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Abstract: Prosthetic joint infections (PJIs) occurring in multiple joints at the same time (synchronous
PJI) are an extremely rare complication, frequently associated with bacteremia, and are associated
with high mortality rates. The presence of three or more prosthetic joints, rheumatoid arthritis,
neoplasia, bacteremia and immune-modulating therapy seem to be the recurring risk factors for
synchronous PJI. In case of PJIs, all other replaced joints should be considered as potentially infected
and investigated if PJI is suspected. Treatments of synchronous multiple PJIs vary and must be
decided on a case-by-case basis. However, the advantages of one-stage exchange seem to outweigh
the two-stage protocol, as it decreases the number of necessary surgical procedures. Nonetheless, too
few studies have been conducted to allow firm conclusions about the best handling of synchronous
PJI. Thus, additional studies are needed to understand this devastating complication and to design
the most appropriate diagnostic and therapeutic path.
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1. Introduction

Prosthetic joint infections (PJIs) are a rare but serious complication following arthro-
plasties [1]. PJIs occurring in multiple joints represent an even rarer complication, fre-
quently associated with bacteremia, associated with high mortality rates. Most of them are
metachronous, occurring at a different time in multiple replaced joints [2].

The incidence of synchronous PJI, occurring simultaneously at different sites, is ex-
tremely low [3–8]. However, the increasing number of people carrying multiple arthroplas-
ties in their bodies increases the population at risk for synchronous PJI.

In the literature, there is an overall paucity of data available on the clinical features
and outcomes of patients with synchronic PJI, with most of the data being extrapolated
from heterogeneous series that include metachronous and synchronous multiple PJIs [3,6].

The aim of this scoping review is to provide an overview on the main aspects syn-
chronous multiple PJIs, such as epidemiology, risk factors and management, in order to
find specific variables worthy of further investigation by specific studies.

2. Materials and Methods

An in-depth search of the scientific research was performed according to PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) Extension for
Scoping Reviews (PRISMA ScR) [9]. The search algorithm according to these guidelines is
shown in Figure 1.

Diagnostics 2022, 12, 1841. https://doi.org/10.3390/diagnostics12081841 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics12081841
https://doi.org/10.3390/diagnostics12081841
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-2099-8547
https://orcid.org/0000-0003-0546-670X
https://orcid.org/0000-0002-6182-9870
https://doi.org/10.3390/diagnostics12081841
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12081841?type=check_update&version=1


Diagnostics 2022, 12, 1841 2 of 9

A search regarding the existing evidence on synchronous periprosthetic joint infections
with no restrictions on date of publication, up to the end of September 2021, was performed
on the PubMed (https://pubmed.ncbi.nlm.nih.gov/ (accessed on 30 June 2022)), Scopus
(https://www.scopus.com (accessed on 30 June 2022)), and Cochrane Library (https://
www.cochranelibrary.com/ (accessed on 30 June 2022)) databases. Various combinations of
the following keywords were used: “synchronous periprosthetic joint infection”, “multiple
joint infection”, and “multiple arthroplasty infection”. The inclusion criteria were as
follows: original research reporting clinical outcomes synchronous periprosthetic joint
infections in the English language. The studies reporting data on multiple infections (both
metachronous and synchronous) regardless of the time of infections’ onset were retained
because of the presence of evidence of potential interest, but were not included in the main
results of the research. The studies were categorized by study type, according to the Oxford
Centre for Evidence-Based Medicine. We excluded animal studies, cadaveric studies,
biomechanical reports, case reports, literature reviews, editorial articles, surgical technique
descriptions, and instructional courses. Articles that were considered relevant during the
electronic search were retrieved in full-tex formt, and a cross-referencing hand-search of
their bibliographies was performed in order to find further related articles. Reviews and
meta-analysis were also analyzed in order to broaden the search for studies that might have
been missed through the electronic search.

The main clinical aspects evaluated in this review were epidemiology, risk factors,
diagnosis, and treatment.

To assess the quality of the articles, the Institute of Health Economics (IHE) Qual-
ity Appraisal Checklist for Case Series Studies, which assesses methodologies based on
20 criteria (Table 1), was performed. The IHE checklist stratifies the quality of studies using
a continuous scale of values. However, to facilitate the readability of the data, the authors
considered it useful to artificially introduce a categorical stratification into (1) high quality
studies, if the positive responses to the queries totaled >15; (2) moderate quality studies,
if they totaled ≤15 and ≥10; (3) low quality studies, if they totaled <10. Each study was
assessed by two reviewers (M.F. and C.G.) independently and in duplicate; disagreement
was resolved by the senior author (M.DP.).
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Figure 1. PRISMA ScR algorithm of the included studies. 
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Q7: did patients enter the study at a similar point in the disease? yes yes yes yes yes 
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Q12: were the relevant outcomes measured using appropriate 
objective/subjective methods? yes yes yes yes yes 
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Q14: were the statistical tests used to assess the relevant 
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Table 1. IHE quality appraisal checklist for case series included in this review.

Study Zeller
et al. [4]

Gausden
et al. [5]

Thiensen
et al. [6]

Komnos
et al. [7]

Abblitt
et al. [8]

Q1: was the hypothesis/aim/objective of the study clearly stated? yes yes yes yes yes

Q2: was the study conducted prospectively? no no no no no

Q3: were the cases collected in more than one centre? no no no no no

Q4: were patients recruited consecutively? yes yes yes yes yes

Q5: were the characteristics of the patients included in the study
described? yes yes yes yes yes

Q6: were the eligibility criteria (i.e., inclusion and exclusion criteria)
for entry into the study clearly stated? yes yes yes yes yes

Q7: did patients enter the study at a similar point in the disease? yes yes yes yes yes

Q8: was the intervention of interest clearly described? yes yes yes yes yes

Q9: were additional interventions (co-interventions) clearly
described? no no no no no

Q10: were relevant outcome measures established a priori? yes yes yes yes yes

Q11: were outcome assessors blinded to the intervention that patients
received? no no no no no

Q12: were the relevant outcomes measured using appropriate
objective/subjective methods? yes yes yes yes yes

Q13: were the relevant outcome measures made before and after the
intervention? no no no no no

Q14: were the statistical tests used to assess the relevant outcomes
appropriate? no yes yes yes yes

Q15: was follow-up long enough for important events and outcomes
to occur? yes yes yes yes yes

Q16: were losses to follow-up reported? yes no no no no

Q17: did the study provided estimates of random variability in the
data analysis of relevant outcomes? no yes yes yes no

Q18: were the adverse events reported? yes yes yes no no

Q19: were the conclusions of the study supported by results? yes yes yes yes yes

Q20: were both competing interests and sources of support for the
study reported? no no yes yes yes

TOTAL (yes/no/unclear) 12/8/0 13/7/0 14/6/0 13/7/0 12/8/0

3. Results and Discussion

Only five studies reported series of synchronous or both synchronous and metachronous
periprosthetic joint infections in which the data concerning synchronous infections were
clearly distinguishable [4–8] (Tables 1–5). Three further studies were considered as report-
ing data on multiple PJIs [10–12] (Table 5). The overall quality of the series assessed via
IHE checklist was found to be moderate in all the cases (Table 1).
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Table 2. Incidence of synchronous PJIs.

Study
Patients with

Multiple
Arthroplasties (n◦)

Synchronous PJI (n◦) Percent

Zeller et al. [4] 1185 16 1.4%

Gausden et al. [5] 2671 34 1.3%

Thiensen et al. [6] 644 26 4%

Komnos et al. [7] 197 11 5%

Abblitt et al. [8] 76 4 5%

Table 3. Joints involved.

Study Joints Involved

Zeller et al. [4] 8 bilateral THA, 3 bilateral TKA, 4 TKA and THA, 1 bilateral TKA + THA +
toe arthroplasty

Gausden et al. [5] 27 bilateral TKA, 3 bilateral THA, 1 TKA + TSA, 1 TKA + TEA, 1 bilateral
THA + TKA

Thiensen et al. [6] 20 THA, 15 TKA, 7 TSA

Komnos et al. [7] 19 THA, 4 TKA

Abblitt et al. [8] 3 bilateral TKA, 1 THA + TKA
Abbreviations: TKA, total knee arthroplasty; THA, total hip arthroplasty; TSA, total shoulder arthroplasty; TEA,
total elbow arthroplasty.

Table 4. Bacteria associated with synchronous PJIs.

Study S. aureus
(n◦)

S. epider-
midis
(n◦)

Streptococcus
spp. (n◦)

E. coli
(n◦)

P.
mirabilis

(n◦)

N. menin-
gitidis

(n◦)

Enterococcus
spp. (n◦)

R. Ornithi-
nolytica

(n◦)

M.
Chelonae

(n◦)

Unknown
(n◦)

Zeller
et al. [4] 8 (50%) 1 (6%) 6 (38%) 1 (6%) / / / / / /

Gausden
et al. [5] 12 (35%) 1 (3%) 4 (12%) 1 (3%) 1 (3%) 1 (3%) / 1 (3%) 1 (3%) 12 (35%)

Thiensen
et al. [6] 5 (19.2%) 9 (34.6%) 2 (7.7%) 2 (7.7%) / / 3 (11.5%) / / 4 (11.5%)

Komnos
et al. [7] 4 (36%) 3 (27%) 1 (9%) 1 (9%) / / / / / 2 (18%)

Abblitt
et al. [8] 3 (75%) / 1 (25%) / / / / / / /

Table 5. Risk factors for synchronous PJI.

Study Risk Factors for Synchronous PJI

Zeller et al. [4] Staphylococcal or streptococcal bacteremia
Gausden et al. [5] Bacteremia

Thiensen et al. [6] 3 or more prosthetic joints, rheumatoid arthritis, neoplasia,
immune-modulating therapy, bacteremia, sepsis

Komnos et al. [7] Bacteremia
Abblitt et al. [8] Bacteremia
Jafari et al. [10] Immunosuppression
Luessenhop et al. [11] Rheumatoid arthritis
Haverstock et al. [12] Bacteremia

3.1. Epidemiology

The incidence of synchronous PJI is low and not well studied. It is estimated to range
between 1.4% and 5% of all PJIs (Table 2).
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Zeller et al. [4] found 16 (1.4%) patients with synchronous PJI in a cohort of 1185 patients
affected by PJIs. PJIs involved bilateral total hip arthroplasty (THA) in eight patients,
bilateral total knee arthroplasty (TKA) in three patients, one THA and TKA in four patients.
In one patient, a bilateral TKA, one THA and one toe arthroplasty were infected. (Table 3)

Gausden et al. [6] treated 2671 PJIs between 1990 and 2018, identifying only 34 patients
(1.3%) who developed PJIs involving more than one joint simultaneously. PJIs involved
bilateral TKA in 27 patients, bilateral THA in 3 patients, one TKA and one total shoulder
arthroplasty in 1 patient, one TKA and one total elbow arthroplasty in 1 patient, and
bilateral THA and one TKA in 1 patient.

Thiesen at al. [5] analyzed a selected cohort of 644 patients, and the incidence of
synchronous PJI was as high as 4%. They found that 20 THA, 15 TKA and 7 total
shoulder arthroplasties were implicated, but the distribution of these in the patients was
not indicated.

Komnos et al. [7] found a higher prevalence of synchronous PJI (5%). They did not
specify sites of synchronous PJI, but they indicated that 19 THA and 4 TKA were involved.

Abblitt at al. [8] considered 76 patients with multiple PJIs, 4 of whom had syn-
chronous PJI. (5%) The PJIs involved were THA + TKA in one patient and bilateral TKA in
three patients.

The bacteria associated with synchronous PJI are similar to those found in single-
joint PJIs. Staphylococcus aureus (both methicillin sensible and resistant), Streptococcus and
Escherichia coli are the most common causative organisms. Another frequently observed
causative microorganism is Staphylococcus epidermidis, a low-virulence pathogen that causes
slowly progressing infections [7,13] (Table 4).

Gausden at al. [6] reported an increased mortality rate in synchronous PJI (18% within
30 days and 27% within 1 year) compared to a single PJI (a 1-year mortality of 8% and a
5-year mortality of 21%) [14,15].

3.2. Risk Factors

Multiple etiological risk factors for PJIs have been proposed in the literature [16,17].
However, only sparse information has been reported on risk factors for synchronous
multiple PJIs. (Table 5)

Thiesen et al. [5] identified the presence of three or more arthroplasties, rheumatoid
arthritis, a history of neoplasia, the use of immune-modulating therapies and sepsis as risk
factors for developing synchronous PJI.

Jafari et al. [10] reported that the risk of synchronous PJI is increased in immunocom-
promised patients.

Luessenhop et al. [11] identified rheumatoid arthritis as the leading risk factor for mul-
tiple PJI, although they did not distinguish between metachronous and synchronous PJI.

Zeller et al. [4] underlined that all synchronous PJIs were secondary to a hematogenous
spread, occurring after a long infection-free interval. Bacteremia and a distant infectious
focus were identifiable in half of the patients. In two patients of their series, the bacteremia
source was an early postoperative infection of a prosthesis that subsequently spread to
another prosthesis. In other patients of that series, distant foci were identified in an
endovascular prosthesis, spondylodiscitis, and endocarditis of a pacemaker.

Haverstock et al. [12] reported that acute hematogenous spread was involved in
approximately 50% of patients with multiple PJIs in their series.

Abblitt et al. [8] observed bacteremia as a significant risk factor for multiple PJIs.
Gausden et al. [6] identified acute infections caused by hematogenous spread and

bacteremia in 41% of their patients.

3.3. Diagnosis

Different classification systems can be used for the diagnosis of PJI, including those re-
ported by the Musculoskeletal Infection Society (MSIS) and those reported by the European
Bone and Joint Infection Society (EBJIS) [18,19]. Clinical suspicion and a thorough history
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remain the basis of correct evaluation [20]. This is the first step in risk stratification and
guides the strategy for the execution of subsequent diagnostic tests. A suspicious clinical
presentation is defined as pain, heat, joint effusion, reddening and joint dysfunction. Nev-
ertheless, the absence of clinical signs is not always indicative of the absence of infection. In
the series by Thiensen et al. [5], only 14 (54%) out of 26 patients affected by a synchronous
PJI showed clinical signs of infection in all infected joints.

Isolation of the causative microorganism from cultures of fluid or tissue obtained from
the affected joint is critical for the selection of suitable antibiotic therapy and can supply
information on prognosis. However, cultures are unfortunately limited by poor sensitivity
and may remain negative in up to 20% of patients with underlying PJI [21]. This evidence is
confirmed in the synchronous PJI. In the series by Gausden et al. [6], cultures were negative
in 11 of 34 patients (32%). In most of the cases, the inability to isolate the infecting organism
is due to the administration of antibiotics prior to obtaining fluid or tissue samples from
the affected joint. Therefore, a 2-week antibiotic-free interval is suggested before obtaining
culture samples [22].

Imaging is rarely diagnostic of infection and the role of nuclear medicine studies in the
diagnosis of PJI is now much more limited than in the past. However, X-rays can identify
periosteal new bone formation, which is considered a specific feature of PJIs, though with
low sensitivity (16%) in early cases. Other signs of PJIs on X-rays include sclerosis, cortical
thickening, soft tissue gas, and component loosening. TC and MRI are not normally useful
for the diagnosis of PJIs. Regarding nuclear medicine, the initial radionuclide test made
is generally bone scintigraphy; this has high sensitivity, but low specificity, but if it is
negative the diagnosis of PJI can be excepted. In the case of positive bone scintigraphy, the
addition of labeled leukocyte scintigraphy significantly increases the diagnostic reliability
for PJIs [23]. Therefore, in the case of a confirmed PJI, all other replaced joints should be
investigated.

In the suspicion of synchronous PJI, blood cultures for aerobic and anaerobic microor-
ganisms are critical too, given that most authors agree that synchronous PJI is very often
related to bacteremia.

In the case of PJI confirmed in one joint, it is still debated as to whether all replaced
joints should be aspirated. Zeller et al. [4] and Wouthuyzen-Bakker et al. [24] did not
routinely aspirate all joints with total joint arthroplasty in the case of a PJI. The choice
to perform joint aspiration or not was based on clinical signs, symptoms, suspicious
radiographs (periosteal reaction) or a case of sepsis. Similarly, Gausden et al. [6] did not
routinely aspirate other joints when a patient presented with a single PJI, unless the other
joints were symptomatic. On the other hand, Thiensen et al. [5] recommended performing
the aspiration of all replaced joints if another site PJI was diagnosed. This is particularly
suggested in the case of a suspected synchronous PJI caused by a low-virulence pathogen.
Komnos et al. [7] reported on 10 patients who underwent aspiration of a joint other than
the one with a confirmed PJI. Four of these aspirates were positive, with one of them being
asymptomatic. Thus, the authors suggested that in a case of a confirmed PJI, an aspiration
of the other joints with a prosthesis in place should be considered for patients presenting
with risk factors for synchronous PJIs.

3.4. Treatment

Regarding the PJI treatment, the latest guidelines show that the medical–surgical
management strategy has to be decided in multidisciplinary consensus meetings, composed
of orthopedic surgeons and infectious disease specialists, guided by the type of PJI, the
isolated microorganism and its antibiotic susceptibility [25,26].

Debridement and implant retention can be attempted in acute post-operative and
hematogenous PJI occurring earlier than 30 days after prosthesis implantation or <3 weeks
since the onset of symptoms and in the absence of a sinus tract [27]. A one-stage exchange
strategy for the treatment of PJI may be considered in patients with an infection who have a
good soft tissue envelope, provided that the pathogens are known preoperatively and that
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they are susceptible to oral antimicrobials with excellent oral bioavailability [28]. Two-stage
exchange strategy is indicated in patients who are not candidates for a one-stage exchange,
with pathogens which are unknown preoperatively or difficult to treat, who are medically
able to undergo multiple surgeries [29].

The best treatment approach is not as clear when dealing with synchronous PJI,
considering that very few data are available on the management of concomitant multiple
PJIs. In their series, Zeller et al. [4] treated three patients affected by an acute PJI with
simultaneous debridement and prosthesis retention of all affected joints. Six patients with
a delayed or late PJI were treated with subsequent one-stage exchange arthroplasties with
an interval of 40 days between the two operations. One patient was managed with a two-
stage exchange of a hip prosthesis, followed by a one-stage exchange of the contralateral
hip prosthesis. Another patient underwent permanent resection arthroplasty on the hip
prosthesis, followed one month later by two-stage exchange of the other hip prosthesis.
Palliative surgeries and suppressive antibiotic therapy were performed in very old patients
(range 78–93 years) and in those with a high surgical risk. Palliative surgery included the
drainage of an abscess in two patients with bilateral THA and bilateral TKA infections, one-
stage exchange for only one loosened and painful prosthesis in one patient with bilateral
THA infection, and resection of the toe arthroplasty in one patient with bilateral TKA
+ THA + toe arthroplasty infection. Gausden et al. [6] used debridement and implant
retention in 23 patients, two-stage exchange of all involved joints in 10 patients and a
combination of both approaches in 1 patient. Thiensen et al. [5] used a one-stage exchange
of all affected joints at the same surgery.

4. Conclusions

Synchronous PJI is a rare but very serious complication associated with high patient
mortality and a high risk of reinfection. The presence of three or more prosthetic joints,
rheumatoid arthritis, neoplasia, bacteremia and immune-modulating therapy seems to be
the recurring risk factors for synchronous PJI. In the case of PJI, all other replaced joints
should be considered as potentially infected and investigated if PJI is suspected.

Treatment of synchronous multiple PJI is various and must be decided on a case-by-
case basis. However, the advantages of one-stage exchange seem to outweigh those of the
two-stage protocol, as it decreases the number of necessary surgical procedures. Nonethe-
less, too few studies have been conducted to allow firm conclusions about the best handling
of synchronous PJI. Thus, additional studies are needed to understand this devastating
complication and to design the most appropriate diagnostic and therapeutic path.

Author Contributions: Conceptualization, A.S., M.F. (Michele Fiore) and E.C.; methodology, C.G.,
C.R., L.M., E.Z. and S.T.; software, formal analysis, E.C. and M.F. (Matteo Filippini); writing—original
draft preparation, E.C., A.S. and E.Z.; writing—review and editing, M.F. (Michele Fiore), A.S. and
S.T.; supervision, P.V. and M.D.P. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data reported in this study are available in the literature.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2022, 12, 1841 8 of 9

References
1. Springer, B.D.; Cahue, S.; Etkin, C.D.; Lewallen, D.G.; McGrory, B.J. Infection burden in total hip and knee arthroplasties: An

international registry-based perspective. Arthroplast. Today 2017, 3, 137–140. [CrossRef] [PubMed]
2. Murray, R.P.; Bourne, M.H.; Fitzgerald, R.H. Metachronous infections in patients who have had more than one total joint

arthroplasty. J. Bone Jt. Surg. 1991, 73, 1469–1474. [CrossRef]
3. Pina, M.; Gaukhman, A.D.; Hayden, B.; Smith, E.L. Three Concurrent Periprosthetic Joint Infections: A Case Report and Literature

Review. Hip Pelvis 2019, 31, 57–62. [CrossRef] [PubMed]
4. Zeller, V.; Dedome, D.; Lhotellier, L.; Graff, W.; Desplaces, N.; Marmor, S. Concomitant multiple joint arthroplasty infections:

Report on 16 cases. J. Arthroplast. 2016, 31, 2564–2568. [CrossRef]
5. Thiesen, D.M.; Mumin-Gündüz, S.; Gehrke, T.; Klaber, I.; Salber, J.; Suero, E.; Mustafa, C. Synchronous periprosthetic joint

infections: The need for all artificial joints to Be aspirated routinely. J. Bone Jt. Surg. 2020, 102, 283–291. [CrossRef]
6. Gausden, E.B.; Pagnano, M.W.; Perry, K.I.; Suh, G.A.; Berry, D.J.; Abdel, M.P. Synchronous Periprosthetic Joint Infections: High

Mortality, Reinfection, and Reoperation. J. Arthroplast. 2021, 36, 3556–3561. [CrossRef]
7. Komnos, G.A.; Manrique, J.; Goswami, K.; Tan, T.L.; Restrepo, C.; Sherman, M.B.; Parvizi, J. Periprosthetic joint infection in

patients who have multiple prostheses in place: What should Be done with the silent prosthetic joints. J. Bone Jt. Surg. 2020, 102,
1160–1168. [CrossRef]

8. Abblitt, W.P.; Chan, E.W.; Shinar, A.A. Risk of Periprosthetic Joint Infection in Patients with Multiple Arthroplasties. J. Arthroplast.
2018, 33, 840–843. [CrossRef]

9. Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.;
et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467–473.
[CrossRef]

10. Jafari, S.M.; Casper, D.S.; Restrepo, C.; Zmistowski, B.; Parvizi, J.; Sharkey, P.F. Periprosthetic joint infection: Are patients with
multiple prosthetic joints at risk? J. Arthroplast. 2012, 27, 877–880. [CrossRef]

11. Luessenhop, C.P.; Higgins, L.D.; Brause, B.D.; Ranawat, C.S. Multiple prosthetic infections after total joint arthroplasty. Risk
factor analysis. J. Arthroplast. 1996, 11, 862–868. [CrossRef]

12. Haverstock, J.P.; Somerville, L.E.; Naudie, D.D.; Howard, J.L. Multiple Periprosthetic Joint Infections: Evidence for Decreasing
Prevalence. J. Arthroplast. 2016, 31, 2862–2866. [CrossRef]

13. Unter Ecker, N.; Suero, E.M.; Gehrke, T.; Haasper, C.; Zahar, A.; Lausmann, C.; Hawi, N.; Citak, M. Serum C-reactive protein
relationship in high- versus low-virulence pathogens in the diagnosis of periprosthetic joint infection. J. Med. Microbiol. 2019, 68,
910–917. [CrossRef]

14. Gundtoft, P.H.; Pedersen, A.B.; Varnum, C.; Overgaard, S. Increased mortality after prosthetic joint infection in primary THA.
Clin. Orthop. Relat. Res. 2017, 475, 2623–2631. [CrossRef]

15. Natsuhara, K.M.; Shelton, T.J.; Meehan, J.P.; Lum, Z.C. Mortality during total hip periprosthetic joint infection. J. Arthroplast. 2019,
34, S337–S342. [CrossRef]

16. Zhu, Y.; Zhang, F.; Chen, W.; Liu, S.; Zhang, Q.; Zhang, Y. Risk factors for periprosthetic joint infection after total joint arthroplasty:
A systematic review and meta-analysis. J. Hosp. Infect. 2015, 89, 82–89. [CrossRef]

17. Kong, L.; Cao, J.; Zhang, Y.; Ding, W.; Shen, Y. Risk factors for periprosthetic joint infection following primary total hip or knee
arthroplasty: A meta-analysis. Int. Wound J. 2017, 14, 529–536. [CrossRef]

18. Parvizi, J.; Tan, T.L.; Goswami, K.; Higuera, C.; Della Valle, C.; Chen, A.F.; Shohat, N. The 2018 Definition of Periprosthetic Hip
and Knee Infection: An Evidence-Based and Validated Criteria. J. Arthroplast. 2018, 33, 1309–1314.e2. [CrossRef]

19. McNally, M.; Sousa, R.; Wouthuyzen-Bakker, M.; Chen, A.; Soriano, A.; Vogely, C.; Clauss, M.; Higuera, C.; Trebše, R. The EBJIS
definition of periprosthetic joint infection. Bone Jt. J 2021, 103-B, 18–25. [CrossRef]

20. Luthringer, T.A.; Fillingham, Y.A.; Okroj, K.; Ward, E.J.; Della Valle, C. Periprosthetic Joint Infection After Hip and Knee
Arthroplasty: A Review for Emergency Care Providers. Ann. Emerg. Med. 2016, 68, 324–334. [CrossRef]

21. Ting, N.T.; Della Valle, C.J. Diagnosis of Periprosthetic Joint Infection-An Algorithm-Based Approach. J. Arthroplast. 2017, 32,
2047–2050. [CrossRef]

22. Parvizi, J.; Erkocak, O.F.; Della Valle, C.J. Culture-negative periprosthetic joint infection. J. Bone Jt. Surg. 2014, 96, 430–436.
[CrossRef]

23. Sambri, A.; Spinnato, P.; Tedeschi, S.; Zamparini, E.; Fiore, M.; Zucchini, R.; Giannini, C.; Caldari, E.; Crombé, A.; Viale, P.; et al.
Bone and Joint Infections: The Role of Imaging in Tailoring Diagnosis to Improve Patients’ Care. J. Pers. Med. 2021, 11, 1317.
[CrossRef]

24. Wouthuyzen-Bakker, M.; Sebillotte, M.; Arvieux, C.; Fernandez-Sampedro, M.; Senneville, E.; Barbero, J.M.; Lora-Tamayo, J.;
Aboltins, C.; Trebse, R.; Salles, M.J.; et al. How to Handle Concomitant Asymptomatic Prosthetic Joints During an Episode of
Hematogenous Periprosthetic Joint Infection, a Multicenter Analysis. Clin. Infect. Dis. 2021, 73, e3820–e3824. [CrossRef]

25. Karczewski, D.; Winkler, T.; Renz, N.; Trampuz, A.; Lieb, E.; Perka, C.; Müller, M. A standardized interdisciplinary algorithm for
the treatment of prosthetic joint infections. Bone Jt. J. 2019, 101-B, 132–139, Erratum in Bone Jt. J. 2019, 101-B, 1032. [CrossRef]

26. Sambri, A.; Fiore, M.; Tedeschi, S.; De Paolis, M. The Need for Multidisciplinarity in Modern Medicine: An Insight into
Orthopaedic Infections. Microorganisms 2022, 10, 756. [CrossRef]

http://doi.org/10.1016/j.artd.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28695187
http://doi.org/10.2106/00004623-199173100-00004
http://doi.org/10.5371/hp.2019.31.1.57
http://www.ncbi.nlm.nih.gov/pubmed/30899716
http://doi.org/10.1016/j.arth.2016.02.012
http://doi.org/10.2106/JBJS.19.00835
http://doi.org/10.1016/j.arth.2021.05.010
http://doi.org/10.2106/JBJS.18.01500
http://doi.org/10.1016/j.arth.2017.10.024
http://doi.org/10.7326/M18-0850
http://doi.org/10.1016/j.arth.2012.01.002
http://doi.org/10.1016/S0883-5403(96)80189-6
http://doi.org/10.1016/j.arth.2016.05.013
http://doi.org/10.1099/jmm.0.000958
http://doi.org/10.1007/s11999-017-5289-6
http://doi.org/10.1016/j.arth.2018.12.024
http://doi.org/10.1016/j.jhin.2014.10.008
http://doi.org/10.1111/iwj.12640
http://doi.org/10.1016/j.arth.2018.02.078
http://doi.org/10.1302/0301-620X.103B1.BJJ-2020-1381.R1
http://doi.org/10.1016/j.annemergmed.2016.03.004
http://doi.org/10.1016/j.arth.2017.02.070
http://doi.org/10.2106/JBJS.L.01793
http://doi.org/10.3390/jpm11121317
http://doi.org/10.1093/cid/ciaa1222
http://doi.org/10.1302/0301-620X.101B2.BJJ-2018-1056.R1
http://doi.org/10.3390/microorganisms10040756


Diagnostics 2022, 12, 1841 9 of 9

27. Osmon, D.R.; Berbari, E.F.; Berendt, A.R.; Lew, D.; Zimmerli, W.; Steckelberg, J.M.; Rao, N.; Hanssen, A.; Wilson, W.R. Infectious
Diseases Society of America. Diagnosis and management of prosthetic joint infection: Clinical practice guidelines by the Infectious
Diseases Society of America. Clin. Infect. Dis. 2013, 56, e1–e25. [CrossRef]

28. Zeller, V.; Lhotellier, L.; Marmor, S.; Leclerc, P.; Krain, A.; Graff, W.; Ducroquet, F.; Biau, D.; Leonard, P.; Desplaces, N.; et al.
One-stage exchange arthroplasty for chronic periprosthetic hip infection: Results of a large prospective cohort study. J. Bone Jt.
Surg. 2014, 96, e1. [CrossRef] [PubMed]

29. Charette, R.S.; Melnic, C.M. Two-Stage Revision Arthroplasty for the Treatment of Prosthetic Joint Infection. Curr. Rev. Muscu-
loskelet. Med. 2018, 11, 332–340. [CrossRef] [PubMed]

http://doi.org/10.1093/cid/cis803
http://doi.org/10.2106/JBJS.L.01451
http://www.ncbi.nlm.nih.gov/pubmed/24382729
http://doi.org/10.1007/s12178-018-9495-y
http://www.ncbi.nlm.nih.gov/pubmed/29948954

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Epidemiology 
	Risk Factors 
	Diagnosis 
	Treatment 

	Conclusions 
	References

