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Background and purpose — The use of uncemented revision 
stems is an established option in 2-stage procedures in patients 
with periprosthetic joint infection (PJI) after total hip arthro-
plasty (THA). However, in 1-stage procedures, they are still rarely 
used. There are still no detailed data on radiological outcome 
after uncemented 1-stage revisions. We assessed (1) the clinical 
outcome, including reoperation due to persistent infection and 
any other reoperation, and (2) the radiological outcome after 1- 
and 2-stage revision, using an uncemented stem.

Patients and methods — Between January 1993 and December 
2012, an uncemented revision stem was used in 81 THAs revised 
for PJI. Patients were treated with 1- or 2-stage procedures 
according to a well-defi ned algorithm (1-stage: n = 28; 2-stage: n 
= 53). All hips had a clinical and radiological follow-up. Outcome 
parameters were eradication of infection, re-revision of the stem, 
and radiological changes. Survival was calculated using Kaplan-
Meier analysis. Radiographs were analyzed for bone restoration 
and signs of loosening. The mean clinical follow-up time was 7 
(2–15) years.

Results — The 7-year infection-free survival was 96% (95% 
CI: 92–100), 100% for 1-stage revision and 94% for 2-stage revi-
sion (95% CI: 87–100) (p = 0.2). The 7-year survival for asep-
tic loosening of the stem was 97% (95% CI: 93–100), 97% for 
1-stage revision (95% CI: 90–100) and 97% for 2-stage revision 
(95% CI: 92–100) (p = 0.3). No further infection or aseptic loosen-
ing occurred later than 7 years postoperatively. The radiographic 
results were similar for 1- and 2-stage procedures.

Interpretation — Surgical management of PJI with stratifi ca-
tion to 1- or 2-stage exchange according to a well-defi ned algorithm 
combined with antibiotic treatment allows the safe use of unce-
mented revision stems. Eradication of infection can be achieved 

in most cases, and medium- and long-term results appear to be 
comparable to those for revisions for aseptic loosening.

■

Periprosthetic joint infection (PJI) is a major complication 
after total hip arthroplasty (THA), causing additional surgery, 
impaired function, and high costs (Boettner et al. 2011, Kurtz 
et al. 2012). The incidence of PJI is rising due to the growing 
number of joint replacements performed, a steadily increasing 
population with arthroplasties (with a lifelong risk of hema-
togenous PJI), and increased surgical awareness in diagnosing 
PJI—with better diagnostic tools (Dale et al. 2012, Kurtz et 
al. 2012). 

Successful management of PJI includes elimination of all 
microorganisms to give a pain-free joint with good function. 
Various surgical options are available to achieve this aim (Zim-
merli et al. 2004). 2-stage exchange is traditionally the most 
frequently performed procedure (Osmon et al. 2013). How-
ever, in recent years, 1-stage exchange has gained more popu-
larity with success rates of > 90% for eradication of infection 
(Giulieri et al. 2004, Winkler et al. 2008, De Man et al. 2011, 
Singer et al. 2012, Zeller et al. 2014, Ilchmann et al. 2016).

In patients with aseptic loosening, uncemented revision 
stems have shown excellent medium- and long-term sur-
vival (Regis et al. 2011, Fink et al. 2014). In patients with 
PJI, 2-stage revision with an uncemented implant is also an 
established option, with excellent event-free survival rates 
(Koo et al. 2001, Masri et al. 2007, Fink et al. 2009, Kim et 
al. 2011, Romano et al. 2011, Neumann et al. 2012, Dieck-
mann et al. 2014). However, uncemented stems are still rarely 
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used in 1-stage exchange (Zeller et al. 2014, Ilchmann et al. 
2016), and there are no data on detailed radiological outcome. 
In septic revisions, the stability of uncemented stems may be 
impaired due to reduced ingrowth caused by low bone quality 
(Ochsner 2011) and also, in 1-stage exchange, by peri-implant 
osteomyelitis.

We assessed (1) the clinical outcome, including reoperation 
due to persistent infection and any other reoperation, and (2) 
the detailed radiological outcome after 1- and 2-stage revision, 
using an uncemented stem.

Patients and methods
Study population 
PJI after THA was diagnosed if at least 1 of the following cri-
teria were fulfi lled: (1) growth of the same microorganism in 2 
or more cultures of synovial fl uid, sonication fl uid, or peripros-
thetic tissue; (2) purulence of synovial fl uid or at the implant 
site; (3) acute infl ammation on histopathological examination 
of periprosthetic tissue, and (4) presence of a sinus tract com-
municating with the prosthesis (Zimmerli et al. 2004). Patients 
were treated in an interdisciplinary unit for orthopedic infec-
tions and selected for a 1- or 2-stage exchange according to a 
well-established algorithm (Figure 1) (Zimmerli et al. 2004, 
Trampuz and Zimmerli 2005). 

Between January 1993 and December 2012, 251 hips were 
revised, 150 (60%) of them for PJI. In 81 (54%) of the infected 
hips (79 patients, 49 males, average age 70 (31–88) years), an 
uncemented revision stem was used (1-stage: 28; 2-stage: 53). 

25 of the 1-stage procedures (Ilchmann et al. 2016) and 26 of 
the 2-stage procedures (De Man et al. 2011) have been included 
in previous publications. The decision to use uncemented stem 
fi xation depended on the age of the patient and on bone quality. 
29 patients had had at least 1 previous partial or total revision. 
In the 1-stage exchanges, the median length of time between 
onset of symptoms and revision was 35 (5–133) weeks, and in 
the 2-stage exchanges the median time was 26 (1–416) weeks. 
Follow-up after reimplantation was at 6, 12, and 26 weeks and 
at 1, 2, and 5 years—and every 5 years thereafter. 

Surgical procedure and antimicrobial therapy
Procedures were performed or supervised by 3 surgeons (TI, 
PEO, and MC). They were done either via an extended tro-
chanteric osteotomy (ETO, 58 hips, (Bircher et al. 2001)), 
a Hardinge approach (9 hips), or a transtrochanteric access 
(TT, 14 hips), depending on the type of the infected implant 
(cemented or uncemented), its stability (fi xed or loose), bone 
quality, and the surgeon’s preferences.

In 1-stage exchanges, old scars were excised. Afterwards, 
all foreign material was removed (implants, broken screws, 
bone cement, sutures, bone grafts). In addition, a thorough 
synovectomy was performed without removal of vital bone 
and soft tissue in order not to compromise function of the 
joint. Afterwards, the wound was rinsed with 3–5 L of poly-
hexanide (Lavasept) and antibiotic therapy was started accord-
ing to the microbiological results (Zimmerli and Clauss 2015). 
Drapes and instruments were not changed after removal of the 
infected implant in 1-stage procedures.

In 2-stage exchanges, a hand-made spacer was inserted in 
30 hips, using standard gentamicin cement (Palacos R+G; 
Heraeus, Weinheim Germany). A temporary Girdlestone pro-
cedure with soft-tissue extension was performed in 16 hips. In 
7 hips, the spacer was secondarily removed and converted to a 
Girdlestone situation, due to diffi cult-to-treat bacteria accord-
ing to the defi nitive microbiological results. Diffi cult-to-treat 
microorganisms included those that were  resistant to antibiot-
ics with good oral bioavailability, rifampin-resistant staphylo-
cocci, small-colony variants, enterococci, quinolone-resistant 
Gram-negative bacilli, and fungi (Trampuz and Zimmerli 
2005). All patients with diffi cult-to-treat microorganisms 
were managed with 2-stage exchange with a long interval (> 
8 weeks) and a 6-week antibiotic treatment by the intravenous 
route. 

For reimplantation, the same approach was used as for 
hardware removal. Either a monoblock (Wagner SL, n = 
59; 1-stage: 17; 2-stage: 42) or a modular (Revitan, n = 22; 
1-stage: 11; 2-stage: 11) distal anchoring titanium fl uted revi-
sion stem was used (both from Zimmer, Winterthur, Switzer-
land). Care was taken to achieve a distal anchoring length of at 
least 5 cm. Reaming was not conducted further than 1 cm past 
the planned tip of the stem. The reamer was checked for bone 
mill adherence, to ensure anchoring into vital bone (Ochsner 
2003). 45 acetabular-reinforcement rings (ARR; Muller) and 
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Figure 1. Surgical treatment algorithm for prosthetic joint infections. 
Modifi ed according to Trampuz and Zimmerli (2005).
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with 2-stage exchange with a short interval, antibiotics were 
not stopped before reimplantation, and treatment was contin-
ued for 3 months. Patients with 1-stage exchange or 2-stage 
exchange with a short interval were treated with biofi lm-active 
antibiotics, namely rifampin against staphylococci and a fl uo-
roquinolone against Gram-negative bacilli (Zimmerli et al. 
2004, Sendi and Zimmerli 2012). In staphylococcal PJI, oral 
rifampin was added to the intravenous treatment regimen as 
soon as the wound was dry, in order to avoid superinfection 
with a rifampin-resistant microorganism (Achermann et al. 
2013). After 2 weeks, rifampin was continued and the intra-
venous treatment was switched to an oral drug combination 
according to the susceptibility testing, usually including a 
fl uoroquinolone. In Gram-negative PJI, the initial intravenous 
therapy was switched to an oral fl uoroquinolone as soon as the 
wound was dry. In patients with 2-stage exchange and a long 
interval between, antibiotics were stopped after 6 weeks, i.e. 
at least 2 weeks before reimplantation. Patients undergoing 
2-stage exchange with a long interval were not treated with a 
biofi lm-active antibiotic if no material was left in place.

Radiological analysis
At each follow-up, a set of radiographs, according to our in-
house standard, was obtained, including an anterior-posterior 
(AP) pelvic view centered on the symphysis, a false-profi le 
view, and an AP view of the femur showing the whole prosthe-
sis. For analysis, all images were corrected for magnifi cation 
using the true size of the femoral head.

Acetabular defects were classifi ed according to Paprosky 
et al. (1994) and femoral defects were classifi ed according to 
Pak et al. (1993). Subsidence was measured as described by 

Callaghan et al. (1985). 5 mm or more was considered rele-
vant (Fink et al. 2014). Restoration of the proximal femur after 
ETO was classifi ed according to Bohm and Bischel (2004) 
and scored as: (A) increasing defects, (B) constant defects, 
(C) visible bone restoration, (D) good bone restoration (com-
plete restoration of the bone tube below the intertrochanteric 
region), or (E) excellent bone restoration (complete restora-
tion of the bone tube including the intertrochanteric region)) 
(Figure 2).

Progressive radiolucent lines of > 2 mm at the bone-stem 
interface were described with respect to their location, using 
10 modifi ed Gruen zones in both planes. For ETO, the zones 
were distributed distal to the osteotomy around the stem. For 
endofemoral or TT revisions, the zones were placed along the 
distal stem contact area. A stem was considered radiologically 
loose when there were progressive circumferential radiolucent 
lines or when there was progressive subsidence (> 5 mm) in a 
painful joint. On the acetabular side, progressive radiolucen-
cies of > 2 mm were classifi ed into 3 zones, as described by 
DeLee and Charnley.

Implant survival
The mean clinical follow-up time was 7 (2–15) years. The 
mean radiological follow-up time was 5 (2–15) years (1-stage: 
5 (2–12) years; 2-stage: 5 (2–15) years). 17 patients died after 
9 (3–15) years for reasons unrelated to the infection or sur-
gery. No patients were lost to follow-up or were excluded.

Event-free implant survival was calculated using Kaplan-
Meier survival analysis for various endpoints: (1) persistence 
of infection, (2) aseptic loosening of the stem, and (3) revision 
of any component for any reason. Persistence of infection was 

33 anti-protrusion cages (Burch-Schneider) 
were used in combination with a cemented 
low-profi le polyethylene (PE) cup (all from 
Zimmer, Winterthur, Switzerland), using 
standard gentamicin cement for cup fi xa-
tion (Palacos R+G). Implantation was per-
formed according to an established tech-
nique (van Koeveringe and Ochsner 2002, 
Ochsner 2003). In 3 hips, an Allofi t press-fi t 
cup was implanted (Zimmer, Winterthur, 
Switzerland). Postoperative mobilization 
was standardized with 15 kg partial weight 
bearing for 6 weeks, followed by stepwise 
increase up to full weight bearing within 
the 6 weeks that followed. In the case of an 
ETO, fl exion was restricted to 70° for the 
fi rst 6 weeks.

All patients underwent an antimicro-
bial treatment according to a previously 
described protocol (Zimmerli et al. 2004). 
Briefl y, during the fi rst 2 weeks, they were 
treated by the intravenous route, followed 
by oral therapy for 3 months. In patients 

Figure 2. 57-year-old male patient (2-stage exchange, ETO, Wagner SL, ARR). Girdlestone 
hip (a) due to diffi cult-to-treat bacteria (small-colony variant of S. aureus), postoperatively 
(b), and after 3 months (c). Complete remodeling of the proximal femur at 5 years (d).

  a   b   c   d
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assumed when at least 1 of the following criteria were ful-
fi lled: persistent local clinical signs of infection, lack of nor-
malization of C-reactive protein without any other explana-
tion, new sinus tract formation, early loosening of the implant 
(< 2 years), or detection of the same microorganism during a 
subsequent diagnostic or therapeutic procedure. 

Statistics 
For comparison of defect sizes and femoral remodeling in 2 
groups, the Mann-Whitney U-test was used. For comparison 
of subsidence and radiolucent lines in 2 different groups, either 
Fisher’s exact test or the chi-square test was used. Event-free 
survival was calculated using Kaplan-Meier survival analysis. 
This might overestimate the risk of revision compared to esti-
mates using competing-risk methods (Gillam et al. 2010), but 
the Kaplan-Meier estimates are clinically more meaningful 
and more straightforward to interpret for clinicians (Ranstam 
et al. 2011).

For comparison of event-free survival rates, a log-rank test 
was used. SPSS Statistics 23 was used. Statistical signifi cance 
was set at p < 0.05. 

Results 
Microbiology and antibiotic therapy for PJI
One-third of the episodes were caused by coagulase-negative 
staphylococci (CNS) and one-third by Staphylococcus aureus 
(S. aureus) (Table 1). No episodes were caused by a methicil-
lin-resistant S. aureus strain and no rifampin-resistant staphy-
lococci were encountered. 3 cases were caused by small-col-
ony variants that we considered diffi cult-to-treat, and these 
were treated with a 2-stage exchange with soft-tissue exten-
sion (Zimmerli et al. 2004). There was no change in the range 

of bacteria that we considered to be diffi cult-to-treat during 
the follow-up period. None of the patients were treated with 
suppressive antibiotics after the planned course. 

Re-revisions after treatment of PJI
There was no relapse of infection and there were no new epi-
sodes of infection in the group with 1-stage exchange. In the 
group with 2-stage exchange, there were 3 cases of persistent 
infection. The infections were diagnosed 6 months, 1 year, 
and 4 years after reimplantation, and the microorganisms 
were CNS (n = 1) or S. aureus (n = 2). 2 of these persistent 
infections were successfully treated with a second 2-stage 
exchange. In the third patient, PJI with S. aureus could not be 
controlled and emergency hip exarticulation was performed 
because of life-threatening sepsis. 

3 stems were revised for reasons not related to infection. 
2 in the 1-stage group were revised for aseptic loosening, 1 
after 0.7 years with excessive subsidence (26 mm; Wagner 
SL) and 1 after 5 years (Revitan). 1 hip in the 2-stage group 
was revised due to a fractured stem 7 years after implantation 
(Wagner SL). 

In 1 case with an extended cranial acetabular defect (2-stage 
exchange), the cup was revised twice for aseptic loosening—
after 3 and 6 years. Intraoperative samples from both revisions 
did not reveal any bacterial growth. 1 cup (in the same case as 
the fractured stem; see above) was revised 2 months after PJI 
revision for recurrent dislocation.

There was only 1 re-revision after 7 years (stem fracture 
after 7.2 years), and the results in the patients with longer fol-
low-up (up to 15 years) did not deteriorate.

Outcome analysis
The 7-year infection-free survival was 96% (95% CI: 92–100), 
100% for 1-stage revision and 94% for 2-stage revision (95% 
CI: 87–100) (Figure 3). Cure from infection was not statisti-
cally signifi cantly different after 1-stage and 2-stage proce-
dures (p = 0.2).

The 7-year survival for aseptic loosening of the stem was 
97% (95% CI: 93–100), 97% for 1-stage revision (95% CI: 
90–100) and 97% for 2-stage revision (95% CI: 92–100) 
(Figure 4). There was no statistically signifi cant difference 
between 1-stage and 2-stage procedures (p = 0.3), and no sig-
nifi cant difference between stem types (p = 0.5). 

The 7-year revision-free survival for any cause was 90% 
(95% CI: 83–97), 96% for 1-stage revision (95% CI: 90–100) 
and 87% for 2-stage revision (95% CI: 77–96) (p = 0.3) 
(Figure 5). 

Radiological results
Preoperative defects – before index surgery, acetabular and 
femoral defects were more severe in the 2-stage group than in 
the 1-stage group (p < 0.001) (Table 2). 

Subsidence (≥ 5 mm) was detected in 6 stems. It always 
occurred within the fi rst 3 months after implantation. No sta-

Table 1. Etiology of the 81 episodes of PJI. The total number of 
microorganisms was higher than the number of episodes, because 
14 episodes were polymicrobial

Bacteria Total no. 1-stage 2-stage

Coagulase-negative staphylococci 27 11 16
Staphylococcus aureus a,b 26 7 19
Streptococcus spp. 14 6 8
Propionibacterium acnes 9 3 6
Escherichia coli b 5 1 4
Pseudomonas aeruginosa a 2 0 2
Enterococcus faecalis a 2 0 2
Enterobacteriaceae 2 0 2
Morganella morganii 1 0 1
Proteus mirabilis 1 0 1
No growth   4 1 3

a Diffi cult-to-treat microorganisms as defi ned by Zimmerli et al. 
(2004) and Trampuz and Zimmerli (2005).

b 1 Escherichia coli strain and 2 Staphylococcus aureus strains were 
small-colony variants (Sendi et al. 2006) that were also defi ned as 
diffi cult-to-treat (see above).
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tistically signifi cant difference was found between stem types 
(4 Wagner SL and 2 Revitan; p = 0.7) and types of revision 
(3 were 1-stage revisions and 3 were 2-stage revisions; p = 
0.41). 1 subsided stem (Wagner SL, 1-stage) was re-revised 
for aseptic loosening. In the other 5 stems, no revision was 
performed—the reasons being patient refusal, the poor gen-
eral condition of the patient, having only subtle symptoms, or 
lack of symptoms. 

Femoral remodeling – in 3 patients, remodeling was not 
listed due to missing radiographs after index surgery. After 
ETO (n = 58), proximal femoral remodeling was excellent 
(n = 32) or good (n = 9) in two-thirds of the episodes. Only 
visible bone restoration was observed in 9 hips. Constant (n 
= 4) or even increasing bone defects (n = 1) were found in 
one-tenth of the stems. No statistically signifi cant differences 

were found between stem types (p = 0.3) and between 1- and 
2-stage exchange (p = 0.2). 

Radiolucent lines around the stem were observed in 8 
implants (5 Wagner and 3 Revitan; 2 one-stage and 6 two-
stage). On the acetabular side, a radiolucent line was observed 
in 2 implants. In one cup (2-stage procedure; Allofi t press-
fi t cup), the stem (Revitan) had a radiolucent line too; both 
components were revised for aseptic loosening 5 years after 
implantation without evidence of persistent or new PJI. The 
second case (ARR, 2-stage, Wagner SL) showed persistence 
of infection and underwent another 2-stage exchange. Of the 
implants that were not re-revised, none were rated as being 
radiologically loose according to the above-mentioned criteria.

Discussion 

PJI is one of the most devastating complications after THA. 
Surgical treatment strategies include implant retention, 1-stage 
exchange, 2-stage exchange, and resection arthroplasty. The 
optimal management strategy is the least invasive one that 
will result in complete elimination of the microorganism(s) 
and preservation of good joint function (Zimmerli et al. 2004). 
According to the results presented here, cure of infection, 
implant survival, and radiological outcome were similar for 
both 1-stage and 2-stage exchange in patients treated accord-
ing to our algorithm. Thus, an uncemented stem could be 
implanted without compromising the elimination of microor-
ganisms and the fi xation of the implant.

We started to use our algorithm in 1993. After publication, 
it became a well-established treatment protocol (Zimmerli et 
al. 2004, Osmon et al. 2013). In the present study we found an 
overall success rate for infection-free survival of 96% (95% 

Figure 5. Kaplan-Meier survival with revision 
for any reason as endpoint after 7 years was 
96% (95% CI: 90–100) for 1-stage exchange 
and 87% (95% CI: 77–96) for 2-stage 
exchange. There was no statistically signifi -
cant difference between the groups (p = 0.3).

Figure 3. Kaplan-Meier survival with revision 
for infection as endpoint after 7 years was 
100% for 1-stage exchange and 94% (95% CI: 
87–100) for 2-stage exchange. There was no 
statistically signifi cant difference between the 
groups (p = 0.2).

Figure 4. Kaplan-Meier survival with revision 
for aseptic stem loosening as endpoint after 7 
years was 96% (95% CI: 90–100) for 1-stage 
exchange and  97% (95% CI: 92–100) for 
2-stage exchange. There was no statistically 
signifi cant difference between the groups (p = 
0.8).

Table 2. Distribution of acetabular and femoral defects

 Total no. 1-stage 2-stage

Acetabular defects, classifi cation according to Paproski et al. (1994)
 0 26 17 9
 1 8 3 5
 2A 17 4 13
 2B 4 1 3
 2C 20 4 16
 3A 5 0 5
 3B 1 0 1
Femoral defects, classifi cation according to Pak et al. (1993) 
 0 3 2 1
 I 7 4 3
 II 39 20 19
 IIIA 30 3 27
 IIIB 2 0 2
 IV 0 0 0
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CI: 92–100), which is rather high compared to the literature, 
where 70%-100% has been reported (Table 3). The high suc-
cess rate with 1-stage exchange is because of the algorithm, 
which excludes patients with risk factors for failure (Figure 
1). In addition, in all patients undergoing 1-stage exchange, 
a biofi lm-active antimicrobial agent has been used (rifampin 
against staphylococci and a fl uoroquinolone against Gram-
negative bacilli). Each patient with suspected PJI was dis-
cussed by the multidisciplinary team before surgery and on 
regular rounds in the specialized unit. 

Concerning aseptic loosening of the stem, we found an 
excellent 7-year survival of 97% (95% CI: 93–100), which 
is comparable to the fi gures of 92% and 99% reported for 
uncemented revision stems used in cases of aseptic loosening 
(Bohm and Bischel 2004, Regis et al. 2011, Fink et al. 2014, 
Baktir et al. 2015).

The long-term success of cementless revision stems requires 
good primary stability without subsidence, due to suffi cient 
press-fi t fi xation and a stable ingrowth of the implant (i.e. sec-
ondary stability). For the Revitan and Wagner SL stems, the 
rate of subsidence of more than 5 mm has been reported to be 
around 3% in aseptic revisions (Regis et al. 2011, Fink et al. 
2014). In our series, we found a frequency of approximately 
7%—which always occurred within the fi rst 3 months after 
implantation. The slightly higher rate might be due to a more 
distal and less even bone preparation due to removal of dis-
tally well-fi xed implants and cement, or delayed osteointegra-
tion in an osteomyelitic femur. This highlights the importance 
of meticulous preparation of the bone bed in the distal femur, 
as previously described (Ochsner 2003).

Proximal femoral remodeling after osteotomy (ETO and 
TT) was good or excellent in two-thirds of the hips. Similar 
remodeling is reported in patients with aseptic revisions (Fink 
et al. 2011, Drexler et al. 2014, Megas et al. 2014, Baktir et 

al. 2015). Thus, bone healing is not compromised, despite the 
invasiveness of the approach and the presence of infection. 
This is an important fi nding, since we see the controlled oste-
otomy of the femur as a step that is crucial for the success 
of treatment. It facilitates proper debridement of the femoral 
canal and complete removal of distal cement and plug. Fur-
thermore, it makes distal reaming manageable, ensuring distal 
anchoring of the stem into a vital bone stock—and it does not 
compromise function (Ochsner 2003, De Man et al. 2011).

In summary, surgical management of PJI with stratifi cation 
to 1- or 2-stage procedures in accordance with our algorithm 
(Zimmerli  et al. 2004), combined with appropriate antimi-
crobial therapy (Sendi and Zimmerli 2012), allows the safe 
use of uncemented revision stems even in the case of 1-stage 
procedures. Implant survival seems to be comparable to that in 
revisions for aseptic loosening. 
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