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Abstract

Objective: To examine sonication results in presumed aseptic conversion total hip arthroplasty

(THA) after hip fracture fixation and to evaluate its implications on the treatment outcome.

Methods: This retrospective cohort study reviewed the data from presumed aseptic patients

that underwent conversion of prior internal fixation of proximal femoral fractures to THA

between 2012 and 2018. Microbiological analysis was performed using sonication of osteosyn-

thesis material and tissue samples. Treatment outcome including the occurrence of periprosthetic

joint infection (PJI) was recorded.

Results: A total of 32 patients were included in the study. Of these, five patients (15.6%) had

positive intraoperative cultures. The mean follow-up following conversion THA was 43.0 months

(range, 19.0–91.5 months). Sonication was positive in three patients (9.4%), all of whom were

deemed contaminated and did not develop PJI. Tissue cultures were positive in two patients

(6.3%). One patient with Enterococcus faecalis received antibiotic treatment and did not develop

PJI. Another patient with growth of Cutibacterium acnes that was initially classified as a contam-

inant later developed acute PJI caused by the same pathogen. Overall, PJI occurred in two patients

(6.3%) after conversion THA.

Conclusion: Sonication of internal fixation devices did not add diagnostic value in clinically

aseptic conversion THA. Further studies are needed to better understand the relevance of

unexpected positive cultures, and to develop diagnostic criteria for the management of these

patients.
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Introduction

Hip fractures constitute an important med-
ical challenge and the incidence is expected
to rise even further due to the aging of pop-
ulations.1 Contemporary internal fixation
techniques allow for most fractures to heal
uneventfully. However, fixation failure
occurs in 5–41% of patients and conver-
sions to total hip arthroplasty (THA) for
painful implants, osteonecrosis, non-union
or post-traumatic osteoarthritis (OA) are
increasingly common.2–4

Several studies have shown higher com-
plication rates for conversion THA when
compared with primary THA, including
an increased risk of infection.5–7

Periprosthetic joint infections (PJI) are a
particularly feared complication in THA,
as they result in increased morbidity to
affected patients and a considerable eco-
nomic burden to the healthcare system.8

As yet, it remains unclear whether the
increased risk for PJI after conversion
THA only applies to patients with signs of
infection or also to clinically unremarkable
patients. Patients with elevated inflammato-
ry markers or clinical suspicion of infection
should prompt further evaluation with pre-
operative diagnostic hip aspiration includ-
ing white blood cell count, differential and
culture prior to conversion THA.7 In
patients without suspicion of infection, con-
version THA is typically performed in a
standard single-stage procedure without a
thorough preoperative work-up. To date,
there are no guidelines or consensus on
the diagnostic criteria and treatment

algorithm of patients undergoing conver-

sion THA.
Recently, a high percentage of microbial

colonization of internal fixation implants

has been demonstrated even in clinically

unremarkable patients.9,10 Thus the possi-

bility of occult implant-associated infec-

tions may be considered for any patient

with prior internal fixation, even in the

absence of clinical or laboratory signs of

infection. Besides that, a paucity of litera-

ture exists for diagnosing infection in the

setting of a conversion THA. Recent studies

focused on serological screening and intra-

operative tissue sampling,7,11 but at this

time no study was investigating on the util-

ity of implant sonication for diagnostic

workup of patients undergoing THA after

prior internal fixation of the hip.
The main objective of this study was to

present the results of sonication of osteo-

synthesis material in patients undergoing

conversion of prior hip fracture fixation to

THA and to describe the natural course of

treatment for a consecutive series of

patients with unexpected positive intraoper-

ative cultures during conversion THA.

Patients and methods

Study design and patient selection

This retrospective cohort study reviewed a

prospectively maintained institutional data-

base at the Centre for Musculoskeletal

Surgery, Charit�e University Medicine

Berlin, Berlin, Germany for the period
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between September 2012 and December
2018 to identify all consecutive patients
that underwent conversion of prior internal
fixation of the proximal femur to THA and
whose osteosynthesis material had been
sent for sonication. Exclusion criteria were
as follows: (i) patient age< 18 years; (ii)
administration of antibiotics within 4
weeks before implant removal; (iii) patients
with a previously known infection prior to
conversion THA; (iv) patients with acetab-
ular osteosynthesis material. Medical
records were reviewed for all details on
demographics, comorbidities, indications
for conversion THA, intraoperative sam-
ples and postoperative follow-up. The
STROBE guidelines were followed for the
preparation of the manuscript and all
patient details were de-identified.12

The study was approved by the institu-
tional review board of Charit�e University
Medicine Berlin, Berlin, Germany
(Ethikkommission der Charit�e –
Universit€atsmedizin Berlin, Germany; no.
EA2/026/19) on 1 March 2019. All patients
provided written informed consent to
treatment.

Microbiological methods

The removed osteosynthesis material was
sent for sonication in sterile reusable poly-
propylene containers according to a previ-
ously published protocol utilizing a
BactoSonicVR 14.2 sonication unit
(Bandelin Electronic GmbH, Berlin,
Germany).13 Additionally, synovial fluid
(if present) was aspirated with a sterile
syringe before incision of the pseudocapsule
and inoculated in blood culture paediatric
bottles (BacTec PedsPlus/F; Beckton
Dickinson, Shannon, Ireland). Tissue sam-
ples were placed in sterile containers with-
out medium or saline. All microbiological
samples were processed according to a stan-
dard microbiological protocol in both aer-
obic and anaerobic cultures incubated at

35 �C for 14 days.14 Identification and sus-

ceptibility testing of isolated microorgan-

isms was performed using an automatic

bacteriological analyser VITEKVR 2

(bioMerieux, Marcy L’Etoile, France).

Definition of infection

As guidelines for infected fixation devices

such as PJI are lacking,15,16 infection was

defined in line with the institutional criteria

for PJI,16 which have been used in several

clinical outcome studies for PJI.17–20

Accordingly, infection was diagnosed

when at least one of the following criteria

was present: confirmatory microbial growth

in synovial fluid, tissue cultures (� 1 speci-

men in highly virulent organisms or � 2

specimens in low virulent pathogens); or

sonication fluid cultures of the retrieved fix-

ation implant (> 50 colony-forming units

[CFU]/ml sonication fluid).21 Bacterial

growth of< 50 CFU/ml in sonication fluid

cultures and single specimen growth of a

low-virulent pathogen in tissue cultures

were deemed as contamination.

Surgical and antimicrobial treatment

All patients had undergone a standardized

preoperative diagnostic work-up including

physical examination, plain radiographs

and laboratory tests, including serum C-

reactive protein (CRP). The removal of

osteosynthesis material was either per-

formed in a single-stage procedure at the

same time as the THA or preceding the

THA as part of a two-stage procedure

depending on the surgeon’s discretion. All

fixation devices were removed completely

and sent for sonication. Additionally, syno-

vial fluid was aspirated (if present) and

tissue samples were taken near the implant

and/or from the synovium. Conversion

THA was done through an anterolateral

approach using cementless implants or

cemented prostheses.
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All patients received antibiotic prophy-
laxis with a single intravenous injection of
2 g cefazolin. Patients with positive intra-
operative samples were discussed through
an interdisciplinary team of orthopaedic
surgeons, infectious diseases physicians
and microbiologists. Patients that were clas-
sified as having an infection received tar-
geted oral antibiotic treatment including a
biofilm-active agent (i.e. rifampin) for 12
weeks following conversion THA.

Treatment outcome

Patients were monitored for the occurrence
of PJI during routine follow-up examina-
tions. PJI after conversion THA was
defined according to institutional criteria,16

obtained through a joint aspirate or revi-
sion surgery during the follow-up period.

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
Version 25.0 (IBM Corp., Armonk, NY,
USA). Descriptive statistics are reported
as n of patients (percentage) or mean
(range) or mean� SD, as appropriate.
Continuous variables were compared using
Student’s t-test and categorical variables
using Pearson’s v2-test. A 2-sided P-val-
ue< 0.05 was considered significant.

Results

A total of 50 patients received removal of
osteosynthesis material of the proximal
femur during conversion THA. Of these,
32 patients (17 male, 15 female) matched
the inclusion criteria. The indication for
THA was fixation failure (including non-
union) in 17 patients (53.1%) and post-
traumatic OA in 15 patients (46.9%). The
mean duration between hip fracture fixa-
tion and conversion THA was 35.7
months (range, 1–318 months).
Conversion THA was done through an

anterolateral approach using cementless
implants in 29 patients (90.6%) (Figure 1)
and cemented prostheses in three patients
(9.4%). A total of 29 patients (90.6%)
underwent a single-stage conversion and
three patients (9.4%) a two-stage THA.
For the latter, the mean duration between
hardware removal and THA was 6.8 weeks
(4.4–9.0 weeks). The removed osteosynthe-
sis devices included intramedullary nails in
14 patients (43.8%), dynamic hip screws in
11 patients (34.4%) and cannulated screws
in seven patients (21.9%). The mean follow-
up following conversion THA was 43.0
months (range, 19.0–91.5 months).

The baseline characteristics including a
comparison between patients that received
the conversion THA due to fixation failure
and those for post-traumatic OA are shown
in Table 1. Patients with fixation failure had
a significantly shorter interval between
osteosynthesis and conversion THA com-
pared with those with post-traumatic OA
(P¼ 0.015). Additionally, there were
higher preoperative CRP values in patients
with osteosynthesis failure compared with
those with post-traumatic OA (11.2 versus
2.6 mg/l, respectively), but the difference
did not reach statistical significance. The
other baseline characteristics did not differ
significantly between the two groups.

Overall, five of 32 patients (15.6%) had
positive intraoperative cultures at the time
of conversion THA, whereas one patient
(3.1%) was classified as having an infection
and received outpatient antibiotic therapy.
Three patients had growth of a low-virulent
pathogen in< 50 CFU/ml sonication fluid
and were classified as contamination. Two
patients had positive tissue cultures, of
which one patient had multiple samples
growing the same organism (Enterococcus
faecalis). This patient received targeted
antibiotic treatment including rifampin for
12 weeks postoperatively and did not devel-
op PJI up to the latest follow-up. The other
patient with a positive tissue culture had a
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single specimen growth of Cutibacterium

acnes, which was classified as contamina-

tion. This patient required revision surgery

due to persistent wound drainage.

During irrigation and debridement (I&D)

with head and liner exchange, implants

were sent for sonication cultures, which

showed growth again of C. acnes.

Table 1. Demographic and clinical characteristics of patients (n¼ 32) that underwent conversion of prior
hip fracture fixation to total hip arthroplasty (THA) stratified according to whether they underwent con-
version due to fixation failure or post-traumatic osteoarthritis.

Characteristic

Overall cohort

n¼ 32

Fixation failure

n¼ 17

Post-traumatic

osteoarthritis

n¼ 15

Age, years 69.7� 15.5 65.8� 15.8 74.2� 14.5

Sex, male:female 17:15 9:8 8:7

BMI, kg/m2 25.9� 4.8 26.4� 4.2 25.4� 5.5

ASA score 2.4� 0.8 2.4� 0.9 2.4� 0.6

Diabetes mellitus 3 (9.4%) 2 (11.8%) 1 (6.7%)

Cardiovascular disease 15 (46.9%) 9 (52.9%) 6 (40.0%)

Smoking history 8 (25.0%) 5 (29.4%) 3 (20.0%)

Daily alcohol consumption 5 (15.6%) 2 (11.8%) 3 (20.0%)

Preoperative Hb, g/dl 13.3� 1.9 13.0� 2.2 13.7� 1.2

Preoperative CRP, mg/l 7.0� 14.3 11.2� 19.0 2.6� 3.3

Time from internal fixation

to conversion THA, months

35.7� 65.3 7.1� 7.3 68.1� 85.2a

Type of internal fixation

Intramedullary nail 14 (43.8%) 6 (35.3%) 8 (53.3%)

Dynamic hip screw 11 (34.4%) 6 (35.3%) 5 (33.3%)

Cannulated screws 7 (21.9%) 5 (29.4%) 2 (13.3%)

Follow-up, months 45.9� 17.2 48.0� 16.6 43.4� 18.1

Data presented as mean� SD or n of patients (%).
aP¼ 0.015, between-group comparison; continuous variables were compared using Student’s t-test and categorical variables

were compared using Pearson’s v2-test; all other between-group comparisons showed no significant differences (P � 0.05).

BMI, body mass index; ASA, American Society of Anesthesiologists physical status score; Hb, haemoglobin; CRP,

C-reactive protein.

Figure 1. Representative pre- (a) and postoperative (b) radiographs of the conversion of prior failed hip
fracture fixation to cementless total hip arthroplasty.
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After targeted antibiotic treatment includ-
ing rifampin for 12 weeks, PJI was success-
fully controlled up to the latest follow-up.
Overall, two of 32 patients (6.3%) undergo-
ing conversion THA were diagnosed with
PJI after a mean follow-up of 37 months
(range, 19–74 months). In addition to the
PJI caused by C. acnes, there was one
patient with negative samples at the time
of conversion THA that required I&D
with head and liner exchange 1 week post-
operatively due to local signs of inflamma-
tion and persistent wound drainage. During
revision surgery, the synovial fluid culture
showed growth of Staphylococcus aureus,
whereas tissue and sonication fluid cultures
remained negative. After targeted antibiotic
treatment for a total duration of 12 weeks,
PJI was controlled up to the last follow-up.
Detailed data of all five patients with posi-
tive intraoperative cultures are shown in
Table 2.

Both patients that developed PJI under-
went conversion THA due to early fixation
failure (2.2 and 4.5 months after internal
fixation). BMI was significantly higher
(33.3 versus 25.4 kg/m2; P¼ 0.023) and pre-
operative haemoglobin values were lower
(10.0 versus 13.5 g/dl, P¼ 0.007) in patients
with PJI compared with those without PJI
(Table 3).

Discussion

Conversion THA following prior internal
fixation of the hip has been associated
with an increased risk of PJI.5,7 There are
currently no guidelines or criteria regarding
the diagnostic workup of patients undergo-
ing conversion THA. Given the complexity
of conversion THA, there is suspicion for
occult infections similar to revision THA,
especially given the number of studies that
have shown high rates of microbial coloni-
zation of osteosynthesis material even in
clinically unremarkable patients.9,10,22 To
the best of our knowledge, there is no T
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information on the utility of implant soni-

cation for diagnostic workup of patients

undergoing THA after prior internal

fixation of the hip. Therefore, the purpose

of this current study was to report

the results of implant sonication of the

proximal femur and its implications on the

clinical course of patients undergoing con-

version THA.
In the present study, none of the patients

showed confirmatory bacterial growth in

the sonication fluid. Overall, only one

patient was judged to have subclinical infec-

tion, with growth of E. faecalis in three

tissue samples. This patient received a tar-

geted antibiotic therapy for a total duration

of 12 weeks and did not show any signs of

PJI after a follow-up of 36 months.
The rate of subclinical infection was

3.1% in this current cohort, while four

additional patients had positive samples

classified as contamination, resulting in a

total rate of unexpected positive intraoper-

ative cultures of 15.6%. Therefore, the col-

onization rate was much lower than the rate

of 56.1% previously described for osteosyn-

thesis material of long bones.10 However,

the authors only stated that the most

common regions of fracture were the

wrist/forearm without providing any

detailed information.10 It remained unclear

if any of the pathogen detections reported

Table 3. Demographic and clinical characteristics of patients that did (n¼ 2) or did not (n¼ 30) develop
periprosthetic joint infection (PJI) after conversion of prior hip fracture fixation to total hip arthroplasty
(THA).

Variable

No PJI

n¼ 30

PJI

n¼ 2

Age, years 69.8� 15.5 68.3� 22.3

Sex, male:female 16:14 1:1

BMI, kg/m2 25.4� 4.4 33.3� 6.9a

ASA 2.3� 0.8 3.0� 0.0

Diabetes mellitus 3 (10.0%) 0 (0.0%)

Cardiovascular disease 13 (43.3%) 2 (100.0%)

Smoking history 7 (23.3%) 1 (50.0%)

Daily alcohol consumption 5 (16.7%) 0 (0.0%)

Preoperative Hb, g/dl 13.5� 1.7 10.0� 0.3b

Preoperative CRP, mg/l 5.9� 13.9 23.9� 12.7

Time from internal fixation to conversion THA, months 37.8� 66.9 3.4� 1.6

Type of internal fixation

Intramedullary nail 14 (46.7%) 0 (0.0%)

Dynamic hip screw 10 (33.3%) 1 (50.0%)

Cannulated screws 6 (20.0%) 1 (50.0%)

Indication for conversion THA

Fixation failure 15 (50.0%) 2 (100.0%)

Osteoarthritis 15 (50.0%) 0 (0.0%)

Positive cultures at conversion THA 4 (13.3%) 1 (50.0%)

Data presented as mean� SD or n of patients (%).
aP¼ 0.023, bP¼ 0.007, between-group comparisons; continuous variables were compared using Student’s t-test and cat-

egorical variables were compared using Pearson’s v2-test; all other between-group comparisons showed no significant

differences (P � 0.05).

BMI, body mass index; ASA, American Society of Anesthesiologists physical status score; Hb, haemoglobin; CRP,

C-reactive protein.
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in that study were observed around the
hip.10 Another study observed a very high
colonization rate for the clavicle, but did
not detect a single infection at the fibula.9

The authors concluded that the coloniza-
tion rate seems to be highly dependent on
the site of the osteosynthesis.9 This hypoth-
esis is confirmed by the results of this cur-
rent study, indicating that hip fracture
fixation devices are less frequently
colonized.

Overall, the rate of PJI was 6.3% in this
current cohort. Both patients developed
early PJI after a single-stage conversion
THA. One patient had a single positive
tissue sample of C. acnes, which was
regarded as contamination during the con-
version THA. During the revision surgery,
C. acnes was found again in the sonication
fluid cultures of the retrieved head and
liner. Hence, single specimen growth of a
low virulent pathogen was misinterpreted
as contamination during conversion THA.
The other patient had negative microbio-
logical results during conversion THA, but
later showed S. aureus in the intraoperative
joint aspirate of the revision surgery. In this
case, PJI might have represented a newly
introduced infection.

Implant sonication has been shown to be
effective for the dislodgement of adherent
bacteria from implants and has a signifi-
cantly high sensitivity for pathogen detec-
tion.23,24 However, the more culture
methods are added, the more diagnostic dif-
ficulties may arise. As consensus on the def-
inition criteria is lacking for this clinical
setting, the interpretation of positive cul-
tures leads to difficulties in choosing the
correct diagnosis and treatment for the
patient. The distinction between sample
contamination and true infection is some-
what unfeasible, especially when searching
for low-grade infections. This current study
found only microbial growth in less than 50
CFU/ml sonication fluid in three patients,
which were all regarded as contamination.

None of these patients developed PJI. The
challenges of positive sonication cultures in
presumed aseptic patients have been
described in several previous studies13,22,25

and whether colonized orthopaedic
implants become clinically symptomatic at
a later time-point or cause infection or
implant loosening still remains unclear.

In the current study, the only positive
microbiological result during conversion
THA that was classified as an infection
and treated with outpatient antibiotics was
obtained through tissue samples with
growth of E. faecalis. The patient had ini-
tially received a dynamic hip screw and was
converted to THA 10 months later due to
cut-out, but did not show any signs of PJI
after antibiotic treatment. A subclinical
infection with E. faecalis might be possible
as clinical presentation of enterococcal
infections are similar to that caused by
low-virulent pathogens such as C. acnes
and coagulase-negative staphylococci.26

However, other possible explanations
might be either contamination or newly
introduced pathogens. Therefore, microbio-
logical sampling should always be accom-
panied by histopathological analysis, and
possibly additional markers like synovial
fluid leucocyte count or alpha-defensin,
allowing for further assessment of possible
infection.23 However, as long as no robust
tests to differentiate between true patho-
gens and contaminants are available, we
recommend outpatient antimicrobial treat-
ment for at least 6 weeks in any conversion
THA with positive intraoperative
cultures.23

Detection of clinically silent infections
prior to conversion THA may significantly
affect preoperative planning. It should
never be taken for granted that the patient’s
pain is being caused solely from fixation
failure or OA. A previous study compared
the rate of early PJI after conversion THA
between patients undergoing single-stage or
two-stage surgery, but without taking into

8 Journal of International Medical Research



account preoperative signs of infection or

other patient-specific factors.27 This study

had shown a significantly higher rate of

PJI in patients treated with a single-stage

surgery and therefore generally recom-

mended a two-stage procedure.27 In this

current study, both patients that developed

PJI had elevated CRP values preoperatively

and both underwent conversion THA due

to early fixation failure. These results are in

keeping with a previous study that reported

CRP to be a useful screening tool to iden-

tify patients that are at an increased risk of

PJI after conversion THA.11 Early fixation

failure should also raise suspicion for infec-

tion and prompt careful diagnostic meas-

ures. In our opinion, a single-stage

procedure is still justified for clinically unre-

markable patients undergoing conversion

THA for post-traumatic OA.

Intraoperative cultures should be taken of

any patient undergoing conversion THA5,7

in order to identify patients that might ben-

efit from outpatient antibiotic treatment. In

any patient with preoperative suspicion of

infection, we recommend preoperative joint

aspiration. Whether patients might benefit

from implant removal with diagnostic

biopsy at a first-stage and the THA proce-

dure at a second-stage remains unclear.
The authors acknowledge the limitations

of this study. First, it had a retrospective

study design and a small patient cohort.

Secondly, there are currently no guidelines

for diagnosing infection in conversion THA

as well as accepted cut-off values for soni-

cation fluid cultures and/or intraoperative

cultures, leaving an individual decision if

further workup is required at the discretion

of the treating interdisciplinary team.

Another bias might be the heterogenous

population prompting a conversion THA.

However, the study tried to minimize this

bias by excluding those patients with con-

version THA using acetabular osteosynthe-

sis material, which has been reported to be

particularly susceptible to infection and

osteosynthesis material is often retained.28

In conclusion, this current study is the

first to report sonication cultures in conver-

sion THA and it found no benefit in diag-

nostic utility for unravelling infections.

Patients with elevated CRP and conversion

THA due to early fixation failure seem to

have an increased risk to develop PJI and

should strictly prompt a thorough preoper-

ative work-up. Intraoperative cultures are

mandatory in order to prevent a missed or

untreated PJI. As long as there is no robust

tool and definition criteria to rule out infec-

tion in this clinical scenario, any unexpected

bacterial growth may have clinical impor-

tance and should not be considered merely

contamination. Whether patients benefit

from further use of fixation device sonica-

tion and biofilm-active antibiotics in cases

with unexpected positive cultures is uncer-

tain. Future larger-scale studies with stan-

dardized treatment protocols are needed to

further investigate this issue.

Authors’ contributions

Y.P. participated in the design of the work, the

acquisition, analysis and interpretation of data,

drafted the manuscript, approved the submitted

version and agrees both to be personally

accountable for the author’s own contributions

and to ensure that questions related to the accu-

racy or integrity of any part of the work. M.P.

participated in the design of the work, substan-

tially revised the work, approved the submitted

version. C.P. also contributed to the critical revi-

sion and final approval of the manuscript. S.H.

participated in the design of the work, approved

the submitted version and agrees both to be per-

sonally accountable for the author’s own contri-

butions and to ensure that questions related to

the accuracy or integrity of any part of the work.

C.H. participated in the design of the work, the

acquisition and interpretation of data, drafted

the manuscript, approved the submitted version

and agrees both to be personally accountable for

the author’s own contributions and to ensure

Palmowski et al. 9



that questions related to the accuracy or integri-

ty of any part of the work.

Acknowledgement

Dr. Palmowski is participant in the BIH-Charit�e

Junior Clinician Scientist Program funded by the

Charit�e -Universit€atsmedizin Berlin and the

Berlin Institute of Health.

Declaration of conflicting interest

The authors declare that there are no conflicts of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Yannick Palmowski https://orcid.org/0000-

0002-4555-036X

References

1. Dhanwal DK, Dennison EM, Harvey NC,

et al. Epidemiology of hip fracture:

Worldwide geographic variation. Indian J

Orthop 2011; 45: 15–22.
2. Broderick JM, Bruce-Brand R, Stanley E,

et al. Osteoporotic hip fractures: the

burden of fixation failure.

ScientificWorldJournal 2013; 2013: 515197.
3. Karaeminogullari O, Demirors H, Atabek

M, et al. Avascular necrosis and nonunion

after osteosynthesis of femoral neck frac-

tures: effect of fracture displacement and

time to surgery. Adv Ther 2004; 21: 335–342.
4. Stockton DJ, O’Hara LM, O’Hara NN,

et al. High rate of reoperation and conver-

sion to total hip arthroplasty after internal

fixation of young femoral neck fractures: a

population-based study of 796 patients. Acta

Orthop 2019; 90: 21–25.
5. Schwarzkopf R and Baghoolizadeh M.

Conversion total hip arthroplasty: Primary

or revision total hip arthroplasty. World J

Orthop 2015; 6: 750–753.
6. Tetsunaga T, Fujiwara K, Endo H, et al.

Total hip arthroplasty after failed treatment

of proximal femur fracture. Arch Orthop

Trauma Surg 2017; 137: 417–424.
7. Gittings DJ, Courtney PM, Ashley BS, et al.

Diagnosing Infection in Patients

Undergoing Conversion of Prior Internal

Fixation to Total Hip Arthroplasty.

J Arthroplasty 2017; 32: 241–245.
8. Darouiche RO. Treatment of infections

associated with surgical implants. N Engl J

Med 2004; 350: 1422–1429.
9. Both A, Klatte TO, Lubke A, et al. Growth

of Cutibacterium acnes is common on osteo-

synthesis material of the shoulder in patients

without signs of infection. Acta Orthop 2018;

89: 580–584.
10. Knabl L, Kuppelwieser B, Mayr A, et al.

High percentage of microbial colonization

of osteosynthesis material in clinically unre-

markable patients. Microbiologyopen 2019;

8: e00658.
11. Cichos KH, Christie MC, Heatherly AR,

et al. The Value of Serological Screening

Prior to Conversion Total Hip

Arthroplasty. J Arthroplasty 2020; 35:

S319–S324.
12. von Elm E, Altman DG, Egger M, et al. The

Strengthening the Reporting of

Observational Studies in Epidemiology

(STROBE) statement: guidelines for report-

ing observational studies. J Clin Epidemiol

2008; 61: 344–349.
13. Trampuz A, Piper KE, Jacobson MJ, et al.

Sonication of removed hip and knee pros-

theses for diagnosis of infection. N Engl J

Med 2007; 357: 654–663.
14. Schafer P, Fink B, Sandow D, et al.

Prolonged bacterial culture to identify late

periprosthetic joint infection: a promising

strategy. Clin Infect Dis 2008; 47: 1403–1409.
15. Parvizi J, Zmistowski B, Berbari EF, et al.

New definition for periprosthetic joint infec-

tion: from the Workgroup of the

Musculoskeletal Infection Society. Clin

Orthop Relat Res 2011; 469: 2992–2994.
16. Ochsner PE, Borens O, Bodler PM, et al.

Infections of the musculoskeletal system:

basic principles, prevention, diagnosis and

treatment. 1st ed. Grandvaux: Swiss ortho-

paedics, 2014.
17. Perez-Prieto D, Portillo ME, Puig-Verdie L,

et al. C-reactive protein may misdiagnose

10 Journal of International Medical Research

https://orcid.org/0000-0002-4555-036X
https://orcid.org/0000-0002-4555-036X
https://orcid.org/0000-0002-4555-036X


prosthetic joint infections, particularly

chronic and low-grade infections. Int

Orthop 2017; 41: 1315–1319.
18. Akgun D, Muller M, Perka C, et al. High

cure rate of periprosthetic hip joint infection

with multidisciplinary team approach using

standardized two-stage exchange. J Orthop

Surg Res 2019; 14: 78.
19. Karczewski D, Winkler T, Renz N, et al. A

standardized interdisciplinary algorithm for

the treatment of prosthetic joint infections.

Bone Joint J 2019; 101-B: 132–139.
20. Hipfl C, Winkler T, Janz V, et al.

Management of Chronically Infected Total

Knee Arthroplasty With Severe Bone

Loss Using Static Spacers With

Intramedullary Rods. J Arthroplasty 2019;

34: 1462–1469.
21. Portillo ME, Salvado M, Trampuz A, et al.

Sonication versus vortexing of implants for

diagnosis of prosthetic joint infection. J Clin

Microbiol 2013; 51: 591–594.
22. Fuchs M, Kinzel S, Gwinner C, et al.

Clinically Asymptomatic Patients Show a

High Bacterial Colonization Rate of

Osteosynthetic Implants Around the Knee

but Not the Hip. J Arthroplasty 2019; 34:

1761–1766.

23. Trampuz A and Zimmerli W. Diagnosis and
treatment of infections associated with
fracture-fixation devices. Injury 2006; 37:
S59–S66.

24. Tunney MM, Patrick S, Gorman SP, et al.
Improved detection of infection in hip
replacements. A currently underestimated
problem. J Bone Joint Surg Br 1998; 80:
568–572.

25. Pumberger M, Burger J, Strube P, et al.
Unexpected positive cultures in presumed
aseptic revision spine surgery using sonica-
tion. Bone Joint J 2019; 101-B: 621–624.

26. El Helou OC, Berbari EF, Marculescu CE,
et al. Outcome of enterococcal prosthetic
joint infection: is combination systemic ther-
apy superior to monotherapy? Clin Infect

Dis 2008; 47: 903–909.
27. Scholten R, Fussenich W, Somford MP,

et al. High incidence of early periprosthetic
joint infection following total hip arthro-
plasty with concomitant or previous hard-
ware removal. Arch Orthop Trauma Surg

2019; 139: 1051–1056.
28. Morison Z, Moojen DJ, Nauth A, et al.

Total Hip Arthroplasty After Acetabular
Fracture Is Associated With Lower
Survivorship and More Complications.

Clin Orthop Relat Res 2016; 474: 392–398.

Palmowski et al. 11


	table-fn1-03000605211028123
	table-fn2-03000605211028123
	table-fn3-03000605211028123
	table-fn4-03000605211028123
	table-fn5-03000605211028123
	table-fn6-03000605211028123
	table-fn7-03000605211028123

