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Abstract—Periprosthetic joint infection (PJI) is 
one of the complicated issues of total joint 
arthroplasty with frequent hospital visits and long 
term management. Misdiagnosis of this issue will 
lead to infections, disability and even impaired 
life. The successful treatment of the underlying 
infection while preserving joint function, PJI 
management must contain effective patient-
adapted diagnosis and treatment based on the 
algorithm and interdisciplinary collaboration. The 
cornerstone of optimal surgical treatment is a 
precise debridement with the removal of all 
devitalized material and foreign bodies that 
contain mature biofilm (> 4 weeks).  There is a 
need for research and development of new 
diagnostic methods with more accuracy and 
simplicity. 
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Introduction  
Periprosthetic joint infection (PJI) is among the most 
challenging complications of total joint arthroplasty. 
Patients who undergo revision for infection require 
more hospital visits and longer lengths of stay and 
incur higher hospital costs compared to revisions for 
aseptic loosening [1]. PJI occurs in 1% to 2% of 
primary and in 4% of revision arthroplasties [2-4]. Due 
to higher life expectancy, lifestyle changes in 
increasingly elderly populations and more 
expectations for mobility in older age, the number of 
implanted prosthetic joints continues to rise [3]. With a 
steadily increasing number of implantations, the 
number of PJI cases also rises continuously. Longer 
prosthesis indwelling time is associated with a higher 
cumulative risk for hematogenous infections during 
the entire implant lifetime. The development of 
modern detection methods for microbial biofilms helps 
to recognize even chronic infections that would 
previously have been missed [5]. 
Management of PJI requires sophisticated treatment 
strategies, including multiple surgical revisions and 
long-term antimicrobial treatment. Accurate diagnosis 

with identification of the infecting micro-organism(s) 
and its antimicrobial susceptibility is essential for 
choosing the most appropriate treatment strategy to 
eradicate the infection. When missed or undertreated, 
PJI leads to the persistence of infection and multiple 
surgical revisions causing poor function or disability, 
considerably impairing quality of life [4]. For the 
doctor, the treatment and diagnosis of PJI is still 
tricky. The implant is after al a foreign body that 
increases the pathogenicity of bacteria, and the 
appearance of biofilm makes the diagnosis and 
treatment complex and challenging [6]. Therefore, a 
suitable management protocol of PJI should be 
established promptly to take preventive measures and 
diagnosis to avoid high rates of bacterial resistance 
and select suitable antibiotics combined with 
adequate operation procedures. Ultimately, it 
achieves eradicating infection, preserving joint 
function without any pain. In this review article, we 
discuss an outlook on the PJI, including epidemiology, 
pathogenesis, classification and treatment focusing on 
the surgical treatment of PJI. 
 
Epidemiology 
Arthroplasty is a widespread procedure that is cost-
effective, helps the patients get rid of the symptoms, 
recover functions and enhance the quality of life, 
especially in the elderly population [3, 7]. With the 
addendum of the joint prosthetic replacements, it 
increases the volume of postoperative complications. 
The infection rate after shoulder or hip replacement is 
usually less than 1%, while knee replacement is less 
than 2%, more that elbow replacement which is 
between 1.9% and 10.3%. The reason for the higher 
incidence in elbow region, that may be related to the 
more frequent trauma, rheumatic disorder, or multiple 
reconstructive procedures compared to hip and knee 
surgery [4, 8]. 
PJI also increases the medical costs, which can be as 
24 times higher than without PJI [9], the high cost of 
PJI is generated by prolonged hospitalization, multiple 
surgeries and prostheses, and medical supplies [10]. 
Staphylococcus aureus and Coagulase-negative 
staphylococci are the most common microorganisms 
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in hip and knee PJI [11]. Furthermore, there some 
pathogenic bacteria that depend on different body 
regions like Propionibacterium acnes after shoulder 
replacement and gram-negative bacteria after hip 
arthroplasty [12]. 
 
 
Pathogenesis and Classification 
Around two-thirds of PJI cases are caused through 
intra-operative inoculation of micro-organisms [4]. 
Depending on microbial virulence, PJI can manifest 
either early (within the first four weeks after 
implantation) or with a delay (typically between three 
months and three years). Early infections manifest 
with clear local and systemic signs of inflammation 
and are predominantly caused by high-virulent 
pathogens (e.g. Staphylococcus aureus, streptococci, 
enterococci). Delayed infections present with more 
subtle symptoms such as joint pain and early 
loosening and are caused by low-virulent organisms 

(e.g. coagulase-negative staphylococci or 
Cutibacterium species) [4]. 
All prosthetic joints remain susceptible to 
hematogenous seeding from a distant primary focus 
during their entire indwelling time. High vascularity of 
periprosthetic tissue exposes the prosthesis to the 
highest risk of hematogenous infection in the first 
years after implantation. Typically, patients present 
with acute onset of clinical symptoms after a painless 
post-operative period [13]. The risk after bacteremia 
with S. aureus is reported by up to 34% [14]. The 
search for and the elimination of the primary focus is 
necessary for preventing infection relapse. 
Direct spread of infection (‘per continuities’) occurs 
either through direct contact between the prosthesis 
and the outer world (open periprosthetic fracture) or 
as a spread from a nearby infectious focus (soft tissue 
infection, osteomyelitis). Table 1 illustrates the 
classification of PJI into an acute and chronic 
infection. 
 

Table 1: Classification of PJI into an acute and chronic infection 

Type of PJI Acute PJI Chronic PJI 

Pathogenesis 

Perioperative origin 
Early postoperative 

Delayed postoperative (low-
grade) 

<4 weeks after surgery ≥4 weeks after surgery 

Hematogenous origin <3 weeks of symptoms ≥3 weeks of symptoms 

Biofilm age (maturity) Immature Mature 

Clinical features Acute joint pain, fever, red/swollen joint 
Chronic pain, loosening of the 
prosthesis, sinus tract (fistula) 

Causative microorganism 

High-virulent: Staphylococcus aureus, gram-
negative bacteria 

(e.g. Escherichia coli, Klebsiella spp., Pseudomonas 
aeruginosa) 

Low-virulent: Coagulase-
negative staphylococci 
(e.g. Staphylococcus 

epidermidis), Propionibacterium 
acnes 

Surgical treatment 
Debridement & retention of the prosthesis (change 

of mobile parts) 

Complete removal of the 
prosthesis (exchange in one-, 

two-, or multiple stages) 

 
Treatment 
The management of PJI includes surgical treatment based on PJI classification as well as recommendations for 
empirical and targeted antimicrobial therapy for various surgical strategies and  
causative micro-organisms (Fig. 1) [4, 15]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.jmhsci.org/


British Journal of Medical & Health Sciences (BJMHS) 

 

Vol. 3 Issue 2, February - 2021 

www.jmhsci.org 

BJMHS450267 816 

Fig. 1 Treatment algorithm for PJI 

 
 

Adapted from the Pocket Guide to Diagnosis & Treatment of PJI, PRO-IMPLANT Foundation (version 9) [16] 
An appropriate operation combining with an antimicrobial concept is required for successful treatment. However, in 
this review, we will focus on the surgical part of the treatment. 
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Surgical Therapy 

Fig. 2 Surgical treatment of PJI 

 
Primary surgical strategy for the treatment of PJI 
includes debridement and implant retention, one-
stage implant replacement or two-stage implant 
replacement (Fig. 2). 
 
Debridement with retention 
The principles of debridement for infected arthroplasty 
are to prohibit antibiotics and to aspirate the joint to 
identify organisms before surgery. The surgical 
procedure involves removal of skin margins, excision 
of any sinuses, radical synovectomy and exchange of 
removable. A suction drain should be left in situ until 
there is minimal output. If drainage persists or if the 
infection fails to settle, then consideration must be 
given to a further debridement procedure. Continuous 
closed irrigation has not proven to be any more 
effective than standard procedure with primary closure 
and in situ drain [17]. Early studies of debridement 
combining with retention strategies to treat prosthetic 
joint infection have high failure rates [18], 
nevertheless, in certain conditions, it can have a 
success rate higher than 80%, these conditions are 
[19]: (1) the prosthesis is stable; (2) there is no sinus 
tract or compromised soft tissue; (3) a pathogen with 
susceptibility to antimicrobial agents is active against 
surface-adhering microorganisms; (4) symptom 
duration of infection is less than three weeks. A recent 
study of Tschudin-Sutter, 2016) assessing the long-
term outcome of treatment for orthopedic device-
related infection (ODRI) with retention reported that 
90% of orthopedic device-related infections were 

successfully cured with surgical debridement and 
implant-retention in addition to long-term antimicrobial 
therapy according to a predefined treatment algorithm 
if patients fulfilled strict selection criteria and there 
was susceptibility to rifampin for Gram-positive 
pathogens and ciprofloxacin for Gram-negative 
pathogens [20]. 
 
 
One-stage implant replacement 
Single-stage exchange arthroplasty for periprosthetic 
joint infection goes against traditional dogma, as 
standard treatment has been based on a staged 
surgical technique in order to assure infection 
eradication prior to implantation of a new prosthesis. 
One-stage exchange is appropriate for patients who 
have good bone conditions and soft tissue without 
sinus tract, as well as known bacteria with no difficult-
to-treat (DTT) infections caused by pathogens 
resistant to biofilm-active antimicrobials [19]. The two-
staged approach has become the method of choice 
for most surgeons worldwide, with reported re-
infection in between 9% and 20% of cases [21, 22]. 
Besides the apparent benefit by eliminating a second 
major operation, further significant advantage arises 
from the reduced duration of post-operative systemic 
antibiotics, which rarely prolongs more than 14 days 
[23]. The rationale for this has also been evaluated in 
a study by Hoad-Reddick et al., [24] where the 
authors concluded that a prolonged course of 
antibiotics does not seem to alter the incidence of 
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recurrent or persistent infection, even after a two-
staged revision. The success rate of one-stage 
exchange could reach 100%, suggesting that one-
stage exchange is a safe procedure, even without 
local antibiotic treatment, provided that the patient has 
no sinus tract or severe soft tissue damage, no major 
bone grafting is required. The microorganism is 
susceptible to orally administered agents with high 
bioavailability [25]. In another study, the success rate 
of one-stage replacement is from 85% to 90% over 35 
years [23]. The one-stage implant replacement is an 
effective surgery with a high success rate, earlier 
mobility, a shorter period of hospitalization and more 
cost effective than two-stage exchange. 
 
 
Two-stage implant replacement 
Two-stage revision arthroplasty is the gold-standard 
treatment for PJI. The first stage involves the removal 
of all components, cement, and compromised soft 
tissues with the placement of an antibiotic-
impregnated spacer. Spacer options include both 
mobile and static spacers. Mobile spacers offer 
maintenance of ambulation and joint range of motion 
between staged procedures and have shown to be as 
effective in eradicating infection as static spacers [26]. 
The process of short interval (2–4 weeks) is 
convenient for patients who have known and easily 
treatable organism, compromised soft tissue or sinus 
tract. The approach of a long interval (8 weeks) is 
suitable for the organism, which is unknown or DTT 
and strongly compromised soft tissue [27]. The 
success rate was reported in 1995 by reviewing 25 
studies showing an 82% success rate of two-stage 
revision compared to 58% with one-stage revision 
(Garvin & Hanssen, 1995). Numerous studies have 
reported that two-stage revision with the use of 
antibiotic spacers can result in infection eradication 
rates as high as 90:95% [4, 28, 29]. Reinfection must 
be considered, in one-stage studies, the rate (95% 
confidence intervals) of re-infection was 8.2% (6.0–
10.8). The corresponding re-infection rate after the 
two-stage revision was 7.9% (6.2–9.7). Re-infection 
rates remained generally similar when grouped by 
several studies and population-level characteristics 
[30]. In case there are more than three morbidities 
and a high ESR or CRP before reimplantation, the risk 
of reinfection is high [31]. 
 
 
Antimicrobial Therapy 
Antimicrobial therapy is recommended for 12 weeks 
after the surgical procedure. Starting empirical, broad-
spectrum antimicrobial treatment only after the 
reduction of bacterial load by surgical debridement 
and the initial intravenous application improve the 
treatment effectivity and reduce the development of 
antimicrobial resistance. De-escalation to targeted 
therapy should follow as soon as the causative agent 
is identified. Switch to oral treatment may be 
performed 14 days after surgery if an oral substance 
with good bone penetration is available, wounds are 

dry, local conditions satisfactory, and systemic 
inflammatory markers (e.g. CRP) have returned to 
normal or almost normal values. For streptococci, 
potentially longer intravenous therapy is necessary 
(typically three to four weeks), as oral amoxicillin may 
not reach sufficient tissue concentrations. 
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