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TKR, with more than 2-year follow-up (clinical and radio-
logical) were eligible for data collection and analysis. Of 
them, 108 underwent one-stage and 177 received two-stage 
TKR. Failure was defined as infection recurrence or per-
sistence of the same or unknown pathogens. Factors linked 
with infection recurrence were analysed by uni- and multi-
variate logistic regression with random intercept.
Results  Factors associated with infection recurrence 
were fistulae (odds ratio (OR) 3.4 [1.2–10.2], p =  0.03), 
infection by gram-negative bacteria (OR 3.3 [1.0–10.6], 
p =  0.05), and two-stage surgery with static spacers (OR 
4.4 [1.1–17.9], p = 0.04). Gender and type of surgery inter-
acted (p =  0.05). In men (133 patients), type of surgery 
showed no significant linkage with infection recurrence. In 

Abstract 
Purpose  Revision of infected total knee replacements 
(TKR) is usually delayed for a period in which the joint 
space is filled with an antibiotic-loaded acrylic spacer. In 
contrast, one-stage re-implantation supposes immediate re-
implantation. Formal comparisons between the two meth-
ods are scarce. A retrospective multi-centre study was con-
ducted to investigate the effects of surgery type (one-stage 
vs. two-stage) on cure rates. It was hypothesised that this 
parameter would not influence the results.
Method  All infected TKR, treated consecutively between 
2005 and 2010 by senior surgeons working in six referral 
hospitals, were included retrospectively. Two hundred and 
eighty-five patients, undergoing one-stage or two-stage 
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women (152 patients), two-stage surgery with static spac-
ers was associated independently with infection recurrence 
(OR 5.9 [1.5–23.6], p  =  0.01). Among patients without 
infection recurrence, International Knee Society scores 
were similar between those undergoing one-stage or two-
stage exchanges.
Conclusion  Two-stage procedures offered less benefit 
to female patients. It suggests that one-stage procedures 
are preferable, because they offer greater comfort without 
increasing the risk of recurrence. Routine one-stage pro-
cedures may be a reasonable option in the treatment of 
infected TKR.
Level of evidence  III.

Keywords  Infection of the site of operation · Prosthesis 
joint infection · Total knee replacement · Prosthetic 
exchange

Introduction

Revision of infected total knee replacements (TKR) 
involves implant removal combined with bone and soft tis-
sue excision, to eradicate all bacteria localised in implant 
surface biofilm and surrounding tissues. Re-implantation 
after septic revision is most often delayed for a more or less 
prolonged intermediate period, in which the joint space is 
filled with an antibiotic-loaded acrylic spacer. Conditions 
for re-implantation include prolonged and adapted anti-bio-
therapy, wound-healing and normalisation of all biological 
parameters [17]. This protocol provides infection eradica-
tion rates ranging from 60 to 100 % [8, 13, 26]. One draw-
back is the poor function offered by acrylic spacers in the 
intermediate period. In particular, articulated spacers are 
proposed in the hope of preserving range of motion [5, 6].

In contrast, one-stage revision supposes immediate re-
implantation of new prosthetic devices during the same 
operative procedure for the removal of infected implants. 
This alternative method has the advantage of substantially 
shortening the surgical protocol and evoking less discom-
fort in patients. The main shortcoming is insufficient con-
trol of the initial infection at re-implantation time. How-
ever, clinical experiences have not revealed higher infection 
recurrence rates than two-stage revisions [3, 7, 15, 25].

Formal comparisons of both methods are scarce. In fact, 
multiple parameters may run interference, namely patient-
related risk factors, possible hosting of several microor-
ganisms, and variations in anti-biotherapy protocols. The 
French organisation of referral centres for the treatment 
of osseous-articular infections involves multidisciplinary 
teams linking specialised surgeons with bacteriologists, 
offering the opportunity to conduct multicentre trials. Thus, 
a number of infected primary or revision TKR, referred to 

these centres, were collected retrospectively. It was hypoth-
esised that surgery type (one- vs. two-stage re-implantation 
with articulated or static spacers) would not influence cure 
rates and functional results.

Materials and methods

A multicentre cohort was studied: it involved six referral 
centres. All patients with infected TKR, requiring implant 
removal and subsequent re-implantation by 1 or 2 senior 
surgeons from each institution between 2005 and 2010, 
were included retrospectively. No patient was excluded 
because of previous infections and prior operations.

Totally, 355 patients were collected. Seventy were 
excluded (20 %) because of insufficient follow-up (n = 41 
with less than 2-year follow-up), incomplete data (n = 20), 
or suboptimal protocol (inadequate bacterial detection or 
antibiotic therapy adaptation, n = 9), leaving a study pop-
ulation of 285 patients (285 knees). Fifty-four infection 
recurrences before 2  years gave 231 patients (231 knees) 
with complete 2-year clinical and radiological follow-up 
(Fig. 1).

All staff adhered to the same principles of microorgan-
ism identification, extensive excision of infected soft tis-
sues, adapted and prolonged anti-biotherapy administered 
intravenously first, then continued orally until normalisa-
tion of biological parameters. Synergic 6-week bi-anti-
biotherapy was prescribed, based as often as possible (in 
the absence of resistance) on the association of levofloxa-
cin and rifampicin against Staphylococci, while amoxicillin 
preferentially targeted Streptococci. In all centres, implant 
removal was considered mandatory if infection symptoms 
occurred more than 3  weeks after the index operation, or 
after the supposed date of contamination. One-stage pro-
cedures were performed as standard care in 2 centres, 
whereas in the other 4 centres, two-stage re-implantation 
remained the gold standard, with only static spacers in 1 of 

Fig. 1   Flow chart of TKR follow-up and failures
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them and only articulated spacers in 3 of them. Because all 
participating centres applied 1 protocol exclusively, there 
was no discussion about choice of treatment sequence, i.e., 
one- or two-stage procedures. This contributed to uniform 
indications and minimised biases due to surgeons’ subjec-
tive judgements. In practice, patients were referred to the 
centre closest to their home, regardless of the current insti-
tutional protocol.

Active knee flexion ranges were gauged manually at 
last follow-up by goniometer, and functional results were 
assessed as International Knee Society (IKS) scores [12].

All centres met the criteria of Laffer et al. [18] in defin-
ing prosthesis-joint infection (PJI) as persistence or recur-
rence of the same or unknown pathogens during or after 
completion of antimicrobial therapy.

Polymicrobial infections were defined, according to 
Steckelberg and Osmon [24], as infections by at least 2 
germs identified from at least 2 cultures of joint aspirates 
or intra-operative tissue specimens, or isolation of 2 or 
more microorganisms in at least 1 intra-operative culture 
plus evidence of infection in joint spaces (purulence, acute 
inflammation, sinus tract communicating with joint space). 
They were classified as follows: if gram-negative bacteria 
were found, they were considered to be responsible for the 
infection. In the absence of gram-negative bacteria, the 
causal agent was identified as Staphylococcus aureus, if 
any, then as Streptococci, if any, or gram-positive bacteria 
other than coagulase-negative Staphylococci in the absence 
of the former bacteria.

According to Laffer et  al. [18], early infections were 
defined as infections occurring within 3 months after TKR, 
delayed infections between 3 and 24 months and late infec-
tions beyond 1 year after TKR.

The local Institutional Review Board approved the study 
(Hôpitaux Universitaires Paris Nord Val de Seine, IRB 
00006477).

Statistical analysis

Descriptive analysis of the study populations allowed com-
parisons of those who underwent one-stage or two-stage 
TKR. Quantitative data were reported as mean and stand-
ard deviation with comparison by Student’s t test or Wil-
coxon’s signed rank test, respectively. Qualitative variables 
were expressed as numbers and proportions with compari-
son by the Chi-square test or Fischer’s exact test. Factors 
associated with infection recurrence were then identified 
by uni- and multi-variate logistic regression with random 
effect on the referral hospital (mixed model). The random 
effect on centre allowed modelling of existing variability 
between procedures and thus provided correct estimators. 
Associations were reported as odds ratios (OR) with 95 % 

confidence intervals (95  % CI) and calculated with 0.1 
accuracy. Variables included in multivariate analysis were 
linked with infection recurrence and at least 25 % signifi-
cance on univariate analysis, but non-collinear with other 
variables on univariate analysis. Interactions with surgery 
type (one-stage, two-stage articulated, two-stage static) 
were investigated. Sub-group analysis was conducted in 
case of significant interactions (p  <  0.05). All tests were 
2-tailed with a significance level of 5 %.

All patients were anonymised before being recorded in 
our database. Birth and operation dates were replaced by 
age and length of follow-up. Two investigators (TD and 
CE) performed statistical analysis with R software, 3.02 
(R Foundation for Statistical Computing, Vienna, Austria) 
using Modern Applied Statistics with S and glmmML pack-
ages. This observational study was reported according to 
the Strengthening the Reporting of Observational Studies 
in Epidemiology statement.

Description of study population

Of the 285 patients who met the inclusion criteria, 108 
patients (108 knees) underwent one-stage exchange and 
177 patients (177 knees) submitted to two-stage exchange. 
They were, respectively, followed for 44  ±  25  months 
(0–120) and 55  ±  32  months (4–120) until recurrence. 
Patients with less than 2-year follow-up were those 
with early infection recurrence. Compared to the one-
stage group, two-stage patients had different median age 
(p  =  0.003) and pre-operative skin aspect (p  =  0.002) 
(Table 1).

In primary infected TKR, the numbers of early, delayed 
and late infections were not significantly different in the 
two groups. In both the one-stage and two-stage groups, 
27 % of early infections, respectively, underwent previous 
debridement (Table 2). Late infections occurred on average 
5 years after the index operation. In infected TKR revision, 
previous attempts at infection control (debridement and/
or implant removal) occurred more frequently in the two-
stage group (60 vs. 30 %; p < 0.001) (Table 2).

Anterior tibial tuberosity osteotomies were performed in 
38 % of one-stage and 26 % of two-stage exchanges (n.s.). 
In the two-stage group, extensive tibial and femoral osteot-
omies [20] were required in 3 patients to remove infected, 
cemented hinge prostheses. In the two-stage group, 131 of 
acrylic spacers were articulated, while 46 were static. The 
time interval separating the 2 stages was longer in the artic-
ulated spacer subgroup (5.6 ±  7.5 vs. 3.3 ±  2.5  months, 
p =  0.046). A gastrocnemius flap was undertaken in 5 of 
the one-stage and 7 of the two-stage procedures. A vastus 
lateralis flap was created in a two-stage procedure.
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Looking for at least 15  % difference in cure rates 
required 109 patients in each sample with an alpha error of 
5 % and beta error of 20 % (power 80 %).

Results

Among 31 gram-negative bacteria-related infections, 1 was 
attributed to 2 different gram-negative strains. The identi-
fied bacteria were 12 Pseudomonas aeruginosa, 7 Escheri-
chia coli, 5 Enterobacter cloacae, 1 Proteus mirabilis, 2 

Proteus vulgaris, 2 Klebsiella oxytoca, 1 Serratia marces-
cens, 1 Serratia liquefaciens, and 1 Morganella morganii. 
Thirty-seven patients (13 %) had polymicrobial infections, 
in which 13 involved a gram-negative bacterium (35 %).

Table  3 shows the distribution and fate of infection 
recurrences between the one- and two-stage groups. 
Most of them underwent re-revision, respectively, 
29 ± 36 months (0–137) and 21 ± 26 months (0–100) from 
the index operation.

In univariate analysis, patient gender, age, surgery 
type, previous surgery, cutaneous status, body mass index 

Table 1   Patient characteristics Factor Total One-stage Two-stage p value

n = 285 n = 108 n = 177

Age: years 68 [60–75] 71 [63–76] 67 [59–73] 0.003

Gender: male 133 (47 %) 53 (49 %) 80 (45 %) n.s.

Body mass index (BMI) 29 [25–33] 29 [25–33] 29 [26–33] n.s.

History of surgery n.s.

 None 171 (60 %) 61 (57 %) 110 (62 %)

 One-stage TKR replacement 28 (10 %) 10 (9 %) 18 (10 %)

 Arthroscopy 29 (10 %) 14 (13 %) 15 (9 %)

 Arthrotomy 57 (20 %) 23 (21 %) 34 (19 %)

Pre-operative skin aspect 0.002

 1 scar 182 (64 %) 75 (69 %) 107 (60 %)

 2 scars 56 (20 %) 12 (11 %) 44 (25 %)

 3 scars or more 21 (7 %) 5 (5 %) 16 (9 %)

 Fistula 26 (9 %) 16 (15 %) 10 (6 %)

Known risk factor for infection recurrence n.s.

 None 59 (59 %) 65 (60 %) 104 (59 %)

 Diabetes/immuno-suppression 99 (35 %) 36 (33 %) 63 (35 %)

 Other 17 (6 %) 7 (7 %) 10 (6 %)

Polymicrobial infection 37 (13 %) 14 (13 %) 23 (13 %)

Infection classification n.s.

 No pathogen 14 (5 %) 1 (1 %) 13 (7 %)

 Streptococcus spp. 38 (13 %) 14 (13 %) 24 (14 %)

 Coagulase-negative staphylococci 57 (20 %) 29 (27 %) 28 (16 %)

 Staphyloccocus aureus 118 (41 %) 42 (39 %) 76 (43 %)

 Other gram-positive bacteria 27 (9 %) 12 (11 %) 15 (8 %)

 Gram-negative bacteria 31 (11 %) 10 (9 %) 21 (12 %)

Resistance to Methicillin (Methi) and Rifampicin (Rifam) n.s.

 No therapeutic impact 93 (33 %) 31 (29 %) 62 (35 %)

 Methi_Sensitive/Rifam_Sensitive 126 (44 %) 53 (49 %) 73 (41 %)

 Methi_Sensitive/Rifam_Resistant 34 (12 %) 14 (13 %) 20 (11 %)

 Methi_Resistant/Rifam_Sensitive 21 (7 %) 5 (5 %) 16 (9 %)

 Methi_Resistant/Rifam_Resistant 10 (4 %) 4 (4 %) 6 (4 %)

Infection recurrence: Yes 78 (27 %) 23 (21 %) 55 (31 %) n.s.

 Surgical re-intervention: Yes 65 (83 %) 20 (87 %) 45 (82 %) n.s.

 Pathogens identified n.s.

  No pathogens 25 (32 %) 7 (30 %) 18 (33 %)

  Same pathogen 36 (46 %) 11 (48 %) 25 (45 %)



3135Knee Surg Sports Traumatol Arthrosc (2016) 24:3131–3139	

1 3

(BMI), number and type of bacteria were associated with 
infection recurrence (Table  4). Compared to Coagulase-
negative Staphylococci, risks of infection by S. aureus, a 
gram-negative bacterium, and other gram-positive bacte-
ria were high. Methicillin and/or Rifampicin resistance of 
gram-positive bacteria was not associated with infection 
recurrence. Known risk factors of infection (diabetes mel-
litus, immuno-suppression) were not linked with infection 
recurrence.

Interaction between gender and type of surgery was sig-
nificant. Infection recurrences were lower in the two-stage 
protocol with articulated spacers in men (OR 0.19 [0.05–
0.69], p = 0.01).

In multivariate analysis, while linkage of two-stage 
TKR with articulated spacers and recurrence was not sta-
tistically significant, two-stage TKR with static spacers was 
independently coupled with infection recurrence (OR 4.3 
[1.1–17.9], p = 0.04), as were fistulae (OR 3.4 [1.2–10.2], 
p = 0.03) and infection by gram-negative bacteria (OR 3.3 
[1.0–10.6], p = 0.05). Because of interaction with gender, 

multivariate analysis was conducted separately in males 
and females (Table 5). In men (n = 133), surgery type was 
not associated with infection recurrence. Only fistulae and 
gram-negative bacteria significantly increased risk inde-
pendently of other factors (OR 5.4 [1.1–27.4], p =  0.04 
and OR 8.4 [1.2–61.9], p = 0.04, respectively). In women 
(n = 152), compared to the one-stage procedure, the two-
stage protocol with static spacers significantly increased 
the risk of infection recurrence (OR 5.9 [1.5–23.6], 
p = 0.01). The two-stage protocol with articulated spacers 
also increased this risk but did not reach significance (OR 
3.0 [0.9–9.8], n.s.).

Intra-operative, early and late complication rates were 
not different between groups (Table  6). In patients with-
out infection recurrence, final IKS function scores were, 
respectively, 88.6 ± 9.4 (n = 83) and 89.7 ± 2 (n = 122) 
and knee scores were, respectively 74.6  ±  4.1 and 
75.1 ±  1.6. Flexion gain was 14° ±  23° (−20; 110°) in 
the one-stage group and 11° ± 28° (−50; 100°) in the two-
stage group (n.s.). Flexion range was 97° ± 18° (40–130) 

Table 2   History of infection

One-stage (n = 108) Two-stage (n = 177)

Number Time from previous  
infection (months)

Previous surgical 
procedure

Number Time from previous  
infection (months)

Previous surgical 
procedure

Debridement Revision Debridement Revision

Primary TKR: infection recurrence

 Early 20 <3 6 0 24 <3 8 5

 Delayed 19 3–24 13 0 21 3–24 6

 Late 39 ≥24 2 0 82 ≥24 21 1

Revised TKR: infection recurrence

 Early 3 <3 0 0 4 <3 2 1

 Delayed 4 3–24 1 1 9 3–24 3 2

 Late 23 ≥24 3 4 37 ≥24 11 10

Table 3   Management of infection recurrence

Surgical procedure for infection recurrence One-stage (n = 25) Two-stage (n = 55) p value

Number Number

Procedure Subsequent infection  
recurrence

Procedure Subsequent infection  
recurrence

Amputation 2 0 1 0

Knee fusion 2 0 15 2

Revision and re-implantation 11 5 17 9

Debridement 7 0 11 1

Revision without re-implantation 0 0 1 1

Non-revised 3 3 10 10

Infected at last visit 8/108 (7 %) 23/177 (13 %) n.s.
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in the one-stage group and 91° ± 24° (10; 140°) in the two-
stage group (n.s.). Patients with articulated spacers gained 
12 ± 28° flexion versus 7 ± 27° in those with static spacers 
(n.s.). Average flexion range was 93 ±  24° in the former 
and 83 ± 28° in the latter (n.s.).

Discussion

The most important finding of the present study was that 
pre-operative fistulae, infections with gram-negative bacte-
ria and a two-stage protocol with static spacers significantly 

increased the risk of infection recurrence. The risk associ-
ated with static spacers was higher in women than in men. 
One explanation of the apparent superiority of articulated 
over static spacers in terms of infection recurrence may be 
that the friction provoked by knee flexion might increase 
antibiotic release in surrounding soft tissues.

Comparison of one- and two-stage procedures in the 
treatment of infected TKR is arduous because many vari-
ables can influence the outcome. Randomised trials are dif-
ficult to conduct because lengthy inclusion periods are nec-
essary to obtain large enough arms and reach significance. 
Besides, patients may not be representative. Meta-analysis 

Table 4   Factors associated with infection recurrence

Factor Infection recurrence Univariate analysis Multivariate analysis

No Yes OR 95 % CI p value OR 95 % CI p value

Age ≥ 70 years 99 (48 %) 31 (40 %) 0.7 [0.4–1.3] n.s. 0.7 [0.4–1.5] n.s.

Gender: male 102 (49 %) 31 (40 %) 0.7 [0.4–1.2] n.s. 2.3 [0.8–7.1] n.s.

Body mass index (BMI) ≥ 35 33 (16 %) 21 (27 %) 2.1 [1.1–4.1] 0.03 2 [0.9–4.4] n.s.

Previous prosthesis-joint infection

 None 123 (59 %) 48 (62 %) 1 1

 TKR exchange 18 (9 %) 10 (13 %) 1.2 [0.5–2.9] n.s. 1.1 [0.4–3.1] n.s.

 Arthroscopic debridement 26 (16 %) 3 (4 %) 0.3 [0.1–1.0] 0.05 0.3 [0.1–1.2] n.s.

 Arthrotomy 40 (19 %) 17 (22 %) 0.9 [0.5–1.9] n.s. 1 [0.5–2.3] n.s.

Current surgery performed

 One-stage 85 (41 %) 23 (30 %) 1 1

 Two-stage, articulated 95 (46 %) 36 (46 %) 1 [0.4–2.4] n.s. 1.7 [0.5–5.6] n.s.

 Two-stage, non-articulated 27 (13 %) 19 (24 %) 2 [0.7–5.3] n.s. 4.4 [1.1–17.9] 0.04

Pre-operative skin aspect

 1 scar 138 (67 %) 44 (56 %) 1 1

 2 scars 38 (18 %) 18 (23 %) 1.3 [0.6–2.6] n.s. 1.1 [0.5–2.6] n.s.

 3 scars or more 16 (8/ %) 5 (6 %) 1 [0.3–3.2] n.s. 1.4 [0.4–4.8] n.s.

 Fistula 15 (7/ %) 11 (14 %) 3.9 [1.5–10.6] 0.01 3.4 [1.2–10.2] 0.03

Known risk factors for infection recurrence

 Diabetes/Immuno-suppression 71 (34 %) 28 (36 %) 0.9 [0.5–1.6] n.s.

 Other 12 (6 %) 5 (6 %) 0.9 [0.3–3.0] n.s.

Polymicrobial infection 21 (10 %) 16 (20 %) 2.6 [1.2–5.8] 0.02

Infection classification

 No pathogen 10 (5 %) 4 (5 %) 1.1 [0.3–4.8] n.s. 1.5 [0.3–7.0] n.s.

 Streptococcus spp. 30 (14 %) 8 (11 %) 1.1 [0.4–3.4] n.s. 1.2 [0.4–3.9] n.s.

 Coagulase-negative staphylococci 45 (22 %) 12 (15 %) 1 1

 Staphyloccocus aureus 83 (40 %) 35 (45 %) 1.8 [0.8–4.1] n.s. 2.3 [0.9–5.9] n.s.

 Other gram-positive bacteria 20 (10 %) 7 (9 %) 2.3 [0.7–7.6] n.s. 2.4 [0.7–8.9] n.s.

 Gram-negative bacteria 19 (9 %) 12 (15 %) 3.2 [1.1–9.3] 0.03 3.3 [1–10.6] 0.05

Resistance to Methicillin (Methi) and Rifampicin (Rifam)

 No therapeutic impact 69 (34 %) 24 (31 %) 1

 Methi_Sensitive/Rifam_Sensitive 93 (45 %) 33 (42 %) 0.9 [0.5–1.8] n.s.

 Methi_Sensitive/Rifam_Resistant 22 (11 %) 12 (15 %) 1.5 [0.6–3.7] n.s.

 Methi_Resistant/Rifam_Sensitive 15 (7 %) 6 (8 %) 1 [0.3–3.2] n.s.

 Methi_Resistant/Rifam_Resistant 7 (3 %) 3 (4 %) 1 [0.2–4.5] n.s.
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also appears to be disputable owing to the heterogeneity 
of studies included [14, 22]. Multicentre trials collecting 
patients from specialised institutions appear to be effective 
ways of collecting sufficient data for multivariate analysis.

In the literature, comparison remains inconclusive. In 
the review by Jämsen et  al. [14], eradication rates were 
82  % for two-stage exchanges and 73  % for one-stage 
exchanges. Notably, patients with less than 2-year follow-
up were included, which may have overestimated the eradi-
cation rate [14]. Bauer et al. [2], in a smaller retrospective 
series, reported eradication rates of 84 and 87  % in two-
stage versus one-stage procedures, respectively.

Cure rates with two-stage procedures are generally 
higher than in the present study. Haleem et al. [10] reported 
a 5-year eradication rate of 94  % with two-stage proce-
dures and implant removal because of reinfection as end-
point, whereas the present work noted 69 % with reinfec-
tion revised or not as endpoint. Bauer et al. [2] came to the 
conclusion that spacer type does not influence the clinical 
results, but did not rely on multivariate analysis. Moreo-
ver, the present study included multi-operated patients, 
some of them implanted with extension stems and exten-
sive cementing (28  % in each group). Such factors were 
identified as complicating infection management [4]. These 

results support the conclusion of systematic reviews [14, 
22] that, while there was a trend towards delayed final re-
implantation with articulated spacers, the eradication rate 
was improved in comparison with static spacers.

Contracting treatment to a single stage did not reduce 
complication numbers and types. Similarly, functional 
results were not improved in patients without infection 
recurrence. This is not in agreement with the findings of 
Haddad et  al. [9], who, however, investigated cohorts of 
very select patients. In contrast, Baker et al. [1] confirmed 
the impression of the present study, basing themselves on 
patients’ reported outcome measures. They suggested that 
decision-making between one- and two-stage exchanges 
should be guided by re-infection rates. The 77 % eradica-
tion rate with one-stage exchange reported here may appear 
to be somewhat disappointing. Previously published papers 
have recorded single institutional experiences with smaller 
cohorts. Jenny et  al. [15] encountered an 87  % survival 
rate at 3-year follow-up, which did not take into account 
late infections occurring after the third post-operative year. 
Buechel et  al. [3] obtained long-term results with one-
stage procedures in 22 patients, of whom 91 % were free 
of recurrent infection with average follow-up of 10 years. 
However, some patients with less than 2-year follow-up 

Table 5   Multivariate model 
according to gender

Factor Male (n = 133) Women (n = 152)

OR 95 % CI p value OR 95 % CI p value

Age ≥ 70 years 1 [0.3–2.8] n.s. 0.7 [0.3–1.8] n.s.

Body mass index (BMI) ≥ 35 3.1 [0.6–15.1] n.s. 1.5 [0.6–3.8] n.s.

Previous prosthesis joint infection

 None 1 1

 TKR exchange 2.2 [0.4–12.3] n.s. 0.8 [0.2–2.7] n.s.

 Arthroscopic debridement 0.6 [0.1–3.9] n.s. 0.1 [0.0–1.3] n.s.

 Arthrotomy 1 [0.3–4.2] n.s. 1.1 [0.4–2.9] n.s.

Current surgery performed

 One-stage 1 1

 Two-stage, articulated 0.3 [0.1–1.4] n.s. 3 [0.9–9.8] n.s.

 Two-stage, static 1.1 [0.2–6.3] n.s. 5.9 [1.5–23.6] 0.01

Pre-operative skin aspect

 1 scar 1 1

 2 scars 1 [0.3–4.1] n.s. 1.5 [0.5–4.3] n.s.

 3 scars or more 2.1 [0.3–13.9] n.s. 0.7 [0.1–4.7] n.s.

 Fistula 5.4 [1.1–27.4] 0.04 2.6 [0.6–11.5] n.s.

Infection classification

 No pathogen 2.6 [0.2–46.2] n.s. 1.1 [0.2–7.4] n.s.

 Streptococcus spp. 1.7 [0.3–10.8] n.s. 1 [0.2–4.5] n.s.

 Coagulase-negative staphylococci 1 1

 Staphyloccocus aureus 2.1 [0.5–8.4] n.s. 2.4 [0.7–8.6] n.s.

 Other gram-positive bacteria 1.4 [0.2–13.4] n.s. 2 [0.4–10.2] n.s.

 Gram-negative bacteria 8.4 [1.2–61.9] 0.04 1.7 [0.4–7.6] n.s.
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were included. In a large monocentric cohort with at least 
5-year follow-up, von Foerster et  al. [25] reported results 
consistent with the present data. Indeed, 76 out of 104 
patients (73 %) were cured by the index operation.

Other factors, such as the rate of multi-organism infec-
tions or resistance to antibiotics, have been incriminated 
as failure predictors. Marculescu and Cantey [19] achieved 
a lower success rate in polymicrobial compared to mono-
microbial infections. On the other hand, Hirakawa et  al. 
[11] garnered 71 % success with two-stage procedures after 
polymicrobial-related infections. In the present study, pol-
ymicrobial infections increased the risk of recurrence, but 
were more frequently associated with gram-negative bac-
teria, which appeared to be predicators of failure in male 
patients. Indeed, at least 1 gram-negative bacterium was 
identified in 35  % (13/37) of polymicrobial infections, 
and the prevalence of P. aeruginosa among gram-negative 
bacteria identified was 39  % (12/31). Thus, the role of 
polymicrobial infections after TKR remains unclear. Anti-
biotic susceptibility may also have influenced the results. 
Senneville et  al. [23] suggested that methicillin-resistant 
S. aureus was not associated with a worse outcome in PJI, 

but that rifampicin with quinolone was a significant predic-
tor of success. In the present study, neither methicillin nor 
rifampicin resistance was linked to a higher risk of recur-
rence. Finally, although BMI greater than 35 was previ-
ously found to be associated with a higher risk of infection 
[23], statistical significance was not reached with multivari-
ate analysis. We discerned that fistulae were an independ-
ent factor significantly decreasing the eradication rate. In 
contrast, Bauer et al. [2] did not identify fistulae as a recur-
rence factor. In practice, fistulae excision may induce sig-
nificant soft tissue defects, which complicate wound clo-
sure and may require additional plastic surgery.

The present study had a number of limitations. First, it 
was a retrospective cohort, in which data were collected from 
medical charts. Because of incomplete information in the 
remaining patients, the staging system of McPherson et  al. 
[21] could not be used. Second, surgical procedure allocation 
(one- or two-stage) was not randomised. Thus, due to cluster 
effects, it might have misestimated associations. However, 
this has been taken into account in statistical analysis, as cen-
tre identification served as a random effect. Finally, follow-
up length and failure criteria remained the main obstacles to 
definitive conclusions. Two years are commonly accepted as 
representing enough follow-up before drawing conclusions 
about infection eradication. However, infections beyond 
2 years are frequent and may precipitate different interpreta-
tions. Moreover, recurrence by another microorganism may 
be considered as either a new haematogenous infection or as 
recurrence of the same infection in which one of the involved 
microorganisms was not identified initially. In some early 
recurrences, no microorganism was identified in patients 
who were still on antibiotics because of previous infections. 
Thus, broad acceptance of all types of infections as a crite-
rion for failure appears to be realistic.

Conclusion

Keeping these limitations in mind, the present study dis-
closed that pre-operative fistulae, gram-negative bacteria-
related infection and two-stage procedures increased the 
risk of infection recurrence, especially in women if per-
formed with static spacers. This suggests that a one-stage 
procedure may be more advantageous, because it offers 
greater comfort with the same final result. Whatever the 
procedure, it must be remembered that success relies pri-
marily on the precision of surgical excision, the adequacy 
of anti-biotherapy and the absence of co-morbidities [16].
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