discussion and shared decision-making
with the patient, a two-stage revision strategy was adopted.

2.3.2 First stage

During the “dirty” phase, the original DAA incision was uti-
lized to trace and excise the fistula down to the implant.
An extensile posterolateral and subvastus approach was then
used to explant the THA, and perform thorough debridement
and lavage of the bone and soft tissues.

In the subsequent “clean” phase, the fracture was stabi-
lized with cerclage wires and a plate—screw osteosynthe-
sis construct with trochanteric extension (NCB plate; Zim-
mer Biomet, Warsaw, IN, USA). A long, antibiotic-loaded
cement spacer (vancomycin + gentamicin; Tecres S.p.A.,
Verona, Italy) was implanted (Fig. 3b—c). Two out of 15 tis-
sue samples returned positive for Cutibacterium avidum, as
did the sonication sample. Empirical broad-spectrum antibi-
otics (vancomycin and piperacillin-tazobactam) were initi-
ated at induction. Piperacillin—tazobactam was stopped on
postoperative day 3, and vancomycin was de-escalated to
oral amoxicillin (1 g four times daily) based on sensitivities
on postoperative day 14. Wound healing was uncomplicated,
and C-reactive protein (CRP) levels decreased to 9.6 mg L~!.
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2.3.3 Second stage

Eight weeks postoperatively, the second-stage procedure was
performed. In the “dirty” phase, the spacer and hardware
were removed, and repeat debridement and lavage were
conducted. The tissues appeared healthy, and the fracture
demonstrated signs of healing. During the ‘“clean” phase,
new plate—screw fixation was applied to reinforce the fe-
mur and mitigate the risk of future PPFx. The definitive im-
plant included an uncemented dual mobility acetabular com-
ponent (G7; Zimmer Biomet, Warsaw, IN, USA) secured
with screws; and a modular fluted, tapered, titanium revision
femoral stem (ARCOS 150; Zimmer Biomet, Warsaw, IN,
USA) (Fig. 3d—e).

Antibiotic prophylaxis with intravenous ceftriaxone was
administered at induction and switched back to oral amox-
icillin on postoperative day 4. All intraoperative cultures
taken during the second stage remained negative. The post-
operative course was largely uneventful except for surgical
evacuation of a small haematoma. The patient completed a
total of 12 weeks of antibiotic therapy, initiated at the time of
the first-stage procedure.

2.3.4 Outcome at final follow-up

At final follow-up in clinic, 7 months after the second-stage
procedure, the patient was doing well and reported no prob-
lems with regard to her THA. She refused further labora-
tory and radiological investigations. Over-the-phone follow-
up 1 year after reimplantation, she confirmed no problems
had come up. PROMs were excellent: HOOS: pain 100,
symptoms 90, activities 100, functioning 100, and QoL 100).

3 Discussion

We report three complex cases of PPFx around chronically
infected THAS, all managed using a consistent two-stage re-
vision strategy (Fig. 4). Despite the inherent technical chal-
lenges, fracture healing and infection control according to the
Delphi consensus was achieved (Diaz-Ledezma et al., 2013).
Inherent to the pathology and patient characteristics, func-
tional outcomes remained variable.

Diagnosis of PJI in the setting of a PPFx can be challeng-
ing. While the presence of a sinus tract provides a clear di-
agnostic indicator (case 3), clinical suspicion should also be
raised in patients with pre-existing implant loosening (case
1) or a history of multiple prior surgeries (case 2), prompt-
ing joint aspiration. Interpretation of synovial fluid param-
eters, however, including leukocyte count and differential,
requires caution. Apart from wear and underlying crystal-
lopathy, hemarthrosis and the resulting local inflammatory
response may lead to false-positive results (van den Kieboom
et al., 2021; Bedair et al., 2011). This will particularly be
true when the fracture extends into the joint space. Noting
whether the aspirate is serous or sanguineous is important.

https://doi.org/10.5194/jbji-11-547-2026

At our institution, the initial 1 mL of synovial aspirate is
routinely allocated for leukocyte count and differential be-
fore additional fluid is aspirated. This practice is intended to
minimize blood contamination of the sample and to preserve
the diagnostic accuracy of synovial fluid analysis. Molecular
techniques of microbiological diagnostics may provide addi-
tional diagnostic value in this context.

The timing of intervention is a critical consideration. De-
lays caused by awaiting the growth of low-virulence microor-
ganisms may potentially compromise outcomes. However,
recent studies (van Laarhoven et al., 2021; Aerden et al.,
2026) did not demonstrate a clear correlation between the
time interval from trauma to definitive surgery and patient
outcomes, including mortality. When necessary, postponing
the procedure until it can be performed by a surgical team
experienced in both revision arthroplasty and septic surgery
appears to be a safe and prudent strategy.

The management of these cases requires adherence to the
fundamental principles of both PJI and FRI treatment.

PJI principles include prompt initiation of (targeted) an-
tibiotics (at induction), thorough surgical debridement and
lavage, and complete removal of foreign material. Extrac-
tion of loose implants is typically straightforward; however,
the removal of well-fixed stems can be technically demand-
ing, particularly in the setting of a fractured or difficult-to-
manipulate femur. In cases where adequate counterforce can-
not be applied, an ETO may be necessary to extract stems
that would otherwise be removable from the top (case 2).

FRI principles emphasize achieving stable fixation while
preserving bone stock and biological potential for healing.
Although intramedullary spacers may provide some stabil-
ity, additional measures are often required to achieve suf-
ficient stability to prevent ongoing soft tissue compromise,
disrupted revascularization, and bone osteolysis, as described
by Stephen Perren (Foster et al., 2021). During the first stage,
it is advisable to preserve some screw holes in the plate con-
struct or to take the shortest possible plate without compro-
mising stability to allow optimal fixation options during the
second-stage reconstruction. Consideration of adjacent pros-
thetic joints is also essential, in this case TKAs, as the risk
of metachronous infection is reported to be as high as 20 %
(Akkaya et al., 2023).

The interval between stages must be carefully individu-
alized. Prolonged delays before reimplantation may increase
the risk of septic failure, while premature reimplantation may
compromise fracture healing. In our practice, a window of
approximately 6 weeks without an antibiotic-free interval is
generally applied; however, in the context of PPFx, we may
extend this period to allow the fracture to reach more ad-
vanced stages of healing. Additional factors that should be
considered include wound healing status, the trend of inflam-
matory markers such as CRP, the patient’s ability to tolerate
the spacer, and radiographic evidence of acetabular bone ero-
sion or other spacer-related complications.
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Figure 4. Treatment framework currently in use at our institution.

The fracture location, healing potential, isthmus integrity,
bone quality, and patient age guide the selection of femoral
stems. Three different revision stems were used in the cases
described above. We typically revise plate—screw osteosyn-
theses during the second stage in the same manner that the
spacer is exchanged for the definitive implant. Conceptually,
we consider the second stage a “single-stage exchange of the
spacer”, involving repeat debridement and lavage, the divi-
sion of the procedure into dirty and clean phases, and the
complete replacement of all components. This approach is
currently based on expert opinion rather than robust scien-
tific evidence and remains at the surgeon’s discretion. Some
surgeons advocate leaving the osteosynthesis from the first
stage in situ as it was implanted under antibiotic coverage,
and replacing it will increase operating time, blood loss, and
soft tissue dissection (Diot et al., 2026). Our main concern is
the potential introduction of microorganisms during the first-
stage procedure, which is often a prolonged and technically
demanding surgical intervention. If present, these organisms
may not have been adequately covered by the targeted an-
timicrobial therapy directed against the presumed causative
pathogen. A substantial proportion of patients has been re-
ported to have one or more positive cultures for methicillin-
resistant S. epidermidis (MRSE) at the time of second-stage
reimplantation, although the clinical significance of these
findings remains uncertain (Theil et al., 2020). During the
second stage, the fracture has already been reduced (and ide-
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FIRST STAGE

Pll principles

- Removal of THA

- Debridement + lavage

-  Spacer made of antibiotic-
loaded bone cement

FRI principles

-  Stabilisation of PPFx using
(plate-screw) osteosynthesis

- Avoid contamination of
adjacent TKA if present

As soon as surgical team
experienced in both revision
arthroplasty and septic surgery is
available - transfer if neccessary

At induction

- Targeted if possible

- Broad-spectrum if micro-
organism not yet identified

Intravenous for 1-2 weeks, oral
antibiotics (if available) until
second stage

SECOND STAGE

Standard
- Removal of spacer
- Re-implantation of THA

Optional / institutional preference

- Repeat debridement + lavage

- Exchange of osteosynthesis,
downscale plate to cables only if
possible

Standard 6-8 weeks interval:
- No antibiotic holiday
- No spacer aspiration

Intravenous at induction, switch to
oral antibiotics afer 1-2 weeks, add
antibiofilm antibiotics if available

Total duration

- Cultures negative = until 12
weeks after first stage

- Cultures positive = until 12
weeks after second stage

ally partially healed), and the majority of the surgical ap-
proach has already been performed, making plate exchange a
relatively straightforward procedure compared with perform-
ing the osteosynthesis during the first stage.

Finally, the role of single-stage management in this setting
remains uncertain. Although data are limited, it may be feasi-
ble in selected cases. Scenarios in which this approach might
be considered include situations where infection is identified
only after initial fracture fixation and the patient achieves sat-
isfactory outcomes, or in frail hosts where fracture stabiliza-
tion is the primary concern and chronic PJI (or contamination
of the implant) can be managed with suppressive antibiotics
or even tolerated without.

This case series has several limitations, many of which
are inherent to the rarity and complexity of the condition
under investigation. The sample size is small, and there
is substantial heterogeneity with respect to the causative
pathogens, fracture patterns, and implant characteristics. Fur-
thermore, the absence of a control group precludes com-
parative analyses, and the proposed treatment considerations
are based primarily on expert opinion rather than compar-
ative evidence. These limitations underscore the need for
large musculoskeletal infection centres to establish and share
prospective databases, while international infection societies
should collaborate to develop consensus-based treatment al-
gorithms.
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In conclusion, in this case series, an expert-opinion-based
framework for PPFx associated with chronically infected
THAs is illustrated. This may serve as a reference for sur-
geons confronted with these complex and technically de-
manding situations.

Data availability. No data sets were used in this article.

Author contributions. GV was responsible for the conceptual-
ization and design of this case series, and drafted the work. GV,
LA, and SG performed the surgical procedures and follow-up of
these patients. All authors revised and critically appraised the arti-
cle. All authors approved the final version of the article and agreed
to be accountable for all aspects of the work. All authors fulfil the
criteria for authorship by ICMIJE.

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. All three participants were enrolled in the
PROspective Follow-up Infected Total Hips (PROFITH) study, and
written informed consent was obtained from each of them. The
study was approved by the Research Ethics Committee UZ/KU
Leuven (S65804), which operates in accordance with ICH-GCP
principles, the latest version of the Declaration of Helsinki, and all
applicable laws and regulations.

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

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

References

Achakri, H., Ben-Shlomo, Y., Blom, A., Boulton, C., Bridgens, J.,
Brittain, R., Clark, E., Craig, R., Dawson-Bowling, S., Deere,
K., Esler, C., Evans, J., Goldberg, A., Gregson, C., Hamoodi, Z.,
Howard, P., Jameson, S., Jones, T., Judge, A., Lenguerrand, E.,
Marques, E., McCormack, V., Nduru, M., Newell, C., Pegg, D.,
Porteous, A., Porter, M., Price, A., Reed, M., Rees, J., Royall,
M., Sayers, A., Spoerry, J., Swanson, M., Taylor, D., Watts, A.,
Whitehouse, M., Wilkinson, M., Wilton, T., and Young, E.: The

https://doi.org/10.5194/jbji-11-547-2026

National Joint Registry 21st Annual Report 2024, London, Na-
tional Joint Registry, PMID 40198011, 2023.

Aerden, L. K. P, Brouwers, X., Sermon, A., Ghijselings, S., Vles,
G., Herteleer, M., Metsemakers, W. J., and Hoekstra, H.: Impact
of surgical timing on complications and mortality in peripros-
thetic hip fractures compared to native hip fractures, Injury, 57,
113436, https://doi.org/10.1016/j.injury.2026.113436, 2026.

Akkaya, M., Vles, G., Sangaletti, R., Zanna, L., Gehrke, T., and
Citak, M.: What is the Safe Distance Between Hip and Knee Im-
plants to Reduce the Risk of Ipsilateral Metachronous Peripros-
thetic Joint Infection?, Clin. Orthop. Relat. Res., 481, 1597-
1606, 2023.

Bedair, H., Ting, N., Jacovides, C., Saxena, A., Moric, M., Parvizi,
J., and Della Valle, C.: The Mark Coventry Award: diagnosis of
early postoperative TKA infection using synovial fluid analysis,
Clin. Orthop. Relat. Res., 469, 34-40, 2011.

Chevillotte, C. J., Ali, M. H., Trousdale, R. T., Larson, D. R.,
Gullerud, R. E., and Berry, D. J.: Inflammatory laboratory mark-
ers in periprosthetic hip fractures, J. Arthroplasty, 24, 722-727,
2009.

Diaz-Ledezma, C., Higuera, C. A., and Parvizi, J.: Success after
treatment of periprosthetic joint infection: a Delphi-based inter-
national multidisciplinary consensus, Clin. Orthop. Relat. Res.,
471, 2374-2382, 2013.

Diot, R., Goetti, P., Borens, O., Ramos-Pascual, S., and We-
grzyn, J.: Cerclage Wires Used for Extended Trochanteric
Osteotomy Fixation During Two-Stage Revision Total Hip
Arthroplasty for Periprosthetic Joint Infection Are Not Col-
onized by Bacteria: A Case Series, Arthroplast. Today, 10,
https://doi.org/10.1016/j.artd.2026.101978, 2026.

Foster, A. L., Moriarty, T. F.,, Zalavras, C., Morgenstern, M.,
Jaiprakash, A., Crawford, R., Burch, M. A., Boot, W., Tetsworth,
K., Miclau, T., Ochsner, P., Schuetz, M. A., Richards, R. G., and
Metsemakers, W. J.: The influence of biomechanical stability on
bone healing and fracture-related infection: the legacy of Stephan
Perren, Injury, 52, 43-52, 2021.

Gundtoft, P. H., Overgaard, S., Schgnheyder, H. C., Mgller, J. K.,
Kjersgaard-Andersen, P., and Pedersen, A. B.: The “true” in-
cidence of surgically treated deep prosthetic joint infection af-
ter 32,896 primary total hip arthroplasties: a prospective cohort
study, Acta Orthop., 86, 326-334, 2015.

Izakovicova, P., Borens, O., and Trampuz, A.: Periprosthetic joint
infection: current concepts and outlook, EFORT Open. Rev., 29,
482-494, 2019.

Kurtz, S. M., Lau, E. C., Son, M. S., Chang, E. T., Zimmerli, W., and
Parvizi, J.: Are We Winning or Losing the Battle With Peripros-
thetic Joint Infection: Trends in Periprosthetic Joint Infection and
Mortality Risk for the Medicare Population, J. Arthroplasty, 33,
3238-3245, 2018.

Lamb, J. N., Evans, J. T. Relton, S., Whitehouse, M.
R., Wilkinson, J. M., and Pandit, H.: The incidence of
postoperative periprosthetic femoral fracture following total
hip replacement: An analysis of UK National Joint Reg-
istry and Hospital Episodes statistics data, PLoS Med., 21,
https://doi.org/10.1371/journal.pmed.1004462, 2024.

Lazic, 1., Burdach, A., Pohlig, F., von Eisenhart-Rothe, R.,
and Suren, C.: Utility of synovial calprotectin lateral flow
test to exclude chronic prosthetic joint infection in peripros-

J. Bone Joint Infect., 11, 547-554, 2026



https://doi.org/10.1016/j.injury.2026.113436
https://doi.org/10.1016/j.artd.2026.101978
https://doi.org/10.1371/journal.pmed.1004462

554 G. F. Vles et al.: Periprosthetic fractures around chronically infected total hip arthroplasties

thetic fractures: a prospective cohort study, Sci. Rep., 12,
https://doi.org/10.1038/s41598-022-22892-9, 2022.

Lutro, O., Mo, S., Tjgrhom, M. B., Fenstad, A. M., Leta, T. H.,
Bruun, T., Hallan, G., Furnes, O., and Dale, H.: How good are
surgeons at disclosing periprosthetic joint infection at the time of
revision, based on pre- and intra-operative assessment? A study
on 16,922 primary total hip arthroplasties reported to the Norwe-
gian Arthroplasty Register, Acta Orthop., 30, 67-72, 2024.

Metsemakers, W. J., Morgenstern, M., Senneville, E., Borens, O.,
Govaert, G. A. M., Onsea, J., Depypere, M., Richards, R. G.,
Trampuz, A., Verhofstad, M. H. J., Kates, S. L., Raschke, M.,
McNally, M. A., and Obremskey, W. T.: Fracture-Related In-
fection (FRI) group. General treatment principles for fracture-
related infection: recommendations from an international expert
group, Arch. Orthop. Trauma. Surg., 140, 1013-1027, 2020.

Pabinger, C., Lothaller, H., Portner, N., and Geissler, A.: Projections
of hip arthroplasty in OECD countries up to 2050, Hip. Int., 28,
498-506, 2018.

Patsiogiannis, N., Kanakaris, N. K., and Giannoudis, P. V.: Peripros-
thetic hip fractures: an update into their management and clinical
outcomes, EFORT Open. Rev., 6, 75-92, 2021.

Pivec, R., Issa, K., Kapadia, B. H., Cherian, J. J., Maheshwari, A.
V., Bonutti, P. M., and Mont, M. A.: Incidence and Future Projec-
tions of Periprosthetic Femoral Fracture Following Primary Total
Hip Arthroplasty: An Analysis of International Registry Data, J.
Long. Term. Eff. Med. Implants., 25, 269-275, 2015.

Shah, R. P, Plummer, D. R., Moric, M., Sporer, S. M., Levine, B.
R., and Della Valle, C. J.: Diagnosing Infection in the Setting of
Periprosthetic Fractures, J. Arthroplasty, 31, 140-143, 2016.

Shichman, I., Roof, M., Askew, N., Nherera, L., Rozell, J.
C., Seyler, T. M., and Schwarzkopf, R.: Projections and
Epidemiology of Primary Hip and Knee Arthroplasty in
Medicare Patients to 2040-2060, JBJS Open Access, 8,
https://doi.org/10.2106/JBJS.0A.22.00112, 2023.

J. Bone Joint Infect., 11, 547-554, 2026

Smith, P. N., Gill, D. R., McAuliffe, M. J., McDougall, C., Stoney,

J. D., Vertullo, C. J., Wall, C. J., Corfield, S., Page, R., Cuth-
bert, A. R., Du, P., Harries, D., Holder, C., Lorimer, M. F., Cash-
man, K., and Lewis, P. L.: Hip, Knee and Shoulder Arthroplasty:
2023 Annual Report, Australian Orthopaedic Association Na-
tional Joint Replacement Registry, AOA, Adelaide, South Aus-
tralia, https://doi.org/10.25310/'YWQZ9375, 2023.

Theil, C., Freudenberg, S. C., Gosheger, G., Schmidt-Braekling,
T., Schwarze, J., and Moellenbeck, B.: Do Positive Cultures at
Second Stage Re-Implantation Increase the Risk for Reinfec-
tion in Two-Stage Exchange for Periprosthetic Joint Infection?,
J. Arthroplasty, 35, 2996-3001, 2020.

Thijs, L., Quintens, C., Vander Elst, L., De Munter, P., De-
pypere, M., Metsemakers, W. J., Vles, G., Liesenborghs,
A., Neefs, J., Peetermans, W. E., and Spriet, L.: Clini-
cal Efficacy and Safety of Vancomycin Continuous Infu-
sion in Patients Treated at Home in an Outpatient Par-
enteral Antimicrobial Therapy Program, Antibiotics (Basel), 11,
https://doi.org/10.3390/antibiotics 11050702, 2022.

van den Kieboom, J., Tirumala, V., Xiong, L., Klemt, C., and Kwon,
Y. M.: Concomitant Hip and Knee Periprosthetic Joint Infection
in Periprosthetic Fracture: Diagnostic Utility of Serum and Syn-
ovial Fluid Markers, J. Arthroplasty, 36, 722-727, 2021.

van Laarhoven, S. N., Vles, G. E., van Haaren, E. H., Schotanus,
M. G. M., and van Hemert, W. L. W.: Tapered, fluted, modular,
titanium stems in Vancouver B periprosthetic femoral fractures:
an analysis of 87 consecutive revisions, Hip. Int., 31, 555-561,
2021.

Vles, G., Bossen, J., Kloos, J., Debeer, P., and Ghijselings, S.: On
the value and limitations of incorporating a “clean phase” into
the surgical treatment of prosthetic joint infections — an illustra-
tive cadaveric study using fluorescent powder, J. Exp. Orthop., 9,
https://doi.org/10.1186/s40634-022-00467-x, 2022.

https://doi.org/10.5194/jbji-11-547-2026


https://doi.org/10.1038/s41598-022-22892-9
https://doi.org/10.2106/JBJS.OA.22.00112
https://doi.org/10.25310/YWQZ9375
https://doi.org/10.3390/antibiotics11050702
https://doi.org/10.1186/s40634-022-00467-x

	Abstract
	Introduction
	Cases
	Case 1
	Background
	First stage
	Second stage
	Outcome at final follow-up

	Case 2
	Background
	First Stage
	Second stage
	Final follow-up

	Case 3
	Setting
	First stage
	Second stage
	Outcome at final follow-up


	Discussion
	Data availability
	Author contributions
	Competing interests
	Ethical statement
	Disclaimer
	Review statement
	References

