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 � Essential treatment methods for infected knee arthroplasty 
involve DAIR (debridement, antibiotics, and implant reten-
tion), and one and two-stage exchange arthroplasty.

 � Aggressive debridement with the removal of all avascular 
tissues and foreign materials that contain biofilm is man-
datory for all surgical treatment modalities.

 � DAIR is a viable option with an acceptable success rate 
and can be used as a first surgical procedure for patients 
who have a well-fixed, functioning prosthesis without a 
sinus tract for acute-early or late-hematogenous acute 
infections with no more than four weeks (most favourable 
being < seven days) of symptoms. Surgeons must focus 
on the isolation of the causative organism with sensitivi-
ties to bactericidal treatment as using one-stage exchange.

 � One-stage exchange is indicated when the patients have:

1. minimal bone loss/soft tissue defect allowing primary 
wound closure,

2. easy to treat micro-organisms,
3. absence of systemic sepsis and
4. absence of extensive comorbidities.

 � There are no validated serum or synovial biomarkers to 
determine optimal timing of re-implantation for two-stage 
exchange.

 � Antibiotic-free waiting intervals and joint aspiration before 
the second stage are no longer recommended. The deci-
sion to perform aspiration should be made based on the 
index of suspicion for persistent infection.

 � Re-implantation can be performed when the treating med-
ical team feels that the clinical signs of infection are under 
control and serological tests are trending downwards.
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One of the most challenging complications leading to 
significant morbidity after total knee arthroplasty (TKA) is 

periprosthetic joint infection (PJI), with an infection rate 
of up to 2% after primary TKA and almost 10% for revi-
sion TKA.1–4 Depending on the time from implantation 
to infection, current guidelines have classified the infec-
tion as acute-early, delayed-chronic, late-haematogenous 
acute, and late-chronic PJI (Table 1).5 The management 
of PJI includes different surgical strategies and targeted 
antimicrobial therapies based on this PJI classification 
(Fig. 1).6–8 Early PJI occurs within three to 12 weeks after 
index surgery, or in the case of late-haematogenous infec-
tion, within 10 days to three weeks of the development 
of symptoms. Late PJI is defined as PJI that develops after 
12 months following the index surgery. The primary time 
distinction between early and late PJI is based on the 
assumed time of biofilm formation on the surface of the 
components, generally thought to be three to four weeks 
postoperatively. However, biofilm formation can occur at 
any time from a few hours to a few days.9,10 Future classi-
fications or grading systems will address the more precise 
timing of formation of the biofilm for the early treatment 
of PJI. Current treatment methods should consider the 
timing of PJI, systemic and local factors, and the immune 
status of the patient.11

The International Consensus Meeting (ICM-2018) has 
proposed a new validated, evidence-based scoring system 
for the definition of PJI.12 However, there is no clear vali-
dated distinction from the current surgical treatment meth-
ods for PJI, with several different surgical methods being 
applied (Fig. 2). These include debridement, antibiotics and 
implant retention (DAIR), one or two-stage exchange 
arthroplasty procedure or, when these treatments are inad-
equate, salvage procedures such as resection arthroplasty, 
arthrodesis, and above-knee amputation.1

Debridement, antibiotics and implant 
retention (DAIR)
Debridement, antibiotics and implant retention is a less 
disruptive surgical method in early postoperative infec-
tions of less than four weeks or acute haematogenous 
infections with a duration of symptoms of less than three 
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weeks. Some authors suggest that an acute haematoge-
nous infection should be treated within one week to 10 
days from the first clinical presentation for DAIR treat-
ment.13 DAIR seeks to preserve a stable implant in a func-
tional patient.13 The success rates vary among different 
studies, ranging from 16% to 82%.14–16

The concern that a failed DAIR undermines the future 
success of staged procedures is still controversial. There 
are few reports as to whether a failed DAIR leads to a higher 
risk of treatment failure with staged revision.17–20 However, 
in a recent multicentre retrospective study that contai-
ned a subgroup analysis based on the type of infection, 

Table 1. Classification of periprosthetic joint infection according to time from implantation to infection, possible clinical presentation with likely mecha-
nism of infection.5

Time to infection Time of presentation Mechanism of infection Organism Clinical presentation

Early < 3 months Intraoperative contamination Virulent bacteria
(i.e. S. aureus)

Acute Sudden onset
 erythema,
 oedema,
 warmth, and
 tenderness

Delayed 3–12 months Intraoperative contamination Low-virulence bacteria
(coagulase-negative staphylococci)

Chronic Joint pain and
 stiffness

Late > 12 months Haematogenous seeding Virulent bacteria
(i.e. S. aureus)

Acute Sudden onset
 erythema,
 oedema,
 warmth, and
 tenderness

 Intraoperative contamination Low-virulent bacteria
(i.e. Cutibacterium acnes)

Chronic Joint pain,
 sinus tract

Acute PJI Chronic PJI

Prosthesis exchange
No

TREATMENT ALGORITHM

- Good bone/soft tissue?
- Stable prosthesis?
- Not DTT (if known)?

Debridement &
retention, exchange of

mobile parts

DTT = difficult-to-treat infections caused by pathogens
resistant to biofilm-active antimicrobials:
- Rifampin-resistant staphylococci
- Ciprofloxacin-resistant gram-negative bacteria
- Fungi (Candida)

1 Clinical signs of infection, elevated CRP, intra-operative pus, compromised tissue

One-stage exchange Two-stage
exchange

Three-stage
exchange

Eradication of infection
not achieved?

Long-term suppressive
antibiotic therapy

No

Yes
- DTT (if known)?
- Bad bone/soft tissue?
- Fistula?
- Multiple revisions? 

Short interval
(2-3 weeks)

Long interval
(6-8 weeks)

- DTT (if known)?
- Bad bone/soft
  tissue?

No Yes

Yes

Unsatisfactory
course?1

Fig. 1 Treatment algorithm for PJI.

Source: Reprinted Pocket Guide to Diagnosis & Treatment of PJI (version 9, October 2019) with permission of the PRO-IMPLANT Foundation (www.pro-implant-
foundation.org).
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previously failed DAIR (F-DAIR) did not compromise the 
success rate of a subsequent staged revision, and overall 
success rate showed no statistically significant differ-
ence with a staged-only group (72% F-DAIR vs. 81% 
staged-only group).21

There are no specific contra-indications to using DAIR 
intervention, except that chronic PJIs should be consid-
ered an absolute contraindication. The success rate of 
DAIR is only 50% in chronic infections, and methicillin-
resistant staphylococcal infection leads to a higher risk of 
failure when the duration of symptoms is up to four 
weeks.22–24 Contra-indications to performing a DAIR pro-
cedure in acute PJI are also controversial. Several factors 
have been associated with the success or failure of DAIR 
in acute PJI. The results of DAIR are highly dependent on 
the preoperative isolation of bacterial micro-organisms 
and antibiotic-sensitive cultures. Most of the factors that 
affect the results of DAIR, such as host and implant fac-
tors, intraoperative variables, and antibiotic sensitivity of 
the causative organism have been evaluated in retro-
spective studies.16,25,26 A preoperative risk scoring system 
has been developed to predict failure following DAIR, 
using early-acute kidney failure, liver cirrhosis, index sur-
gery, cemented prosthesis, and C-reactive protein values 
(KLIC score) and acute haematogenous PJIs (CRIME80 
score) (Fig. 3). This clinical score should be considered 
before planning the DAIR intervention.27,28

Aggressive debridement and exchange of the mobile 
parts should be performed in this method. Unchanged 
mobile parts during DAIR have been associated with high 
failure rates.16,29,30 The International Consensus Group sug-
gested that the irrigation and debridement protocol31 
should include aggressive intraarticular methylene blue-
guided debridement, followed by the removal of the 
infected and non-bleeding bones and soft tissues. Increased 
vascular circulation improves the immune system and incr-
eases antibiotic penetration into periarticular tissues.32,33 
The literature shows that about nine litres of irrigation solu-
tion should be used during debridement.34 This volume 
may be increased depending on the size of the surgical site 
and the severity of the infection. The washing pressure, 
however, is a controversial issue. Some authors support the 
low-pressure (< 15 pounds per square inch) lavage tech-
nique, while others advocate the high-pressure method  
(> 45 pounds per square inch).1,34,35 High-pressure lavage 
may remove the infected and necrotic tissues, but deep tis-
sues can be contaminated, too.

Following irrigation and debridement, combined intra-
venous antibiotic treatment should be ordered for the 
patient at the first step. The antibiotic treatment should 
last four to six weeks after the surgical procedure, and 
oral rifampicin treatment is recommended for up to six 
months.1,6,36 Some authors have suggested antibiotic 
treatment for one year after DAIR. However, the long-term 
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Exchange of
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SURGICAL PROCEDURES

Type of surgery Intervention Antibiotics (total 12 weeks) Legend

One-stage exchange

Two-stage exchange
(short interval)

Two-stage exchange
(long interval)

Three-stage exchange

Debridement

i.v. antibiotics without
antibiofilm activity

p.o. antibiotics
without antibiofilm
activity

p.o. antibiotics with
antibiofilm activity
(if available)

Exchange
of prosthesis/spacer

Ex- and reimplantation
of prosthesis

Fig. 2 Overview of the surgical strategies with possible scenarios.

Source: Reprinted Pocket Guide to Diagnosis & Treatment of PJI (version 9, October 2019) with permission of the PRO-IMPLANT Foundation (www.pro-implant-
foundation.org).
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antibiotic treatment suppresses but does not eradicate the 
infection with a higher re-infection rate.37 The efficiency of 
antibiotic-loaded polymethylmethacrylate (PMMA) beads 
and other non-biological or bio-absorbable antibiotic car-
riers (e.g. calcium sulphate beads or resorbable gen-
tamicin-loaded sponges) have not yet been validated for 
use during DAIR. One recent article reported that the use 
of antibiotic-impregnated (DAPRI) calcium sulphate beads 
in addition to the DAIR procedure might lead to an 
increase in the overall success rate in implant-retention 
revision surgery.13 Selecting the best surgical technique 
and antibiotic is mandatory for satisfactory results in DAIR.

Exchange arthroplasty
One-stage exchange arthroplasty

Since the early introduction of one-stage exchange arthro-
plasty for PJI, this intervention has increased in popularity 
among selected patients. The procedure has multiple 
advantages, such as less morbidity and better functional 
outcomes, reduced length of stay, and less overall cost as 
reported by several prognostic and observational stud-
ies.38–41 There is no evidence-based superiority of the 
two-stage revision over one-stage revision arthroplasty 
for the eradication of acute PJI. The reported success rate 
of one-stage exchange arthroplasty has ranged bet-
ween 75% and 95%.39,40,42 The high success rate of the 
one-stage procedure is strongly associated with patient 
selection criteria and specific operative planning protocols. 

Preoperative identification of the causative micro-organisms 
is mandatory in one-stage exchange since polymicrobial 
infections and atypical and gram-negative organisms 
have been associated with a higher failure rate. In their 
literature review in 2000, Jackson and Schmalzried con-
cluded that the presence of an infection with resistant 
micro-organisms such as methicillin-resistant Staphylo-
coccus aureus (MRSA) / methicillin-resistant Sta phylo-
coccus epidermidis (MRSE) were associated with a high 
failure rate.43 On the other hand, a reported long-term 
experience from the HELIOS ENDO-Klinik (Hamburg,  
Germany) does not accept resistant micro-organisms  
as absolute contra-indications to the performance of  
one-stage surgery.44 According to the ICM-2018, one-
stage exchange arthroplasty may not be a good option 
for patients with signs of systemic sepsis, extensive com-
orbidities, infection with resistant organisms (difficult- 
to-treat micro-organisms [DTT]), culture-negative infec-
tion and poor soft tissue coverage.45

Indications for one-stage revision arthroplasty

a) Host/local
 • Non-immunocompromised host
 • Absence of systemic sepsis
 • Minimal bone loss/soft tissue defect allowing 

for primary wound closure
b) Microbiology

 • Isolation of the pathogen
 • Known sensitivities to bactericidal treatment
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Fig. 3 (A) KLIC and (B) CRIME80 preoperative risk scores should be used to predict failure following DAIR.27,28

Note. DAIR, debridement, antibiotics, and implant retention.
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Relative contra-indications to one-stage revision arthroplasty

 • Severe damage of soft tissues where direct closure of 
the joint and the wound is not possible, and/or a com-
plicated sinus tract, which cannot be excised along 
with the old scar.

 • Culture-negative PJI, where the causative organism 
and its susceptibility are unknown.

 • Radical debridement of the infected soft tissue or bone 
is not possible (due to any reason).

 • Local antimicrobial treatment is not possible (due to 
any reason).

 • Lack of proper bone stock for the fixation of the new 
implant.

Surgical technique

In this technique, extensive debridement is mandatory as 
a first step and the surgeon should achieve free bleeding 
in the periarticular soft and bone tissues. All membranes 
and well-fixed cement particles must be removed, espe-
cially from the posterior capsule. Extensive debridement 
of the bone and posterior soft tissues must be as radical as 
possible, including all areas of osteolysis and the necrotic 
bone. During the removal of well-fixed cement and com-
ponents, some specific surgical tools such as high-speed 
burrs, curved saw blades, curved chisels, long rongeurs, 
curetting instruments, long drills, cement taps and a Gigli 
saw might be needed to protect the bone and the liga-
ments. Numerous samples must be taken for microbio-
logic evaluation from all periarticular areas, especially 
from the tibial and femoral intramedullary canals and the 
posterior capsule. Pulsatile lavage throughout the proce-
dure is recommended, but there is no description of its 
specific benefit in the literature.35 After the irrigation, 
gauze pads with antiseptic solutions (povidone-iodine, 
chlorhexidine, etc.) are packed into the intramedullary 
area and all around the joint. The wound edges are 
approximated with a few sutures. During a 30-minute 
waiting period, the operating team changes their scrub 
suits and a new set of instruments is used for the second 
step of the one-stage procedure.46,47 Using antibiotic-
loaded cement for re-implantation as well as specific post-
operative antibiotic regimes are essential for success.41 In 
selected patients, improved results for one-stage revision 
were reported in a recent systemic review.48

Two recent meta-analyses, which compared the out-
comes of one-stage versus two-stage exchange arthroplasty 
in patients who developed PJI after TKA, demonstrated sta-
tistically equivalent re-infection rates for both protocols.49

Two-stage arthroplasty

The two-stage technique has been the gold standard for 
PJI. As the name suggests, the technique has two stages; 
the first stage includes the removal of all components and 

cement, and extensive debridement of the bone and peri-
articular soft tissues. There is no standard data that can 
guide surgeons to determine the optimal time for re-
implantation after explant. Surgeons prefer to follow up 
clinical evidence of the infection and normalization of the 
laboratory test results after an antibiotics period of appro-
priate length. There is no gold standard for the serum and 
synovial markers tests to define the optimal timing for 
re-implantation.

Serum erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP) have been widely used for diag-
nosis, monitoring the treatment and evaluating their role 
in identifying the optimal timing of reimplantation.50–54 
However, ESR and CRP levels can still be elevated in 
patients who have been treated or can be normal in cases 
of a persistent infection. In different studies, no cut-off 
values could be determined and there were no significant 
differences between infected and non-infected cases in 
terms of average ESR and/or CRP values at the time of  
re-implantation.51–55 The serum D-dimer test has been 
recently studied amongst other biomarkers. According to 
one study, D-dimer outperforms ESR and CRP in determin-
ing the time of re-implantation; thus it may be more widely 
used to identify the optimal time for re-implantation.56

Synovial fluid aspiration and analyses for cell count, cul-
ture and biomarkers before re-implantation are widely used 
to determine the optimal time for re-implantation and to 
detect persistent infection.57,58 Zmistowski et al reported 
elevated synovial fluid white blood cell (WBC) counts and 
that polymorphonuclear leukocyte (PML) percentage could 
be used to diagnose persistent infection, but did not give a 
cut-off value to determine re-implantation time.59 The sen-
sitivity of the microbiological culture of the joint aspirate is 
very low according to the literature and could also be mis-
leading due to false-positive cultures.60,61 Leukocyte ester-
ase (LE) tests have demonstrated high specificity (100%), 
but low sensitivity (25%) in identifying persistent infec-
tion.62 A positive LE result can show a high association with 
failure of re-implantation.63 IL-6 and IL-1β showed the most 
significant decrease between stages, but due to the low 
sensitivity of these tests, they cannot be used widely in 
determining the optimal re-implantation time.

The efficacy of the Musculoskeletal Infection Society 
(MSIS) criteria in determining infection resolution in PJI 
has also been evaluated. Despite the clinical importance 
of these criteria, the lack of sensitivity of these tests does 
not make them useful in diagnosing persistent infec-
tion.62–64 Intraoperative frozen sections can be used to 
diagnose persistent infection, but there is still controversy 
about the optimal diagnostic cut-off value (number of 
polymorphonuclear leukocytes (PMNs) per high-power 
field). Della Valle et al showed 25% sensitivity in their 
results, whereas George et al increased the performance 
of the frozen section up to 50% sensitivity.64,65
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At the second stage, aggressive debridement is recom-
mended, and many samples are mandatory for microbio-
logical evaluation.66 Following extensive debridement and 
removal of the spacer, the next step is the preparation of 
the tibia and the femur. There is no consensus about stem 
fixation. Some authors have employed antibiotic-loaded 
cemented stems in the medullary canals for both the tibia 
and the femur, thus facilitating an effective antibiotic level 
in the medullary canals.66,67 Other authors have advocated 
that uncemented stems provide correct alignment, and 
easy removal of the component if re-infection is detected.39 
Hybrid techniques have also been described; stems are 
applied uncemented and cemented to the lower surface of 
the components at the metaphysis.67,68 There are no sig-
nificant differences in terms of re-infection rates among 
these fixation techniques in comparative studies.39,67–71

No validated metrics allow for the determination of the 
optimal timing of re-implantation. Thus, the timing of re-
implantation should take into account the resolution of the 

clinical signs of the infection, the downtrend in serological 
markers, and, if aspiration is performed, the results of syno-
vial analysis. There is no certain timing for the interval 
between the two stages, but generally, it takes from three 
to four weeks to 12 weeks between the first and the second 
stages.66,72 According to local tissue conditions and to the 
time to recovery after the first stage, a short interval of two 
to four weeks can be set during the same hospitalization 
period, or if the culture identifies a DTT micro-organism in 
the first stage, a longer interval of four to six weeks is prefer-
able (Fig. 2). Longer time intervals of over eight weeks 
should be avoided as the antibiotic bone cement spacer 
loses its antibiotic concentration.73 Increased duration 
between resection and re-implantation was associated with 
a higher risk of re-infection after two-stage exchange treat-
ment of infected TKA.74,75 On the other hand, Aali Rezaie  
et al reported that the inter-stage interval was not a statisti-
cally significant predictor of failure in patients undergoing 
two-stage exchange arthroplasty (Fig. 4).76

Fig. 4 A 74-year-old female infected with a multi-drug-resistant organism (E.Coli and E.faecalis) after 13 years from index TKA. Handmade 
articulating antibiotic load spacer (6-gr teoicoplanin) was prepared with two-package gentamycin bone cement. Re-implantation was 
performed after 15 months. AP-lateral radiological view at the last follow-up showed no loosening after seven years. We observed high 
range of motion with hand made articulating spacer at the beginning of second stage revision arthroplasty.

Note. TKA, total knee arthroplasty; AP, anterior-posterior
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The choice of antibiotic will depend on various factors, 
such as the features of isolated pathogens, route of admin-
istration, and duration of treatment. Highly bio-available 
antibiotic regimes against pathogens are applied intrave-
nously or in oral form.77 Individual regimens should be 
planned in line with a discussion between orthopaedic 
surgeons, microbiologists and infectious disease special-
ists. Targeted antimicrobial therapy should be planned 
when the causative micro-organism has been identified. 
The most controversial issue is the duration of antibiotic 
treatment. Some authors have shown that using a shorter 
duration (three to six weeks) is adequate to prevent infec-
tion recurrence.77–79 Also, the use of broad-spectrum anti-
biotics is recommended in early PJI.80

In the staged interval, the aim is the maximal reduction 
(instead of eradication) of the causative organism and the 
treatment of the soft tissue and bone infection. Antibiotic 
treatment should be continued until the second stage. 
Antibiotic-free waiting intervals and joint aspiration before 
the second stage are no longer recommended. According 
to ICM-2018, there is no conclusive evidence to support 
the need for an antibiotic holiday before re-implantation 
or to determine its ideal length. After re-implantation, 
antibiotic treatment is continued for six weeks (with a 
total time of up to 12 weeks after explantation) (Fig. 2).73 
In some cases, long-term chronic suppressive antibiotic 
therapy may be needed, especially in multimorbid elderly 
patients in whom further surgical options are not possible 
due to medical or surgical reasons.

In the current literature, the two-stage technique for PJI 
management has been accepted as the gold standard, but 
there is no high level of evidence for proving its higher 
success rate than the single-stage revision.81

Spacers

The ideal spacer should contain sufficient pharmacoki-
netic and mechanical properties over a prolonged period 
of time in order to eradicate the isolated organism. In vitro 
analysis of the release of antibiotics from cement spacers 
has been well reported. The cement type, the addition  
of one or a combination of two or more antibiotics, the 
amount or ratio of the antibiotics, the duration of spacer 
implantation and the spacer geometry can affect the phar-
macokinetic properties of spacers and the amount of anti-
biotic release from spacer.82–84

In the majority of the studies that evaluated the antibiotic 
concentrations in the joint fluid, the local concentrations of 
aminoglycoside (either gentamicin or tobramycin) and van-
comycin between the first 24 postoperative hours and seven 
postoperative days after spacer implantation were meas-
ured. The local antibiotic elution showed a biphasic profile, 
initially showing high concentrations, which decreased over 
time. An impregnation dose of 3 g of vancomycin and 4 g of 

aztreonam which were incorporated into 40 g of cement, 
had the highest elution values.85 The same study reported 
large discrepancies for the measured concentration when a 
gentamicin–vancomycin combination was used.85 Anag-
nostakos et al determined the maximum concentrations of 
gentamicin and vancomycin, respectively, when 1 g of gen-
tamicin and 4 g of vancomycin (both powder) were impreg-
nated into 80 g of cement for spacer production.86 Hsieh et al 
reported that average local levels of gentamicin and of van-
comycin showed differences when liquid gentamicin was 
combined with vancomycin powder.87 Sufficient antibiotic 
elution can be achieved after spacer implantation and at 
spacer removal, but identification of the causative micro-
organisms and antibiotic sensitivity are required to increase 
the efficiency of local antibiotic therapy.

Different designs of spacers have been described in the 
literature. Functionally, spacers are divided into two main 
groups: dynamic and static. Usually, the spacers are made 
of bone cement loaded with antibiotics. The aim of using 
a spacer is to preserve ligament balancing and limb 
length. Different designs of articulating spacers have been 
described in the literature as well as generic spacers. Some 
authors have used the removed and autoclaved femoral 
component of the infected prosthesis along with a new 
inlay.88 Manually moulded or manufactured spacers can 
also be used (Fig. 5).89,90

Improved function and a higher range of motion (ROM) 
have been reported with the use of articulating spacers  
(Figure 4).91,92 On the other hand, some authors have 
reported no improvement in ROM.93 Successful rates of 
infection eradication were reported for both techniques, 
reaching up to 95%.69,93 However, articulating spacers may 
have some disadvantages. The lack of collateral ligaments 
(unstable joint) increases the risk of spacer dislocation and 
subsequent bone loss. On the other hand, surgeons may 
prefer to stabilize the joint with a non-articulating spacer for 
better and quicker healing of the wound after the first stage.

Spacer exchange (three-stage exchange)

Spacer exchange is an additional procedure, and it is 
termed as ‘three-stage exchange’.94 This procedure is per-
formed in cases of persistent infection, spacer fracture or 
dislocation. The technique provides the possibility for 
additional debridement and local antibiotic treatment 
via the new antibiotic-loaded spacer.95–97 On the other 
hand, this procedure delays the re-implantation time and 
increases the morbidities related to additional surgery. More 
likely, these patients have comorbidities such as obesity, 
rheumatoid diseases, malnutrition, diabetes, peripheral 
vascular diseases, and infection with resistant or polymi-
crobial organisms.98,99 Due to comorbidities, the success 
rate of spacer exchange is low, with a high failure rate of 
re-implantation.
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Salvage procedures

Arthrodesis: The most common indications for knee 
arthrodesis are persistent infection after repeating staged 
knee revisions, massive bone or soft tissue loss, and irrepa-
rable damage of the extensor mechanism.100,101 The main 
goal of knee arthrodesis in infected TKA is to provide pain 
relief and stability, especially in active young patients. Vari-
ous knee arthrodesis techniques using intramedullary 
nails, monoplaner or circular external fixators, screwed 
plates, and cannulated screws, have been described in the 
literature.102–105 Intramedullary nailing has achieved the 
best fusion rates of 88–100% amongst these techniques.106 

However, intramedullary nailing should only be used after 
the successful eradication of the infection.107 Monoplaner 
fixators in combination with radical debridement and local 
or systemic antibiotherapy achieved a fusion and infection 
eradication rate of 94%.102 Arthrodesis is an optimal treat-
ment method with acceptable pain relief and functionality 
for failed PJI patients.

Resection arthroplasty: Resection arthroplasty is a 
salvage procedure that involves the removal of all com-
ponents, debridement of the infected soft tissues and the 
bone without re-implantation of new components. The 
procedure has a very limited indication. It is more suitable 

Fig. 5 A 77-year-old female with chronic PJI. Causative organism: E.faecalis. Two-stage revision with handmade articulating spacer 
with 8-gr teikoplanin. After nine weeks re-implantation was performed. AP-lateral radiological view at the last follow-up showed no 
loosening with infection-free three years.

Note. PJI, periprosthetic joint infection; AP, anterior posterior



680

for low-demanded patients while providing well-sitting 
comfort than knee arthrodesis. Although successful 
results were reported in the eradication of infection, the 
resection arthroplasty had poor functional results due to 
pseudoarthrosis.108,109

Amputation: Knee arthrodesis or above-knee ampu-
tation (AKA) are the two main options to eradicate the 
infection when PJI becomes uncontrollable despite multi-
ple attempts at revision procedures. A greater percentage 
of patients in the AKA group were above the age of 80 
years compared with the arthrodesis group in the litera-
ture.110 Besides, comorbidities such as diabetes mellitus, 
congestive heart failure, coronary heart disease, chronic 
kidney disease, and chronic obstructive pulmonary dis-
ease are observed much more often in the AKA group 
compared with the arthrodesis group. Currently, patients 
with more comorbidities are preferred for AKA instead of 
arthrodesis in septic failure of TKA. However, it should be 
noted that a decrease in functional status after AKA is inev-
itable. Only half of the patients have achieved independ-
ent ambulation.110

Conclusions
Appropriate debridement with the removal of all avascular 
tissues and foreign materials that contain biofilm (> four 
weeks after operation) is mandatory for optimal surgical 
treatment. DAIR is a standard procedure with an accepta-
ble success rate in acute infection; surgeons should focus 
on the preoperative isolation of the causative organism like 
one-stage exchange. A complete exchange of the prosthe-
sis in one-stage arthroplasty for chronic infections is indi-
cated when the patients have minimal bone loss/soft tissue 
defect allowing primary wound closure and easy to treat 
micro-organisms. One-stage exchange is associated with 
lower morbidity and higher functional outcomes com-
pared with multiple-stage revisions. Currently, no study 
has shown which biomarkers need to be checked to decide 
the optimal timing for re-implantation during the course of 
a two-stage exchange for PJIs. Re-implantation can be per-
formed when the treating medical team feels that the 
infection is under control.

ICMJE ConflICt of IntErEst statEMEnt
IRT reports consultancy, payments for lectures including service on speakers’ bureaus, 
and royalties from Smith & Nephew outside the submitted work.
The other authors declare no conflict of interest relevant to this work.

fundIng statEMEnt
The author or one or more of the authors have received or will receive benefits for 
personal or professional use from a commercial party related directly or indirectly to 
the subject of this article.

lICEnCE
©2020 The author(s)
This article is distributed under the terms of the Creative Commons Attribution-Non 
Commercial 4.0 International (CC BY-NC 4.0) licence (https://creativecommons.org/
licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribu-
tion of the work without further permission provided the original work is attributed.

rEfErEnCEs

1. gehrke t, alijanipour P, Parvizi J. The management of an infected total knee 
arthroplasty. Bone Joint J 2015;97-B:20–29.

2. Bozic KJ, Kurtz sM, lau E, et al. The epidemiology of revision total knee 
arthroplasty in the United States. Clin Orthop Relat Res 2010;468:45–51.

3. Kurtz sM, lau E, schmier J, ong Kl, Zhao K, Parvizi J. Infection burden for hip 
and knee arthroplasty in the United States. J Arthroplasty 2008;23:984–991.

4. Kurtz sM, ong Kl, lau E, Bozic KJ, Berry d, Parvizi J. Prosthetic joint infection 
risk after TKA in the Medicare population. Clin Orthop Relat Res 2010;468:52–56.

5. gomez-urena Eo, tande aJ, osmon dr, Berbari Ef. Diagnosis of prosthetic 
joint infection: cultures, biomarker and criteria. Infect Dis Clin North Am 2017;31:219–235.

6. osmon dr, Berbari Ef, Berendt ar, et al; Infectious diseases society of 
america. Executive summary: diagnosis and management of prosthetic joint infection: 
clinical practice guidelines by the Infectious Diseases Society of America. Clin Infect Dis 
2013;56:1–10.

7. della Valle C, Parvizi J, Bauer tW, et al; american academy of 
orthopaedic surgeons. American Academy of Orthopaedic Surgeons’ clinical practice 
guideline on: the diagnosis of periprosthetic joint infections of the hip and knee. J Bone Joint 
Surg Am 2011;93:1355–1357.

8. Zmistowski B, della Valle C, Bauer tW, et al. Diagnosis of periprosthetic joint 
infection. J Orthop Res 2014;32:S98–S107.

9. donlan rM. Biofilms: microbial life on surfaces. Emerg Infect Dis 2002;8:881–890.

10. gbejuade Ho, lovering aM, Webb JC. The role of microbial biofilms in 
prosthetic joint infections. Acta Orthop 2015;86:147–158.

11. McPherson EJ, Woodson C, Holtom P, roidis n, shufelt C, Patzakis M. 
Periprosthetic total hip infection: outcomes using a staging system. Clin Orthop Relat Res 
2002;403:8–15.

12. Parvizi J, tan tl, goswami K, et al. The 2018 definition of periprosthetic 
hip and knee infection: an evidence-based and validated criteria. J Arthroplasty 2018;33: 
1309–1314 e1302.

13. Calanna f, Chen f, risitano s, et al. Debridement, antibiotic pearls, and 
retention of the implant (DAPRI): a modified technique for implant retention in total knee 
arthroplasty PJI treatment. J Orthop Surg (Hong Kong) 2019;27:2309499019874413.

autHor InforMatIon
Department of Orthopaedic Surgery and Traumatology, Acibadem Mehmet Ali 
Aydınlar University, School of Medicine, Acibadem Maslak Hospital, Sarıyer/
Istanbul, Turkey.

Correspondence should be sent to:  Goksel Dikmen, Acibadem Mehmet Ali 
Aydınlar University, School of Medicine, Acibadem Maslak Hospital, Buyukdere 
Cad. No.40, 34457 Sarıyer/Istanbul, Turkey. 
Email: goksel.dikmen@acibadem.edu.tr, gdkmen@yahoo.com



681

Trends in infecTed kne arThroplasTy

14. Bradbury t, fehring tK, taunton M, et al. The fate of acute methicillin-
resistant Staphylococcus aureus periprosthetic knee infections treated by open debridement 
and retention of components. J Arthroplasty 2009;24:101–104.

15. urish Kl, Bullock ag, Kreger aM, shah nB, Jeong K, rothenberger sd; 
Infected Implant Consortium. A multicenter study of irrigation and debridement in 
total knee arthroplasty periprosthetic joint infection: treatment failure is high. J Arthroplasty 
2018;33:1154–1159.

16. tsang sJ, ting J, simpson aHrW, gaston P. Outcomes following debridement, 
antibiotics and implant retention in the management of periprosthetic infections of the hip: 
a review of cohort studies. Bone Joint J 2017;99-B:1458–1466.

17. gardner J, gioe tJ, tatman P. Can this prosthesis be saved? Implant salvage 
attempts in infected primary TKA. Clin Orthop Relat Res 2011;469:970–976.

18. Brimmo o, ramanathan d, schiltz nK, Pillai al, Klika aK, Barsoum 
WK. Irrigation and debridement before a 2-stage revision total knee arthroplasty does not 
increase risk of failure. J Arthroplasty 2016;31:461–464.

19. nodzo sr, Boyle KK, nocon aa, Henry MW, Mayman dJ, Westrich gH. 
The influence of a failed irrigation and debridement on the outcomes of a subsequent 
2-stage revision knee arthroplasty. J Arthroplasty 2017;32:2508–2512.

20. rajgopal a, Panda I, rao a, dahiya V, gupta H. Does prior failed debridement 
compromise the outcome of subsequent two-stage revision done for periprosthetic joint 
infection following total knee arthroplasty? J Arthroplasty 2018;33:2588–2594.

21. Kim K, Zhu M, Cavadino a, et al. Failed debridement and implant retention 
does not compromise the success of subsequent staged revision in infected total knee 
arthroplasty. J Arthroplasty 2019;34:1214–1220.

22. Barberan J, aguilar l, Carroquino g, et al. Conservative treatment of 
staphylococcal prosthetic joint infections in elderly patients. Am J Med 2006;119:993.

23. Maillet M, Pavese P, Bruley d, seigneurin a, françois P. Is prosthesis 
retention effective for chronic infections in hip arthroplasties? A systematic literature review. 
Eur J Clin Microbiol Infect Dis 2015;34:1495–1502.

24. lora-tamayo J, Murillo o, Iribarren Ja, et al; rEIPI group for the 
study of Prosthetic Infection. A large multicenter study of methicillin-susceptible 
and methicillin-resistant Staphylococcus aureus prosthetic joint infections managed with 
implant retention. Clin Infect Dis 2013;56:182–194.

25. letouvet B, arvieux C, leroy H, et al. Predictors of failure for prosthetic joint 
infections treated with debridement. Med Mal Infect 2016;46:39–43.

26. grossi o, asseray n, Bourigault C, et al; nantes Bone and Joint 
Infections study group. Gram-negative prosthetic joint infections managed according 
to a multidisciplinary standardized approach: risk factors for failure and outcome with and 
without fluoroquinolones. J Antimicrob Chemother 2016;71:2593–2597.

27. löwik CaM, Jutte PC, tornero E, et al; northern Infection network Joint 
arthroplasty (nInJa). Predicting failure in early acute prosthetic joint infection treated 
with debridement, antibiotics, and implant retention: external validation of the KLIC score. 
J Arthroplasty 2018;33:2582–2587.

28. tornero E, Morata l, Martinez-Pastor JC, et al. KLIC-score for predicting 
early failure in prosthetic joint infections treated with debridement, implant retention and 
antibiotics. Clin Microbiol Infect 2015;21:786e9–786e17.

29. Zaruta da, Qiu B, liu aY, ricciardi Bf. Indications and guidelines for 
debridement and implant retention for periprosthetic hip and knee infection. Curr Rev 
Musculoskelet Med 2018;11:347–356.

30. Choi Hr, von Knoch f, Zurakowski d, nelson sB, Malchau H. Can 
implant retention be recommended for treatment of infected TKA? Clin Orthop Relat Res 
2011;469:961–969.

31. Haasper C, Buttaro M, Hozack W, et al. Irrigation and debridement. J Orthop 
Res 2014;32:S130–S135.

32. sherrell JC, fehring tK, odum s, et al; Periprosthetic Infection 
Consortium. The Chitranjan Ranawat Award: fate of two-stage reimplantation after 
failed irrigation and débridement for periprosthetic knee infection. Clin Orthop Relat Res 
2011;469:18–25.

33. Koyonos l, Zmistowski B, della Valle CJ, Parvizi J. Infection control rate 
of irrigation and débridement for periprosthetic joint infection. Clin Orthop Relat Res 
2011;469:3043–3048.

34. Jiranek Wa, Waligora aC, Hess sr, golladay gl. Surgical treatment of 
prosthetic joint infections of the hip and knee: changing paradigms? J Arthroplasty 
2015;30:912–918.

35. alijanipour P, Karam J, llinás a, et al. Operative environment. J Orthop Res 
2014;32:S60–S80.

36. romanò Cl, Manzi g, logoluso n, romanò d. Value of debridement and 
irrigation for the treatment of peri-prosthetic infections: a systematic review. Hip Int 
2012;22:S19–S24.

37. Byren I, Bejon P, atkins Bl, et al. One hundred and twelve infected arthroplasties 
treated with ‘DAIR’ (debridement, antibiotics and implant retention): antibiotic duration and 
outcome. J Antimicrob Chemother 2009;63:1264–1271.

38. Haddad fs, sukeik M, alazzawi s. Is single-stage revision according to a strict 
protocol effective in treatment of chronic knee arthroplasty infections? Clin Orthop Relat Res 
2015;473:8–14.

39. Haleem aa, Berry dJ, Hanssen ad. Mid-term to long-term followup of two-stage 
reimplantation for infected total knee arthroplasty. Clin Orthop Relat Res 2004;428:35–39.

40. Castellani l, daneman n, Mubareka s, Jenkinson r. Factors associated with 
choice and success of one- versus two-stage revision arthroplasty for infected hip and knee 
prostheses. HSS J 2017;13:224–231.

41. gehrke t, Zahar a, Kendoff d. One-stage exchange: it all began here. Bone Joint 
J 2013;95-B:77–83.

42. silva M, tharani r, schmalzried tP. Results of direct exchange or debridement 
of the infected total knee arthroplasty. Clin Orthop Relat Res 2002;404:125–131.

43. Jackson Wo, schmalzried tP. Limited role of direct exchange arthroplasty in the 
treatment of infected total hip replacements. Clin Orthop Relat Res 2000;381:101–105.

44. Zahar a, Kendoff do, Klatte to, gehrke ta. Can good infection control be 
obtained in one-stage exchange of the infected TKA to a rotating hinge design? 10-year 
results. Clin Orthop Relat Res 2016;474:81–87.

45. aalirezaie a, Bauer tW, fayaz H, et al. Hip and knee section, diagnosis, 
reimplantation: proceedings of international consensus on orthopedic infections. J Arthroplasty 
2019;34:S369–S379.

46. göksan sB, freeman Ma. One-stage reimplantation for infected total knee 
arthroplasty. J Bone Joint Surg Br 1992;74:78–82.

47. tibrewal s, Malagelada f, Jeyaseelan l, Posch f, scott g. Single-stage 
revision for the infected total knee replacement: results from a single centre. Bone Joint J 
2014;96-B:759–764.



682

48. nagra ns, Hamilton tW, ganatra s, Murray dW, Pandit H. One-stage 
versus two-stage exchange arthroplasty for infected total knee arthroplasty: a systematic 
review. Knee Surg Sports Traumatol Arthrosc 2016;24:3106–3114.

49. Kunutsor sK, Whitehouse Mr, lenguerrand E, et al. Re-infection outcomes 
following one- and two-stage surgical revision of infected knee prosthesis: a systematic 
review and meta-analysis. PLoS One 2016;11:e0151537.

50. ghanem E, azzam K, seeley M, Joshi a, Parvizi J. Staged revision for knee 
arthroplasty infection: what is the role of serologic tests before reimplantation? Clin Orthop 
Relat Res 2009;467:1699–1705.

51. Berbari E, Mabry t, tsaras g, et al. Inflammatory blood laboratory levels as 
markers of prosthetic joint infection: a systematic review and meta-analysis. J Bone Joint 
Surg Am 2010;92:2102–2109.

52. ghanem E, antoci V Jr, Pulido l, Joshi a, Hozack W, Parvizi J. The use of 
receiver operating characteristics analysis in determining erythrocyte sedimentation rate 
and C-reactive protein levels in diagnosing periprosthetic infection prior to revision total hip 
arthroplasty. Int J Infect Dis 2009;13:e444–e449.

53. Mortazavi sM, Vegari d, Ho a, Zmistowski B, Parvizi J. Two-stage exchange 
arthroplasty for infected total knee arthroplasty: predictors of failure. Clin Orthop Relat Res 
2011;469:3049–3054.

54. shukla sK, Ward JP, Jacofsky MC, sporer sM, Paprosky Wg, della Valle 
CJ. Perioperative testing for persistent sepsis following resection arthroplasty of the hip for 
periprosthetic infection. J Arthroplasty 2010;25:87–91.

55. Kusuma sK, Ward J, Jacofsky M, sporer sM, della Valle CJ. What is the role 
of serological testing between stages of two-stage reconstruction of the infected prosthetic 
knee? Clin Orthop Relat Res 2011;469:1002–1008.

56. shahi a, Kheir MM, tarabichi M, Hosseinzadeh Hrs, tan tl, Parvizi J. 
Serum D-dimer test is promising for the diagnosis of periprosthetic joint infection and timing 
of reimplantation. J Bone Joint Surg Am 2017;99:1419–1427.

57. Mühlhofer HMl, Knebel C, Pohlig f, et al. Synovial aspiration and serological 
testing in two-stage revision arthroplasty for prosthetic joint infection: evaluation before 
reconstruction with a mean follow-up of twenty seven months. Int Orthop 2018;42:265–271.

58. Hoell s, Moeller a, gosheger g, Hardes J, dieckmann r, schulz d. Two-
stage revision arthroplasty for periprosthetic joint infections: what is the value of cultures 
and white cell count in synovial fluid and CRP in serum before second stage reimplantation? 
Arch Orthop Trauma Surg 2016;136:447–452.

59. Zmistowski BM, Clyde Ct, ghanem Es, gotoff Jr, deirmengian Ca, 
Parvizi J. Utility of synovial white blood cell count and differential before reimplantation 
surgery. J Arthroplasty 2017;32:2820–2824.

60. newman JM, george J, Klika aK, et al. What is the diagnostic accuracy 
of aspirations performed on hips with antibiotic cement spacers? Clin Orthop Relat Res 
2017;475:204–211.

61. lonner JH, siliski JM, della Valle C, diCesare P, lotke Pa. Role of knee 
aspiration after resection of the infected total knee arthroplasty. Am J Orthop (Belle Mead 
NJ) 2001;30:305–309.

62. Kheir MM, ackerman Ct, tan tl, Benazzo a, tischler EH, Parvizi J. 
Leukocyte esterase strip test can predict subsequent failure following reimplantation in 
patients with periprosthetic joint infection. J Arthroplasty 2017;32:1976–1979.

63. frangiamore sJ, siqueira MB, saleh a, daly t, Higuera Ca, Barsoum WK. 
Synovial cytokines and the MSIS criteria are not useful for determining infection resolution 
after periprosthetic joint infection explantation. Clin Orthop Relat Res 2016;474:1630–1639.

64. george J, Kwiecien g, Klika aK, et al. Are frozen sections and MSIS criteria 
reliable at the time of reimplantation of two-stage revision arthroplasty? Clin Orthop Relat 
Res 2016;474:1619–1626.

65. della Valle CJ, Bogner E, desai P, et al. Analysis of frozen sections of 
intraoperative specimens obtained at the time of reoperation after hip or knee resection 
arthroplasty for the treatment of infection. J Bone Joint Surg Am 1999;81:684–689.

66. Parvizi J, della Valle CJ. AAOS clinical practice guideline: diagnosis and 
treatment of periprosthetic joint infections of the hip and knee. J Am Acad Orthop Surg 
2010;18:771–772.

67. Edwards PK, fehring tK, Hamilton Wg, Perricelli B, Beaver WB, odum 
sM. Are cementless stems more durable than cemented stems in two-stage revisions of 
infected total knee arthroplasties? Clin Orthop Relat Res 2014;472:206–211.

68. greene JW, reynolds sM, stimac Jd, Malkani al, Massini Ma. Midterm results 
of hybrid cement technique in revision total knee arthroplasty. J Arthroplasty 2013;28:570–574.

69. Mittal Y, fehring tK, Hanssen a, Marculescu C, odum sM, osmon d. 
Two-stage reimplantation for periprosthetic knee infection involving resistant organisms. 
J Bone Joint Surg Am 2007;89:1227–1231.

70. sah aP, shukla s, della Valle CJ, rosenberg ag, Paprosky Wg. Modified 
hybrid stem fixation in revision TKA is durable at 2 to 10 years. Clin Orthop Relat Res 
2011;469:839–846.

71. Wood gC, naudie dd, Macdonald sJ, McCalden rW, Bourne rB. Results 
of press-fit stems in revision knee arthroplasties. Clin Orthop Relat Res 2009;467:810–817.

72. Kuzyk Pr, dhotar Hs, sternheim a, gross aE, safir o, Backstein d. Two-
stage revision arthroplasty for management of chronic periprosthetic hip and knee infection: 
techniques, controversies, and outcomes. J Am Acad Orthop Surg 2014;22:153–164.

73. Izakovicova P, Borens o, trampuz a. Periprosthetic joint infection: current 
concepts and outlook. EFORT Open Rev 2019;4:482–494.

74. sabry fY, Buller l, ahmed s, Klika aK, Barsoum WK. Preoperative prediction 
of failure following two-stage revision for knee prosthetic joint infections. J Arthroplasty 
2014;29:115–121.

75. Kubista B, Hartzler ru, Wood CM, osmon dr, Hanssen ad, lewallen dg. 
Reinfection after two-stage revision for periprosthetic infection of total knee arthroplasty. Int 
Orthop 2012;36:65–71.

76. aali rezaie a, goswami K, shohat n, tokarski at, White aE, Parvizi J. Time 
to reimplantation: waiting longer confers no added benefit. J Arthroplasty 2018;33:1850–1854.

77. Puhto aP, Puhto t, syrjala H. Short-course antibiotics for prosthetic joint 
infections treated with prosthesis retention. Clin Microbiol Infect 2012;18:1143–1148.

78. laffer rr, graber P, ochsner PE, Zimmerli W. Outcome of prosthetic knee-
associated infection: evaluation of 40 consecutive episodes at a single centre. Clin Microbiol 
Infect 2006;12:433–439.

79. Bernard l, legout l, Zürcher-Pfund l, et al. Six weeks of antibiotic treatment 
is sufficient following surgery for septic arthroplasty. J Infect 2010;61:125–132.

80. Moran E, Masters s, Berendt ar, Mclardy-smith P, Byren I, atkins Bl.  
Guiding empirical antibiotic therapy in orthopaedics: the microbiology of prosthetic joint 
infection managed by debridement, irrigation and prosthesis retention. J Infect 2007;55:1–7.

81. Wongworawat Md. Clinical faceoff: One- versus two-stage exchange arthroplasty 
for prosthetic joint infections. Clin Orthop Relat Res 2013;471:1750–1753.

82. Bitsch rg, Kretzer JP, Vogt s, Büchner H, thomsen Mn, lehner B. 
Increased antibiotic release and equivalent biomechanics of a spacer cement without hard 
radio contrast agents. Diagn Microbiol Infect Dis 2015;83:203–209.



683

Trends in infecTed kne arThroplasTy

83. goltzer o, Mclaren a, overstreet d, galli C, Mclemore r. Antimicrobial 
release from prefabricated spacers is variable and the dose is low. Clin Orthop Relat Res 
2015;473:2253–2261.

84. stevens CM, tetsworth Kd, Calhoun JH, Mader Jt. An articulated antibiotic 
spacer used for infected total knee arthroplasty: a comparative in vitro elution study of 
Simplex and Palacos bone cements. J Orthop Res 2005;23:27–33.

85. Hsieh PH, Chang YH, Chen sH, ueng sW, shih CH. High concentration and 
bioactivity of vancomycin and aztreonam eluted from Simplex cement spacers in two-stage 
revision of infected hip implants: a study of 46 patients at an average follow-up of 107 days. 
J Orthop Res 2006;24:1615–1621.

86. anagnostakos K, Wilmes P, schmitt E, Kelm J. Elution of gentamicin and 
vancomycin from polymethylmethacrylate beads and hip spacers in vivo. Acta Orthop 
2009;80:193–197.

87. Hsieh PH, Huang KC, tai Cl. Liquid gentamicin in bone cement spacers: in vivo 
antibiotic release and systemic safety in two-stage revision of infected hip arthroplasty.  
J Trauma 2009;66:804–808.

88. anderson Ja, sculco PK, Heitkemper s, Mayman dJ, Bostrom MP, 
sculco tP. An articulating spacer to treat and mobilize patients with infected total knee 
arthroplasty. J Arthroplasty 2009;24:631–635.

89. Villanueva-Martínez M, ríos-luna a, Pereiro J, fahandez-saddi H, 
Villamor a. Hand-made articulating spacers in two-stage revision for infected total knee 
arthroplasty: good outcome in 30 patients. Acta Orthop 2008;79:674–682.

90. Pascale V, Pascale W. Custom-made articulating spacer in two-stage revision 
total knee arthroplasty: an early follow-up of 14 cases of at least 1 year after surgery. HSS J 
2007;3:159–163.

91. Hofmann aa, goldberg t, tanner aM, Kurtin sM. Treatment of infected total 
knee arthroplasty using an articulating spacer: 2- to 12-year experience. Clin Orthop Relat Res 
2005;430:125–131.

92. skwara a, tibesku C, Paletta rJ, et al. Articulating spacers compared to fixed 
spacers for the treatment of infected knee arthroplasty: a follow-up of 37 cases. Technol 
Health Care 2016;24:571–577.

93. freeman Mg, fehring tK, odum sM, fehring K, griffin Wl, Mason JB. 
Functional advantage of articulating versus static spacers in 2-stage revision for total knee 
arthroplasty infection. J Arthroplasty 2007;22:1116–1121.

94. tan tl, goswami K, Kheir MM, et al. Surgical treatment of chronic periprosthetic 
joint infection: fate of spacer exchanges. J Arthroplasty 2019;34:2085–2090.

95. gomez MM, tan tl, Manrique J, deirmengian gK, Parvizi J. The fate of 
spacers in the treatment of periprosthetic joint infection. J Bone Joint Surg Am 2015;97: 
1495–1502.

96. Barreira P, leite P, neves P, soares d, sousa r. Preventing mechanical 
complications of hip spacer implantation: technical tips and pearls. Acta Orthop Belg 
2015;81:344–348.

97. Petis sM, abdel MP, Perry KI, Mabry tM, Hanssen ad, Berry dJ. Long-
term results of a 2-stage exchange protocol for periprosthetic joint infection following total 
hip arthroplasty in 164 hips. J Bone Joint Surg Am 2019;101:74–84.

98. Kheir MM, tan tl, george J, et al. Development and evaluation of a prognostic 
calculator for the surgical treatment of periprosthetic joint infection. J Arthroplasty 2018;33: 
2986–2992.

99. tan tl, Kheir MM, tan dd, Parvizi J. Polymicrobial periprosthetic joint 
infections: outcome of treatment and identification of risk factors. J Bone Joint Surg Am 
2016;98:2082–2088.

100. Corona Ps, Hernandez a, reverte-Vinaixa MM, amat C, flores X. 
Outcome after knee arthrodesis for failed septic total knee replacement using a monolateral 
external fixator. J Orthop Surg (Hong Kong) 2013;21:275–280.

101. Macdonald JH, agarwal s, lorei MP, Johanson na, freiberg aa. Knee 
arthrodesis. J Am Acad Orthop Surg 2006;14:154–163.

102. Eralp l, Kocaoğlu M, tuncay I, Bilen fE, samir sE. [Knee arthrodesis using 
a unilateral external fixator for the treatment of infectious sequelae]. Acta Orthop Traumatol 
Turc 2008;42:84–89.

103. Kuo aC, Meehan JP, lee M. Knee fusion using dual platings with the locking 
compression plate. J Arthroplasty 2005;20:772–776.

104. garberina MJ, fitch rd, Hoffmann Ed, Hardaker Wt, Vail tP, scully sP. 
Knee arthrodesis with circular external fixation. Clin Orthop Relat Res 2001;382:168–178.

105. gunes t, sen C, Erdem M. Knee arthrodesis using circular external fixator in the 
treatment of infected knee prosthesis: case report. Knee Surg Sports Traumatol Arthrosc 
2005;13:329–334.

106. Puranen J, Kortelainen P, Jalovaara P. Arthrodesis of the knee with 
intramedullary nail fixation. J Bone Joint Surg Am 1990;72:433–442.

107. oostenbroek HJ, van roermund PM. Arthrodesis of the knee after an infected 
arthroplasty using the Ilizarov method. J Bone Joint Surg Br 2001;83:50–54.

108. falahee MH, Matthews ls, Kaufer H. Resection arthroplasty as a salvage 
procedure for a knee with infection after a total arthroplasty. J Bone Joint Surg Am 1987; 
69:1013–1021.

109. Wasielewski rC, Barden rM, rosenberg ag. Results of different surgical 
procedures on total knee arthroplasty infections. J Arthroplasty 1996;11:931–938.

110. Carr JB II, Werner BC, Browne Ja. Trends and outcomes in the treatment of 
failed septic total knee arthroplasty: comparing arthrodesis and above-knee amputation.  
J Arthroplasty 2016;31:1574–1577.


