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Abstract

Background The rate of infection control for one-stage

revision of infected knee arthroplasties is unclear as are the

factors influencing infection control. Such factors include

duration of infection and the type of infected prosthesis.

Questions/purposes We therefore determined: (1) the rate

of infection control with one-stage revision of septic knee

prostheses, (2) the clinical knee scores that can be

achieved, (3) whether the duration of infection or the type

of prosthesis influence the level of infection control, and

(4) whether different types of prostheses influence the knee

scores.

Methods We retrospectively reviewed prospectively col-

lected data from 63 patients who underwent one-stage

revisions of septic knee endoprostheses (six unicondylar,

37 primary total knee replacement prostheses, and 20

hinged knee endoprostheses) between 2004 and 2006. All

were treated locally and systemically with microorganism-

specific antibiotics. For this study we excluded patients

with Methicillin-resistant Staphylococcus aureus and

Methicillin-resistant Staphylococcus epidermidis or

unknown microorganisms. The patients were examined for

infection every 3 months and Oxford and Knee Society

scores were assessed at the same time. The minimum fol-

lowup was 24 months (mean followup, 36 months; range,

24–70 months).

Results None of the patients with replacement uni-

condylar and primary total knee replacement prostheses

had recurrence of infection. Three of the 20 patients with

the hinged infected knee prostheses had recurrences; these

three patients had chronic infections and had undergone

two to three revision operations during at least a 5-year

period. The likelihood of infection control was influenced

by the duration of infection. The mean Knee Society knee

score 24 months after surgery was 72 points (range, 20–98

points), the Knee Society function score was 71 points

(range, 10–100 points), and the Oxford-12 knee score was

27 points (range, 13–44 points).

Conclusions One-stage revision of septic knee pros-

theses achieved an infection control rate of 95% and

higher knee scores than reported for two-stage revisions.

Higher rates of recurrent infection appeared to be

associated with long-term chronic infections of hinged

prostheses.
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Introduction

Although relatively infrequent, a periprosthetic infection is

a serious complication of primary knee arthroplasties, with

an incidence of approximately 1% [34, 36, 45, 47]. In some

studies, these infections have been cited as the most fre-

quent cause of failure during the first 5 years after

prosthesis implantation [15, 48, 50, 56]. Late infection

occurring after 4 weeks of implantation usually requires

complete revision [12, 32].

The two-stage revision of septic implants is the most

common procedure for treating infected prostheses [16, 20,

25, 28, 32, 42] and involves temporary placement of an

antibiotic-loaded cement spacer. In the case of infected

total knee endoprostheses, this procedure can lead to a rate

of infection control between 91% and 96% [28, 32, 42].

Some authors prefer a mobile spacer during the interim

phase because the knee can remain mobilized, reimplan-

tation of the prosthesis is easier than with static spacers,

and the loss of bone compared with static spacers

during the spacer period is less [7, 16, 20, 25, 28, 32, 42].

One-stage revisions of septic prostheses have been

reported only from a few centers [6, 23, 40, 52, 56]. The

arguments for this procedure focus on the fact that only one

operation is necessary, with presumably less morbidity,

lower cost, and faster restoration of functionality. von

Foerster et al. [57] first reported on this procedure, with

infection control of 73% in 104 cases. Other retrospective

studies with eight to 21 patients had higher rates of

infection control between 87% and 93% [6, 23, 40, 52]

(Table 1). Patients with infections caused by methicillin-

resistant Staphylococcus aureus (MRSA) or methicillin-

resistant Staphylococcus epidermidis (MRSE) were not

included in these studies; infections with these pathogens

generally have lower rates of infection control than peri-

prosthetic infections with other pathogens [10, 31, 38, 39].

None of these studies report function (as reflected by knee

scores) or analyses of potential factors that influence the

rate of infection control after one-stage revisions.

According to published data [8, 9, 27, 49], factors that

potentially influence the rate of infection control could be

the duration of infection and the type of infected prosthe-

ses; hinged prostheses, for example, are associated with

high infection rates [8, 27, 49].

We therefore determined: (1) the rate of infection con-

trol with one-stage revision of septic knee prostheses,

(2) the clinical knee scores that can be achieved, (3)

whether the duration of infection or the type of prosthesis

influences the level of infection control, and (4) whether

different types of prostheses influence the knee scores.

Patients and Methods

We retrospectively reviewed the records of prospectively

collected data for 63 patients who underwent one-stage

revision surgery for infected knee prostheses between July

2004 and February 2006. During that time, we treated a

total of 72 patients with infected prostheses. The indica-

tions for one-stage revision were: (1) known micro-

organism with an antibiotic susceptibility profile and

(2) wounds that could be closed during surgery. The con-

traindications were: (1) an unknown microorganism (two

cases), (2) wound defects that could not be closed during

surgery (one case), and (3) patients with infections caused

by MRSA or MRSE (six cases) because these were not

considered in other studies of one-stage revisions, and the

fact that these microorganisms generally were associated

with a lower rate of infection control [6, 10, 23, 31, 38–40,

53, 57]. The nine excluded patients left 63 included in the

study, 32 women and 31 men, with an average age of

70.7 ± 10.5 years (range, 31–89 years). The mean lifetime

of their implants was 37.2 ± 36.5 months (range, 3–

170 months). There were six infected unicondylar pros-

theses replaced with a primary total knee replacement

prosthesis with retropatellar replacement (Innex; Zimmer

GmbH, Winterthur, Switzerland) (Group 1), 37 infected

primary total knee replacement prostheses replaced with

rotating hinged prostheses (Roknep; Waldemar Link,

Norderstedt, Germany) (Group 2), and 20 infected hinged

Table 1. Results of septic one-stage revisions

Study Number of

patients

Followup

(months)

Rate of

infection control

Score Flexion

von Foerster et al. [57] 104 75.5 73.1% – –

Lu et al. [40] 8 20.1 87% –

Göksan & Freeman [23] 18 60 89% – 87�
Buechel et al. [6] 21 122.4 91% 79.5 points (New Jersey Orthopaedic

Hospital knee score)

Sofer et al. [54] 15 18.4 93% 116.4 points (Knee Society score)

Current study 63 35.9 95% 144.1 points (Knee Society score) 114�
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prostheses replaced with hinged prostheses again or with

modular rotating hinged prostheses (Roknep and modular

Roknep; Waldemar Link) (Group 3). None of the patients

in Groups 1 or 2 had undergone previous septic revision

surgery. In Group 3, six of the 20 patients had undergone

previous septic revision surgery (three had one revision,

two had two revisions, and one had three two-stage revi-

sions) (Table 2). The minimum followup was 24 months

(mean, 36 months; range, 24–70 months). No patients

were lost to followup before the minimum followup. All

patients were recalled specifically for this study and anal-

yses. All subjects gave informed consent to participate in

the study and the protocol was approved by the research

ethics board of our hospital.

The demographic data show some differences between

the groups with respect to age and BMI (Table 2). Patients

in Group 1 were younger than patients in Groups 2 and 3

(p = 0.001 and p = 0.002, Tukey’s Honestly Significant

Difference [HSD] test). Patients of Groups 1 and 3 had

lower BMI than patients in Group 3 (p = 0.006 and

p = 0.022, Tukey’s HSD test).

The responsible bacteria were identified in presurgical

biopsy specimens as described previously [18] (Table 3).

Table 2. Demographic data and potential risk factors for reinfection of the different groups

Demographic data Group 1

(unicompartmental

prostheses) (n = 6)

Group 2 (primary total

knee replacement

prostheses) (n = 37)

Group 3 (rotating

hinged prosthesis

with and without

reinfection) (n = 20)

Group 3 (rotating

hinged prostheses

without reinfection)

(n = 17)

Group 3 (rotating

hinged prostheses

with reinfection)

(n = 3)

Age (years) 57 ± 15 71 ± 8.3 74 ± 9.6 75 ± 10 73 ± 7.6

BMI 26 ± 2.3 31 ± 4.0 28 ± 3. 6 28 ± 3.5 29 ± 4.4

Men 4 14 13 10 3

Women 2 23 7 7 0

Septic revisions before

(number of patients)

0 0 6 3 3

Two-stage revisions 0 0 10 3 7

Fistula 0 2 7 4 3

Anemia 0 11 7 5 2

Urinary tract infection 0 2 1 1 0

Smoking 0 4 1 1 0

Thyroid disease 0 5 2 2 0

Vascular disease 0 3 5 4 1

Diabetes mellitus 1 6 6 4 2

Insulin use 0 4 1 1 0

Coronary heart disease 1 10 7 7 0

Heart insufficiency 0 13 7 7 0

Hypertonus 2 27 15 12 3

Rheumatoid arthritis 0 3 1 1 0

Lung disease 0 3 2 2 0

Steroid/immunosuppressive

therapy

0 5 2 2 0

Hyperuricemia 0 4 2 1 1

Hyperlipidemia 0 7 6 6 0

ASA I + II 6 32 17 14 3

ASA III + IV 0 5 3 3 0

ASA = American Society of Anesthesiology.

Table 3. Identified pathogens

Pathogen Percentage

(number of

patients)

Staphylococcus epidermidis 30% (19)

Staphylococcus aureus 24% (15)

Staphylococcus hominis 11% (7)

Enterococcus faecalis 10% (6)

Staphylococcus capitis 6% (4)

Staphylococcus haemolyticus 6% (4)

Streptococcus 5% (3)

Propionibacterium acnes 8% (5)
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Briefly, the biopsy specimens were obtained using arthro-

scopic biopsy forceps introduced via a small anterolateral

approach, typical for arthroscopy, and were taken from the

synovial lining and the periprosthetic tissue in different

areas of the knee, close to the prosthesis. At least five

samples were incubated for 14 days for microbiologic

analysis and five samples were examined histologically.

Infections involving two pathogens were identified in

11 cases (33%). Our microbiologist (LF) identified antibi-

otics specific for the microorganisms concerned. These

antibiotics were mixed into the cement used to fix the

prosthesis (Table 4). Previous studies have found antibi-

otics affect each other’s elution from the cement: the use of

two antibiotics results in a synergistic effect in antibiotic

release and the release of the individual components is

greater than that of single antibiotics [1, 2, 14, 46, 53].

Therefore, we always used at least two antibiotics in the

cement. Copal1G+C bone cement (Heraeus Medical,

Wehrheim, Germany), which contains gentamicin and

clindamycin, was used for the spacer if the microorganism

was sensitive to gentamicin and clindamycin and because

of the synergistic effect on the release of each antibiotic

(28 cases) [14]. If the pathogens were resistant to one or

both of these antibiotics, a supplement of 2 g vancomycin

was added to 42.7 g Copal1G+C cement during the

operation (27 cases). Copal1G+C cement was still used in

these cases because release of both antibiotics from this

bone cement is prolonged and Copal1G+C acts more

effectively on biofilm formation as compared with genta-

micin-loaded bone cement alone or other cement [14, 43].

In case of allergy to clindamycin, other antibiotics were

added to the gentamicin-loaded bone cement chosen

according to the specific susceptibility of the microorgan-

isms (Table 4). Two antibiotics were used in the cement in

31 cases and three in 32 cases (Table 4); however, the total

amount of antibiotic powder added to the cement was never

more than 10% of the amount of cement powder because

the mechanical properties of the cement otherwise would

be compromised [30].

The revisions were performed by one of two experi-

enced surgeons (JS, BF). During surgery, excision of the

old wound and existing fistula (nine cases) was performed.

A radical total synovectomy, débridement of all macro-

scopically suspicious tissue, and removal of all foreign

material (implants and cement) were done. This was fol-

lowed by lavage for approximately 3 minutes at least twice

with 1 L antiseptic fluid for mucous membranes (Octine-

sept1, Schülke & Mayr GmbH, Norderstedt, Germany)

each time. Thereafter 1 L of saline was used to clean the

wound. Before reimplantation of the prosthesis, gloves and

instruments were changed and the skin around the wound

was disinfected again. Because we saw that radical débri-

dement of knees with primary total knee replacement

prostheses and hinged prostheses often resulted in liga-

mentous instability with mismatch of the flexion and

extension gap, rotating hinged prostheses were chosen for

reimplantation in these patients.

Physiotherapy began on the first postoperative day

including mobilization using crutches with full weight-

bearing and isometric exercises of the muscles of the leg

for antithrombotic prophylaxis and strengthening of the

muscles. Wound drainage tubes were removed on the

second postoperative day and thereafter physiotherapy

started to move the joint with free movement and passive

motion machines. Stair climbing was started on the fifth

postoperative day and further exercises to strengthen the

muscles during the second postoperative week. Additional

systemic antibiotics were given for 6 weeks, intravenously

for the first 2 weeks after surgery (Table 5), immediately

followed by oral antibiotics for 4 weeks. Thirty-two

patients (50.8%) were treated with two antibiotics. Lin-

ezolid was administered for infections (six) caused by

multidrug-resistant Enterococcus.

One of us not involved in the surgery (AM) examined the

patients clinically and radiographically every 3 months for

the first 2 years after reimplantation surgery and thereafter

every 6 months. Inflammatory parameters (C-reactive pro-

tein [CRP]) also were monitored. According to Haddad

Table 4. Antibiotic cocktails included in the bone cement

Package size of

bone cement

Antibiotic 1 Antibiotic 2 Antibiotic 3 Number

of patients

42.7 g* Gentamicin 1.0 g Clindamycin 1.0 g 28

42.7 g* Gentamicin 1.0 g Clindamycin 1.0 g Vancomycin 2.0 g 27

40 g� Gentamicin 0.5 g Vancomycin 2.0 g Ofloxacin 1.0 g 2

40 g� Gentamicin 0.5 g Vancomycin 2.0 g Ampicillin 1.0 g 2

40 g� Gentamicin 1.0 g Vancomycin 3.0 g 2

42.7 g* Gentamicin 1.0 g Clindamycin 1.0 g Ofloxacin 1.0 g 1

40 g� Gentamicin 1.0 g Ofloxacin 2.0 g 1

* Copal1G+C (Heraeus Medical GmbH, Wehrheim, Germany). The package size is 42.7 g cement containing 1.0 g gentamicin and 1.0 g

clindamycin; �Palacos1R+G (Heraeus Medical GmbH, Wehrheim, Germany). The package size is 40.0 g cement containing 0.5 g gentamicin.
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et al. [28] and Zimmerli et al. [58], a patient could be judged

infection-free at followup if he or she was free of clinical

signs for infection (fever, local pain, redness, warmth, sinus

tract infection), had a CRP level less than 10 mg/dL, and

showed no radiographic signs of osteolysis. The mean fol-

lowup was 35.9 ± 8.1 months and the minimum followup

was 24 months. We assessed functionality using the Knee

Society (KS) scores (KS, 200 points possible) with the KS

knee (100 points possible) and function (100 points possi-

ble) scores [35] and the Oxford knee score [13].

Two of us (JS, AM) independently evaluated all radio-

graphs for osteolysis. We considered any osteolysis or any

progressive radiolucencies observed during the followup

period to be indicative of infection [28, 58]. The intraclass

and interclass correlation coefficients for radiographic

determination of progressive radiolucencies were 0.99 and

0.98, respectively.

The reinfection rate was given descriptively as the ratio of

patients with any reinfection to all patients under study. The

duration of the original infection was compared between

patients who had recurrence of infection and patients who

did not have reinfection, using the nonparametric Mann-

Whitney test (a normal distribution was questionable). The

times of functional indices were analyzed separately for the

three groups of patients with different types of prostheses

descriptively (mean, SD). Differences between these groups

were tested with one-way ANOVA (omnibus test) for each

time observed. Pair-wise differences between the three

groups were tested with Tukey’s HSD test. The chi-square

test was used for comparison of nominal variables between

groups. Data were analyzed with the SPSS statistical pack-

age (Version 11.0; SPSS Inc, Chicago, IL, USA).

Results

None of the patients in Groups 1 and 2 experienced rein-

fection. Three of the 20 patients in Group 3 (infected

hinged prostheses) had reinfections after revision surgery.

These data calculate to a rate of infection control of 100%

for Groups 1 and 2, 85% for Group 3, and 95% for all

patients.

We observed improvement in the clinical scores in all

60 patients who did not have a reinfection. The mean

preoperative KS knee score was 22, KS mean function

score 21, and mean Oxford-12 score 48 (Table 6). Twenty-

four months after surgery, the mean KS knee score was 72,

mean KS function score 71 ± 20 (Fig. 1), and mean

Oxford-12 knee score 27 (Fig. 2). The mean degree of

flexion 2 years after surgery was 104� ± 11�.

All of the patients with infection recurrence had infected

prostheses for at least 5 years and had undergone septic

revision surgery several times at other institutions (two

patients with two two-stage revision operations and one

patient with three two-stage revision operations). Previous

septic revision surgery occurred more often in patients with

reinfected hinged prostheses than in patients with hinged

prostheses without reinfection (p = 0.004). After extensive

debridement and removal of the infected tibial tuberosity,

all three reinfections underwent septic arthrodesis with an

arthrodesis rod; as a result, no additional reinfections

occurred. The duration of the original infection in the

patients who had a recurrence of infection was 60 ±

8.1 months and was longer (p = 0.046) than the 32 ±

23 months for patients who did not have reinfections.

Group 1 had better scores at all times than Group 3 and

better data than Group 2 at many of the followups

(Table 6). Group 2 scores were only slightly better than

those of Group 3 (Table 6). Twenty-four months after

septic revision, flexion was best in Group 1, followed by

Group 2, and then Group 3.

In Group 2, three more operations were performed: one

patient had debridement of wound necrosis with secondary

closure and two had manipulation under anesthesia owing

to flexion less than 90� at the 6-week followup. In Group 3,

apart from the three patients who had revision surgeries, an

additional two patients had débridement for wound

necrosis and three had manipulations under anesthesia.

Discussion

The rate of infection control for one-stage revision of

infected knee arthroplasties is unclear: the only study with

a reasonable number of cases [57] had a low rate of 73%,

whereas other studies with higher rates between 87% and

91% were based on only eight to 21 patients [6, 23, 40, 52,

57]. Moreover, the function of these patients and potential

factors influencing the rate of infection control are

unknown. We therefore determined: (1) the rate of infec-

tion control with one-stage revision of septic knee

Table 5. Systemic antibiotics

Antibiotic Percentage (number

of patients)

Flucloxacillin 24% (15)

Rifampicin 43% (27)

Vancomycin 24% (15)

Ampicillin + sulbactam 8% (5)

Ciprofloxacin 29% (18)

Imipinem + cilastatin 22% (14)

Cefuroxime 17% (11)

Clindamycin 3% (2)

Linezolid 9% (6)

Penicillin G 5% (3)
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prostheses, (2) the clinical knee scores that can be

achieved, (3) whether the duration of infection or the type

of prosthesis influence the level of infection control, and

(4) whether different types of prostheses influence the knee

scores.

This study has numerous limitations. First, we had a

relatively short followup. Although reinfections have been

described for single cases up to 5 years after implantation,

in general they are observed within the first 2 postoperative

years [24, 29, 31, 39, 57]. Second, Groups 1 to 3 differ in

size, and for age and BMI of the patients, so they are not

comparable for every parameter. However the treatment

was the same for all patients, only the type of prosthesis

differed between groups; therefore, we believe that sepa-

rate descriptions of infection and clinical scores for these

groups are appropriate. Third, this is a descriptive study

and the number of reinfections was too small to perform

multivariate analysis to analyze influencing factors on the

rate of infection control and to obtain conclusive infor-

mation; the statistical tests we used to compare groups do

not control for confounding variables. However, the dif-

ferences in age and BMI were between patients in Group 1

Table 6. Knee Society knee and function scores and Oxford scores

Parameter Number

of patients

Group 1 Group 2 Group 3 Group 1 $
Group 2

Group 1 $
Group 3

Group 2 $
Group 3

Knee score preoperative 63 47 ± 21 22 ± 17 14 ± 13 p = 0.002 p = 0.001 p = 0.138

Knee score 3 months postoperative 63 67 ± 16 55 ± 15 47 ± 16 p = 0.074 p = 0.015 p = 0.063

Knee score 6 months postoperative 63 78 ± 13 66 ± 17 69 ± 19 p = 0.112 p = 0.038 p = 0.203

Knee score 9 months postoperative 63 79 ± 16 71 ± 18 62 ± 17 p = 0.29 p = 0.049 p = 0.104

Knee score 12 months postoperative 63 84 ± 15 73 ± 7 67 ± 15 p = 0.147 p = 0.054 p = 0.246

Knee score 18 months postoperative 63 83 ± 16 74 ± 17 66 ± 20 p = 0.199 p = 0.068 p = 0.147

Knee score 24 months postoperative 63 85 ± 15 73 ± 16 67 ± 20 p = 0.095 p = 0.07 p = 0.288

Knee score 30 months postoperative 49 83 ± 17 72 ± 18 66 ± 22 p = 0.178 p = 0.105 p = 0.323

Knee score 36 months postoperative 38 84 ± 15 72 ± 17 66 ± 22 p = 0.148 p = 0.115 p = 0.417

Knee score 42 months postoperative 22 94 ± 3 76 ± 14 72 ± 17 p = 0.057 p = 0.069 p = 0.558

Knee score 48 months postoperative 10 90 ± 4 73 ± 12 73 ± 16 p = 0.062 p = 0.071 p = 0.579

Function score preoperative 63 48 ± 16 21 ± 17 13 ± 14 p = 0.001 p \ 0.001 p = 0.088

Function score 3 months postoperative 63 73 ± 21 56 ± 18 43 ± 21 p = 0.031 p = 0.008 p = 0.0296

Function score 6 months postoperative 63 83 ± 15 67 ± 18 56 ± 25 p = 0.054 p = 0.0246 p = 0.0872

Function score 9 months postoperative 63 86 ± 19 70 ± 19 59 ± 23 p = 0.058 p = 0.0195 p = 0.081

Function score 12 months postoperative 63 84 ± 18 73 ± 17 62 ± 22 p = 0.158 p = 0.0383 p = 0.0474

Function score 18 months postoperative 63 84 ± 17 73 ± 17 62 ± 24 p = 0.134 p = 0.0508 p = 0.079

Function score 24 months postoperative 63 85 ± 17 73 ± 17 64 ± 24 p = 0.12 p = 0.0612 p = 0.1211

Function score 30 months postoperative 49 85 ± 19 72 ± 18 63 ± 23 p = 0.123 p = 0.0553 p = 0.1554

Function score 36 months postoperative 38 87 ± 17 73 ± 18 62 ± 25 p = 0.121 p = 0.056 p = 0.151

Function score 42 months postopertive 22 95 ± 9 78 ± 15 68 ± 20 p = 0.09 p = 0.07 p = 0.275

Function score 48 months postoperative 10 85 ± 11 72 ± 16 77 ± 20 p = 0.099 p = 0.079 p = 0.285

Oxford score preoperative 63 40 ± 4 48 ± 6 50 ± 7 p = 0.004 p = 0.003 p = 0.387

Oxford score 3 months postoperative 63 30 ± 3 36 ± 6 38 ± 7 p = 0.01 p = 0.018 p = 0.427

Oxford score 6 months postoperative 63 24 ± 5 32 ± 7 33 ± 7 p = 0.009 p = 0.017 p = 0.781

Oxford score 9 months postoperative 63 22 ± 6 30 ± 7 32 ± 6 p = 0.005 p = 0.001 p = 0.43

Oxford score 12 months postoperative 63 20 ± 7 30 ± 7 31 ± 7 p = 0.003 p = 0.0066 p = 0.578

Oxford score 18 months postoperative 63 20 ± 7 28 ± 8 30 ± 7 p = 0.021 p = 0.007 p = 0.309

Oxford score 24 months postoperative 63 20 ± 7 28 ± 7 29 ± 9 p = 0.007 p = 0.029 p = 0.736

Oxford score 30 months postoperative 49 20 ± 8 28 ± 7 29 ± 8 p = 0.024 p = 0.024 p = 0.433

Oxford score 36 months postoperative 38 20 ± 8 28 ± 8 32 ± 9 p = 0.029 p = 0.017 p = 0.213

Oxford score 42 months postoperative 22 19 ± 10 27 ± 8 30 ± 9 p = 0.131 p = 0.128 p = 0.474

Oxford score 48 months postoperative 10 20 ± 10 29 ± 8 29 ± 9 p = 0.14 p = 0.132 p = 0.482

Flexion 24 months postoperative (�) 63 120 ± 4 106 ± 9 94 ± 10 p = 0.001 p \ 0.001 p \ 0.001

$ = Pair-wise comparison between the three groups with Tukey’s Honestly Significant Difference (HSD) test.
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and the others but not between patients with and without

reinfection. Because of these statistical limitations, the

results should be interpreted with caution and other factors

influencing the rate of reinfection might not necessarily

have been identified.

The one-stage revision procedure led to an infection

control rate of 95%, which is comparable to the rate

resulting from two-stage revision. Rates of infection con-

trol for two-stage revisions have been reported between

89% and 96% [20, 22, 28, 32, 41, 42]. Bengtson and

Knutson [4] analyzed data from the Swedish Register and

found no difference between the infection control rates

after one-stage or two-stage procedures. Similarly, Jämsen

et al. [37] found no difference in control of infections after

a search of relevant publications.

We found a mean KS score (200 points possible) of

144 points after 2 years followup and 149 points after 4 years

followup. These data are comparable to the results reported

by Buechel et al. [6], with a mean of 79 points (with the

New Jersey Orthopaedic Hospital knee score, 100 points

possible) and better than the mean results reported by Sofer

et al. [54] with 116 points (KS score) for one-stage septic

revision surgery (Table 1). They also are better than results

reported for two-stage revision surgery in studies using the

same clinical scoring that we used (Table 7). Freeman et al.

[20] implanted mobile spacers and reported a mean KS pain

score of 45 points of a possible 50 and a KS function score of

70 points after a followup of 71 months. Barrack et al. [3]

reported a mean KS total score of 115 points and a KS

function score of 33 points; Haalem et al. [29] reported a mean

KS knee score of 89 points and a KS function score of

50 points after 7.2 years; and Meek et al. [42] reported a mean

Oxford-12 score of 67.3 points after 2 years. The average

flexion of the knee after two-stage revision surgery is report-

edly between 87� and 106� and most of the time there was a

slight extension deficit of 5� [3, 15, 28, 29, 32, 42] (Table 7).

Fig. 1 The Knee Society scores

after one-stage revision of septic

knee arthroplasties are shown for

the complete collective (n =

number of patients examined)

Fig. 2 The Oxford knee scores

after one-stage revision of septic

knee arthroplasties are shown for

the complete collective (n =

number of patients examined)
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These data were slightly worse than those from our study:

104� ± 11� flexion (between 93� and 115�).

We found the type of infected implant plays a role in the

outcome of one-stage septic revision surgery. Thus, one-

stage revision of infected unicondylar and primary total

knee replacement prostheses did not lead to any reinfec-

tions, whereas infected hinged prostheses were associated

with a reinfection rate of 15%. This is in agreement with

other studies showing higher infection rates between 6.9%

and 13% for hinged prostheses in primary and revision

arthroplasties [8, 27, 49]. In accordance with Cierny and

DiPasquale [9], we found that duration of the infection is

an important influencing factor for control of infection. In

the current study it was apparent that all patients who had

recurring infections had experienced chronic infections for

several years before, therefore it can be assumed that these

patients had osteomyelitis of the long bones. In these

patients, the infection could be eradicated only after radical

debridement with removal of the tibial tuberosity required

for attachment of the extensor musculature and subsequent

arthrodesis. We believe arthrodesis was indicated in our

patients because of involvement of the tibial tuberosity

with osteomyelitis. We still perform a one-stage procedure

for the first revision of infected hinged prostheses, with

implantation of a rotating hinged prosthesis, but change to

two-stage revisions if the periprosthetic infection of the

hinged prostheses lasted longer than a year and more than

one septic revision was done previously. Even though

hinged prostheses are associated with higher reinfection

rates, we use them for reimplantation after septic revision

of primary total knee replacement prostheses because we

observed that radical débridement led to ligamentous

instability with mismatch of the flexion and extension gap

and a high risk of dislocation if semiconstrained prostheses

were used [8, 9, 27, 49].

Concerning the type of infected prosthesis, we found

one-stage revision of a unicompartmental prosthesis to a

total knee replacement prosthesis gives slightly better

clinical scores than one-stage revision of an infected total

knee replacement prosthesis to a hinged prosthesis, and

substantially better clinical scores than one-stage exchange

of a hinged prosthesis to another hinged prosthesis. The

second group had only slightly higher clinical scores than

the latter group.

We believe a prerequisite for the success of this one-

stage procedure is isolation of the organism(s) from pre-

viously obtained aspirated fluid or biopsy material. This is

followed by determination of their antibiotic susceptibility

so that an organism-specific mixture of antibiotics can be

added to the bone cement and specific local antibiotic

treatment initiated [53, 56]. It is important for the fluid or

tissue sample to be incubated for 14 days [17, 18, 26, 51].

This long incubation period is recommended because the

pathogens causing the periprosthetic infection usually

occur in very small numbers in the form of a biofilm and

often are in a sessile state that is characterized by a slow

rate of reproduction [11, 21, 26, 44, 47]. One analysis of

110 infected hip and knee endoprostheses showed the

culture detection rate after 7 days, the longest incubation

period reported in most studies, was 73.6%. To identify all

infections, it was important to culture for at least 13 days

[51]. Second, we believe rigorous removal of all foreign

material and radical débridement of inflamed and necrotic

tissues, including a total synovectomy during the operation,

Table 7. Results of septic two-stage revisions

Study Number

of patients

Followup

(months)

Rate of

infection control

Score Flexion

Freeman et al. [20] 28 static 86.6 92% 50 (KS knee score)

+ 45 (KS function score)

–

48 articulating

spacers

62.2 95% 45 (KS knee score)

+ 70 (KS function score)

Barrack et al. [3] 28 36 93% 115 points

(KS score)

89�

Haalem et al. [29] 94 86.4 91% 139 points

(KS score)

90�

Meek et al. [42] 47 24 96% 67.3 points

(Oxford-12 knee score)

87�

Current study 63 35.9 95% 144.1 points

(KS score)

114�

27.5 points

(Oxford-12 knee score)

KS = Knee Society.
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are essential for the success of any form of septic prosthesis

revision [17, 57]. Third, a specific systemic therapy with an

antibiotic of high bioavailability to which the bacteria are

highly sensitive, coupled with a high dose of locally

applied specific antibiotic in the antibiotic-loaded cement,

seems decisive for effective treatment of periprosthetic

infections [12, 54, 57]. Although there are a limited num-

ber of studies concerned with local release of antibiotics

contained in the cement [5, 19, 33, 41 ], this is a procedure

during one-stage and two-stage septic prosthesis revisions

of the knee and hip that has become well accepted [30, 55, 56].

Mixing antibiotic into the cement affects the quality of

the cement, which is why only antibiotic powder to a

maximum of 10% of the total cement amount should be

used [30]. Not all antibiotics can be used because they must

be available in powder form, water soluble, and thermo-

stable. The most commonly used are gentamicin,

clindamycin, vancomycin, tobramycin, aztreonam, ampi-

cillin, and ofloxacin [17, 30, 33]. Few data are available

that address the release of antibiotics from cement in vivo

during several weeks, although the level of released anti-

biotic has been suggested by some to be sufficient for at

least 4 months [5, 19, 33, 41]. Furthermore, the antibiotics

affect each other’s elution from the cement whereby the

use of two antibiotics results in a synergistic effect and the

release of the individual components is greater than that of

the single antibiotics on their own [1, 2, 14, 46, 53].

Therefore, we always used at least two antibiotics in the

cement and preferred COPAL1G+C cement to Palacos1

R+G cement (Heraeus Medical, Wehrheim, Germany)

whenever possible, because the former exhibits better

release of gentamicin [14].

One-stage revision of infected knee prostheses leads to a

high rate of infection control of 95% and reasonable patient

function when the pathogen is identifiable and when

MRSA and MRSE infections are excluded. This is partic-

ularly true for infected unicompartmental and primary total

knee replacement prostheses. For patients with peripros-

thetic infections of hinged prostheses, in which the

infection has been ongoing for several years, the proba-

bility of osteomyelitis is high: for these patients this

method of revision surgery was associated with a rate of

recurrence of 15%. The 100% rate of infection control in

unicompartmental and primary total knee replacement

prostheses with our study protocol suggests that this pro-

tocol also may be effective for infections with MRSA and

MRSE in these types of prostheses, especially because

infection with multidrug-resistant Enterococcus could be

treated successfully. Because of the increasing numbers of

periprosthetic infections with MRSA and MRSE bacteria,

we will extend this treatment to periprosthetic infections of

unicompartmental and primary total knee replacement

prostheses caused by MRSA and MRSE.
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Orthopäde. 1995;24:335–343.

1470 Singer et al. Clinical Orthopaedics and Related Research1

123



56. Stockley I, Mockford BJ, Hoad-Reddick A, Norman P. The use of

two-stage exchange arthroplasty with depot antibiotics in the

absence of long-term antibiotic therapy in infected total hip

replacement. J Bone Joint Surg Br. 2008;90:145–148.
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