Joints
Periprosthetic joint infections: a clinical practice algorithm
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Abstract
Purpose: periprosthetic joint infection (PJI) accounts
for 25% of failed total knee arthroplasties (TKAs) and
15% of failed total hip arthroplasties (THAs). The
purpose of the present study was to design a multidisciplinary diagnostic algorithm to detect a PJI as cause
of a painful TKA or THA.
Methods: from April 2010 to October 2012, 111
patients with suspected PJI were evaluated. The study
group comprised 75 females and 36 males with an average age of 71 years (range, 48 to 94 years). Eightyfour patients had a painful THA, while 27 reported a
painful TKA. The stepwise diagnostic algorithm,
applied in all the patients, included: measurement of
serum C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) levels; imaging studies, including standard radiological examination, standard technetium-99m-methylene diphosphonate (MDP) bone
scan (if positive, confirmation by LeukoScan was
obtained); and joint aspiration with analysis of synovial fluid.
Results: following application of the stepwise diagnostic algorithm, 24 out of our 111 screened patients
were classified as having a suspected PJI (21.7%). CRP
and ESR levels were negative in 84 and positive in 17
cases; 93.7% of the patients had a positive technetium-labeled bone scan, and 23% a positive LeukoCorresponding Author:
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Scan. Preoperative synovial fluid analysis was positive
in 13.5%; analysis of synovial fluid obtained by preoperative aspiration showed a leucocyte count of >
3000 cells µ/l in 52% of the patients.
Conclusions: the present study showed that the diagnosis of PJI requires the application of a multimodal
diagnostic protocol in order to avoid complications
related to surgical revision of a misdiagnosed “silent”
PJI.
Level of evidence: Level IV, therapeutic case series.
Key Words: algorithm, arthroplasty, diagnosis, infection, joint, TKA, THA.

Introduction
Total joint arthroplasty (TJA) is a highly successful
procedure in the treatment of degenerative joint diseases. The number of total knee arthroplasties (TKAs)
and total hip arthroplasties (THAs) is increasing dramatically due to the increase in the average life span of
the population. It has been estimated that around
800,000 hip and knee TJAs are performed annually in
the USA (1). Periprosthetic joint infection (PJI)
accounts for 25% of failed TKAs and 15% of failed
THAs (2, 3). The risk of septic loosening is estimated
to be between 0.39 and 2.6% after primary TJA and
between 8 and 12% after revision TJA (3-5). In the
case of a painful TJA it is mandatory to distinguish
between aseptic and septic causes of the failure, given
that the treatment for a PJI might-impact on the
patient’s general health status, necessitating prolonged
hospitalization and repeated surgical interventions; a
PJI can sometimes even result in definitive loss of the
implant with significant permanent deformity. The
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final outcome after PJI treatment differs considerably
from the outcome of primary TJA, as shown in the
literature (6).
Predisposing factors to PJI include advanced age, malnutrition, obesity, diabetes, rheumatoid or psoriatic
arthritis, simultaneous infectious foci in different anatomical districts, previous joint surgeries or an infection in a previous arthroplasty (1). Many predisposing
factors are related to the index TJA procedure and
include prolonged duration of surgery, delayed wound
healing, persistent hematoma, and postoperative subcutaneous cellulitis. It is indeed well known that joint
implant infection can arise through three different
routes: direct infection at the time of the index procedure, hematogenic infection, and reactivation of latent
infection (7).
Surgeons currently use a wide range of infection prevention strategies, including shorter and specific courses of antibiotic therapy, shorter duration of surgery,
the use of less invasive surgical techniques, and, especially, better patient selection (8-10).
The clinical appearance of PJI depends on the virulence of the pathogenic agent, the nature of the infected tissue, the infection route, and the length of disease evolution. PJI might present acutely with severe
pain, high fever, local warmness, and sometimes surgical wound secretions, while the presenting signs of
chronic infections are progressive pain, the formation
of cutaneous fistulae and/or drainage of purulent
secretions. Currently, surgeons and internal medicine
physicians seeking to diagnose PJI use a multidisciplinary test battery that includes: tests to detect local
inflammation, such as synovial fluid white blood cell
(WBC) count and synovial tissue histology (11); measurement of the levels of systemic markers of inflammation, such as serum C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) and interleukin6 (IL-6) (12); imaging studies such as standard radiographs, technetium-labeled bone scans, magnetic resonance imaging, computed tomography (CT) and positron-emission tomography (13); and several bacterial
isolation techniques (Gram stain, culture).
Because of the above-mentioned issues surrounding
the early detection and treatment of PJI, several scientific societies in the field of orthopedics recently
published algorithms on how to approach a painful
TJA in the presence of a suspected PJI (14, 15).
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The purpose of the present study was to present a multidisciplinary diagnostic algorithm designed to detect
PJI as the cause of a painful TKA or THA. Use of this
algorithm is recommended in particular in medical
institutions not having the necessary resources to
implement all the recommendations contained in the
relevant international guidelines (16).

Methods
All the patients evaluated at our institution from April
2010 to October 2012 for possible infection of a painful THA or TKA were included in the present study.
Patients affected by any form of systemic inflammatory disease and patients with a suspected adverse tissue reaction to metal debris were also included.
Patients receiving antibiotics within three weeks of
joint aspiration were excluded.
One hundred eleven patients met the inclusion criteria. The study group comprised 75 females and 36
males with an average age of 71 years (range 48 to 94
years). The males were younger (average age 64 years)
than the females (average age 74 years). Eight-four
patients had a painful THA, while 27 reported a painful TKA. Patient screening included a thorough
history and physical examination. Information obtained from a patient’s history included the type of prosthesis, date of implantation, past surgeries on the
joint, history of wound healing problems, PJI risk factors, remote infections, current clinical symptoms
(including the presence of pain during passive and
active range of motion), drug allergies and intolerances, co-morbidities, prior microbiology results from
previous arthrocentesis and surgical procedures, and
previous antimicrobial therapies. The skin in the affected area was always screened for heat, rubor, cellulitis
and possible surgical wound secretions.
The stepwise diagnostic algorithm for all patients
included: systemic measures of inflammation, namely:
serum CRP levels (positive if > 10 mg/L) and ESR
levels (positive if > 30 mm/hr); imaging studies,
namely: standard radiological examination for THA
(standing anterior-posterior view of the pelvis, standing anterior-posterior view and lateral view of the
affected hip) or TKA [standing anterior-posterior view
of the of the affected limb, standing anterior-posterior
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view and lateral view of the affected knee, and bilateral Merchant’s knee view (17)], and technetium-99mmethylene diphosphonate (99m-Tc MDP) bone scan;
if this test resulted positive for implant loosening,
patients received a bone scan with 99m-Tc antigranulocyte antibody Fab’ fragments (LeukoScan) (18).
Joint aspiration was performed in all the patients
(fluoroscopically assisted in the THA cases) who
suspended antibiotic therapy three weeks beforehand:
analysis of synovial fluid included total cell count and
differential leucocyte count and cultures for aerobic
and anaerobic organisms, considering that two or
more positive cultures with the same organism or a
single positive culture with a virulent microorganism
has acceptable sensitivity and specificity (9, 19).
The patients were considered on a single-case basis
and the following features constituted definitive evidence of PJI: combined abnormal ESR and CRP
levels, a positive 99m-Tc MDP bone scan, a positive
LeukoScan, and a positive synovial fluid analysis with
a differential of > 65% neutrophils or a leucocyte
count of > 3000 µ/l, and the presence of two positive
cultures with the same organism or a single positive
culture with a virulent pathogen.

Fig. 1. A standard 99m-technetium MDP bone scan showing hypercaptation in the right hip with aspecific inflammatory response. The
analysis of the vascular phase shows hyper-caption of the contrast
medium at the level of the trochanteric region and along the proximal
femoral stem (SPECT CT technique).

Results
Following application of our stepwise diagnostic algorithm, 24 out of our 111 screened patients (8 men and
16 women with a mean age of 72 years) were classified
as having a suspected PJI (21%). This group comprised 10 THA (9%) and 14 TKA (12.6%) cases.
Serum CRP and ESR levels were negative in 84 cases
and positive in 17 cases. A single positivity was identified in 10 cases (CRP in 7 and VES in 3): the average
ESR value was 55 mm/hr while the average CRP value
was 47 mg\L.
All 111 patients underwent a technetium-labeled bone
scan (Fig. 1), which was positive in 104 (93.7%) and
negative in seven (6.3%). A leucocyte scan
(LeukoScan) protocol (16) was applied to these 104
positive bone scans (Fig. 2) and 24 (23%) resulted
positive.
Synovial fluid obtained by preoperative aspiration in all
111 patients showed an average leucocyte count of
27,800 cells µ/l (range: 1,084 to 77,193): a leucocyte
count of > 3000 cells µ/l was measured in 58 cases
(52%). An average differential of 79.1% polymorphonuclear neutrophils (range: 50% to 99%) was shown in
this case series: 47 cases (42%) (showed a differential of
>65% neutrophils. Fifteen cases (13.5%) were found to
be culture positive (13.5%). The organisms isolated
were: Staphylococcus (9 cases: Epidermidis in 4, Hominis
in 2, Coagulase neg. in 2, Capitis in 1), Pseudomonas (1
case), Streptococcus Agalactiae (1 case), Corinebacterium
(2 cases: Urealyticum in 1, Minutissimum in 1), FusobacteriumVarium (1 case), and a Bacillus species (1 case).
Nine other patients (8.1%) had negative cultures but
because these patients showed high positivity on all
other algorithm tests, the authors considered this subgroup affected by PJI. Analysis of synovial fluid from a
sample taken intra-operatively during revision surgery
was positive for aerobic and anaerobic organisms.
When reviewing all of the data from the algorithm
protocol, the authors of this study identified a 21.7%
incidence of PJI in the study group.

Discussion
The diagnosis of PJI can be difficult and requires the
application of many different diagnostic strategies
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The authors of the current study, when
approaching a painful TJA, consider
exclusion of a PJI as the first step in the
differential diagnostic workup. The
current literature is controversial because no a single test has been shown
to have sufficient sensitivity and/or
specificity to confirm a possible PJI
(11-16), underlining the need to perform multiple tests (19-24).
Recently, the American Academy of
Orthopaedic Surgeons (AAOS) (9, 15)
released new guidelines in order to
allow early diagnosis of PJI. The
authors of the current study used some
of these recommendations in their own
diagnostic algorithm, which was performed in a consecutive case series.
This algorithm regards the following
preoperative tests as mandatory: 1)
serum CRP and ESR levels; 2) standard 99m-technetium MDP bone scan
and (only if this test gives a positive
result for implant loosening) scanning
with 99mTc antigranulocyte antibody
99
Fig. 2. A mTc-Sulesumab bone scan (LeukoScan) with dual time acquisition protocol and
SPECT-CT technique with a preliminary finding of increased contrast medium uptake at
Fab’ fragments (LeukoScan); 3) arthrothe level of the trochanteric and periacetabular regions. At 18 hours from contrast medium
infusion increased uptake can be noted in the right trochanteric and periacetabular
centesis with analysis of synovial fluid
regions. These findings indicated a possible PJI.
including total cell count and differential leucocyte count and cultures for
including serological, radiographic and microbiologiaerobic and anaerobic organisms. This procedure has
cal tests. Unfortunately, the management of PJI often
shown sufficient sensitivity and specificity in multiple
necessitates surgical intervention and prolonged courstudies (11-14, 16, 19, 21-23).
ses of intravenous and oral antimicrobial therapy. The
Intraoperative testing was not considered mandatory
authors’ standard treatment of a PJI includes implant
by the current authors, but we recognize the validity of
removal, positioning of an antibiotic-loaded cement
intraoperative frozen-section testing, with a positive
spacer, and secondary revision surgery (Fig. 3).
result in the case of five or more WBC counts per high
Despite a significant amount of basic and clinical
power field (HPF), positive intraoperative cell count,
research, an optimal diagnostic pathway for these
and differential leucocyte count (20, 24-26).
implant-related infections has yet to be determined.
The diagnosis of PJI has recently reached new mileThe primary aim of this study was to provide orthostones. The use of intraoperative or perioperative polypedic surgeons with practical guidelines that address
merase chain reaction (PCR) hybridization (27), also
in conjunction with implant sonication (28), is shothe current controversies in the diagnosis of PJI; these
wing good correlation with infection severity. There is
guidelines are aimed specifically at surgeons working
also substantial evidence on the existence of an innate
in medical institutions that do not have a complete
immune response to pathogens. Microarray technimultidisciplinary support group [e.g., infectious diseaques have demonstrated an unique gene expression
se specialists, general internists, pathologists for
signature exhibited by synovial fluid WBCs from
intraoperative analysis of frozen sections (20), and
infected joints (29). This unique response to infection
fluid biomarker analysts].
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Fig. 3. A forty-nine-year-old male with a painful right total hip arthroplasty at 8 years of follow-up. A: Radiographic evaluation shows loosening of the femoral component and an osteolytic lesion in the
periacetabular region. B: Postoperative right hip AP x-ray. An antibiotic spacer is in place. C: The antibiotic spacer has been removed
and a revision implant has been positioned.
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was also confirmed at the level of the proteome, with
several biomarkers (i.e. IL-6, IL-8, IL-10, IL-17,
Lactoferrin, etc.) found to diagnostically outperform
the currently available tests for PJI (30, 31).
In conclusion, our study showed that the diagnosis of
PJI requires the application of a multimodal diagnostic protocol in order to avoid complications related to
surgical revision of a misdiagnosed “silent” PJI.
The authors suggest a stepwise diagnostic algorithm,
which is designed to be applied in institutions not specifically dedicated to joint surgery: it includes the
minimal steps necessary for the diagnosis of PJI.
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