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Introduction

Periprosthetic joint infection (PJI) is a challenging and 
complex complication that threatens both life and function. 
The infection rate after total knee arthroplasty (TKA) 
ranges from 1% to 2% (1). PJI of the knee is one of the 
main reasons for revision surgery in China (2). 

Infected TKA is most commonly treated via two-
stage revision surgery, which is the current gold standard; 

however, this is a costly process that requires prolonged 
hospitalization and two operations. Furthermore, the 
interval between the two operations is often associated with 
impaired mobility, joint stiffness, pain, and even mortality. 
Development of arthrofibrosis can make reimplantation 
difficult.

Single-stage revision for chronic PJI involves removal 
of the prosthesis, followed by debridement and immediate 
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reimplantation of a new prosthesis with antibiotic-loaded 
cement; initial studies report a success rate of 73% (3). 
Single-stage revision requires only one operation, which is 
presumably accompanied by the inherent advantages of less 
morbidity, lower cost, and faster restoration of functionality.

In our center, all patients with chronic PJI after TKA that 
involved MRSA (methicillin-resistant Staphylococcus aureus), 
MRSE (methicillin-resistant Staphylococcus epidermis), fungi, 
and gram-negative bacilli were treated by single-stage 
revision. However, many studies report a lower rate of 
infection control using single-stage revision compared with 
two-stage revision. We investigated the outcome of chronic 
PJI patients treated via single-stage revision in terms of:  
(I) infection control rate; (II) functional outcome. 

Methods

We retrospectively reviewed the records of 43 patients 
(43 knees) who underwent single-stage revision for 
chronic PJI of the knee between April 2005 and October 
2011 (Table 1). We routinely used single-stage revision 
to treat PJI in cases of chronically infected TKA where 
the patient was able to tolerate anesthesia and surgery, 
therefore a consecutive series of 43 patients were achieved 
in the present review.

Diagnosis of joint infection 

All  43 patients  had been diagnosed with chronic 
infections of greater than 3-month duration and septic 
loosening of components (Figure 1). Joint aspiration was 
performed preoperatively in all patients. Joint aspiration 
protocol included: (I) cessation of antibiotics at least  
2 weeks before aspiration; (II) aspiration conducted in 
an operating theatre; (III) no local anesthetic; (IV) if no 
fluid was obtained at the time of attempted aspiration, a 
second attempt was made intraoperatively under direct 
visualization of purulence; (V) if purulence was not obtained 
intraoperatively, periprosthetic membrane was soaked in 
saline for culture. The synovial fluid was sent for analysis 
of white blood cell count and neutrophil percentage; the 
sample was also cultured for aerobic and anaerobic bacteria 
and fungi, and incubated for 14 days (4,5). Diagnosis of 
infection was confirmed by pathohistological testing that 
demonstrated WBC >10/HPF. Erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) aided in diagnosis, 
and were important for postoperative monitoring. Criteria 
for successful infection control and duration of oral 

antibiotics were based on constantly decreasing ESR and 
CRP levels, no clinical signs of infection, no further surgery 
with the diagnosis of PJI, and no further positive cultures 
after the one-stage septic exchange. 

Surgical technique 

All surgeries were performed by one senior surgeon 
(initials redacted for blinded review) experienced in knee 
surgery and infection treatment. Major principles of the 
surgical technique included: (I) original skin scar resection 
and medial patella approach; (II) patella eversion was not 
mandatory, but temporary pin fixation of the tibial tubercle 
was done intraoperatively to prevent patellar tendon 
avulsion; (III) Gigli saw and narrow straight osteotomes 
were applied as explant metal works to retain bone stock; 
(IV) cement was removed using special cement chisels, long 
rongeurs, curetting instruments, long drills, cement taps, 
and ball-headed reamers (all 43 knees were implanted with 
cemented components).

The procedure was separated into two stages. The first 
stage started with thorough and aggressive debridement 
and cautious removal of foreign material, components, 
and cement, including necrotic and inactive scar tissue 
(Figure 2). At least three isolated samples were collected and 
sent for microbiological examination and culture. The surgical 
area was washed with hydrogen peroxide, then soaked in 
aqueous betadine for at least 10 minutes. In the second stage, 
the patient was redraped and the surgical team rescrubbed and 
put on new gowns; new instruments were introduced after 
further debridement and another copious pulsatile lavage of the 
surgical area and intramedullary canals. The new prosthesis 
was implanted with antibiotic-loaded cement. A drainage 
tube was placed and retained for 3–4 days; the drain was 
removed when drainage fluid was less than 50 mL/day.

Reconstruction and prosthesis selection 

Ligamentous laxity was seen in al l  patients  after 
debridement; however, there were no cases of ligament loss. 
Modular prostheses with stems were used in all patients 
without any hinge application. The Zimmer NexGen 
LCCK revision system (Zimmer Orthopaedics, Warsaw, 
IN) was used in 41 of 43 knees (95%); standard posterior-
stabilized polyethylene inserts were implanted in 12 knees 
(28%), constrained articulating surfaces were used in  
29 (67%) (Figures 3-5), and TC3 prostheses with standard 
inserts were used in the remaining two (5%). The implants 
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Table 1 Demographic characteristics of the patients

Patient no. Age (years) Sex Date of primary surgery/revision surgery Preoperative KSS Preoperative ESR Preoperative CRP

1 53 M Apr 2004/Apr 2005 34 46 26.7

2 65 F Jun 2005/Dec 2006 39 39 7.8

3 61 F Nov 2005/Jan 2007 56 57 15.7

4 68 F Jul 2006/Apr 2007 56 30 30.5

5 49 M Mar 2006/Apr 2007 23 4 23.3

6 69 F Nov 2006/May 2007 67 25 15.3

7 58 F Jun 2001/Jul 2007 44 85 5.5

8 72 F Feb 2002/Nov 2007 15 67 14.5

9 60 F Jul 2006/May 2008 4 48 45.3

10 70 M Sep 2007/Mar 2009 35 33 14.7

11 75 F Apr 2007/Mar 2009 37 55 25.3

12 65 M Oct 2008/Apr 2009 43 57 25.7

13 67 M Mar 2004/Apr 2009 0 62 46.0

14 74 M Oct 2006/Apr 2009 27 11 21.3

15 62 F Mar 2009/Jun 2009 45 60 27.0

16 72 F Jun 2009/Sep 2009 35 104 88.2

17 60 M Apr 2008/Mar 2009 32 47 17.3

18 57 F Aug 2006/Jun 2008 29 52 43.0

19 58 F Aug 2007/Jun 2008 45 54 21.4

20 59 F Apr 2005/Jun 2007 34 33 13.2

21 67 M Dec 2008/Nov 2009 61 71 30.5

22 77 M Apr 2009/Oct 2009 27 28 11.0

23 60 F Jul 2008/Sep 2009 44 31 12.5

24 74 M Apr 2008/Dec 2009 23 97 21.4

25 76 M Mar 2007/Apr 2011 47 34 14.0

26 48 F Feb 2009/Mar 2010 19 55 24.0

27 71 F Apr 2009/Mar 2010 17 56 45.5

28 67 F Jan 2010/Apr 2010 34 29 12.7

29 71 M Mar 2005/Jun 2010 24 67 31.0

30 49 M Sep 2005/Aug 2010 35 76 27.0

31 62 F Dec 2009/Sep 2010 27 45 17.4

32 70 F Mar 2010/Sep 2010 32 35 14.5

33 60 M Aug 2008/Sep 2010 32 46 34.0

34 72 M Mar 2007/Nov 2010 19 24 11.5

35 62 F May 2001/Dec 2010 45 110 57.0

36 59 F Feb 2009/Jan 2011 32 58 31.5

37 71 M Jan 2010/Apr 2011 21 32 17.6

38 70 F Mar 2009/May 2011 30 34 14.9

39 37 M Mar 2009/Jun 2011 40 87 27.0

40 80 F Mar 2008/Jun 2011 25 47 13.5

41 67 F Mar 2007/Jul 2011 37 31 10.5

42 65 F Dec 2004/Sep 2011 23 59 17.0

43 71 F Jan 2008/Oct 2011 20 43 21.4

KSS, Knee Society Score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.
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were cemented up to the metaphyseal region with pins that 
were fixed onto the residual host bone to fill major bone 
defects. One patient (2%) had a combination of structural 
bone graft with pin fixation and antibiotic cement to fill a 

large metaphyseal defect of the femur. All allograft bone 
was freeze-dried, then impregnated with gentamicin before 
grafting. A rectus snip was made in four patients with 
contracture of the extensor mechanism.

Figure 2 A 72-year-old male had been infected by Staphylococcus epidermidis 2 years after primary total knee arthroplasty. Purulence was 
observed intraoperatively, and necrotic scar tissue was excised in debridement procedure.

Figure 1 Radiographic image before revision. Loosening of tibial component was obvious.
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Postoperative protocols

Antibiotics were chosen based on the culture and sensitivity 
results and added to the cement, up to a maximum of 10% 
antibiotic admixture per package of cement. Antibiotic-
loaded commercial cement was routinely used. Palacos R+ 
G 40-g cement containing 0.5-g gentamicin impregnated 
with 1-g vancomycin was used in 21 patients. 

Appropriate intravenous antibiotics were given for 
10–14 days, based on the patients’ clinical signs, ESR and 
CRP levels. Oral antibiotics were continued for 6 weeks; 

the most frequently used oral antibiotics were rifampicin 
(39 patients), levofloxacin (31 patients), or rifampicin 
and levofloxacin combined (31 patients). Two knees were 
infected with MRSA, one with MRSE, three with fungi, 
and two with gram-negative bacilli; these were treated with 
direct intra-articular sensitive antibiotics (vancomycin or 
fluconazole) after single-stage revision. Seven patients with 
negative synovial fluid cultures were given intravenous 
vancomycin and oral levofloxacin. 

Postoperative rehabilitation after revision surgery 

Figure 3 Post-operative radiographic image. Modular condylar constrained knee system was implanted. Eccentric stem was applied at 
femoral side for the stability of joint.

Figure 4 Twelve months after single-stage revision. Figure 5 Five years after single-stage revision. Components were well-
fixed without loosening. Radiolucent line was not observed either.
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differed from that after primary TKA; weightbearing with 
crutches was allowed as early as could be tolerated, and early 
mobilization was encouraged after drainage tube removal. 
Early continuous passive motion without angular restriction 
was conducted in 39 patients; mobilization was delayed in 
four patients because of vastus reconstruction. 

Assessment of knee function

We evaluated functional outcomes using the Knee Society 
Score (KSS) and compared the preoperative KSS to the KSS 
at last follow-up.

Results

This study included 16 female and 27 male patients. The 
mean age was 65 years (range, 37–80 years). Demographic 
characteristics of the patients are shown in Table 1. The most 
recent follow-up was in October 2015, and the minimum 
duration of follow-up was 4 years (range, 4–10 years). No 
patient was lost before the minimum follow-up of this study. 
42 patients (97%) had important comorbidities: 14 (33%) 
had Type 2 diabetes mellitus, 10 (23%) were morbidly 
obese, 13 (30%) had a previous history of debridement with 
administration of intravenous antibiotics, and 2 (5%) had 
undergone septic revision surgery.

No repeat revision surgery was necessary in 97% of  
43 patients over a minimum of 4 years’ follow-up. 41 of  
43 patients (95%) were free of any knee infection at last  
follow-up; the 4-year survival rate for being free of any knee 
infection was 95%. Forty-two of 43 patients (97%) were 
healed after the index infection without any further surgical 
intervention; the 4-year survival rate for being healed of the index 
knee infection after successful one-stage exchange was 97%.

One patient died from an unrelated reason with an 
asymptomatic knee, but still fulfilled the minimum 4-year 
follow-up of this study. One patient developed a recurrent 
infection for which further surgery was required. The 
recurrence of infection was eradicated by prosthesis removal 
and two-stage revision. One patient was reinfected by a new 
organism 1 month after revision. Fungus was cultured from 
synovial fluid obtained after 2 weeks without antibiotics. 
This was treated without surgical intervention; the patient 
was administered 14-day intravenous vancomycin and  
15 direct intra-articular fluconazole injections over 30 days. 
Oral fluconazole was then administered for 3 months. 
Eradication of the new PJI was confirmed at the 6-month 
follow-up. Both these patients had had a septic prosthesis for 
several years and had undergone multiple debridements. 

The most frequently detected bacteria in this series were 
methicillin-sensitive S. epidermidis and methicillin-sensitive 
S. aureus (Table 2). Gram-positive bacteria were still the 

Table 2 Pathogens identified in knee periprosthetic joint infection cases

Pathogen Number of cases Percentage of total cases

Methicillin-sensitive Staphylococcus epidermidis 13 30%

Methicillin-sensitive Staphylococcus aureus 7 16%

Methicillin-sensitive Staphylococcus lentus 2 5%

Streptococcus spp. 2 5%

Enterococcus faecalis 2 5%

Enterococcus faecium 1 2%

Proteus bacillus vulgaris 1 2%

Escherichia coli 1 2%

Candida glabrata 2 5%

Candida albicans 1 2%

Brucellosis 1 2%

Methicillin-resistant S. epidermidis 1 2%

Methicillin-resistant S. aureus 2 5%

Negative 7 16%
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major pathogens involved in PJI (Table 2). We applied our 
single-stage revision protocol for PJI due to MRSA, MRSE, 
fungus and gram-negative bacilli. Seven patients (16%) with 
negative cultures were formally diagnosed as having chronic 
PJI by postoperative pathohistological examination.

The inflammatory markers remained high out of normal 
range in nine patients (21%) despite 3 months of oral 
antibiotics; however, ESR and CRP levels had constantly 
decreased and synovial tests were negative. After 6 months 
of oral antibiotics, the inflammatory markers of all nine 
patients had reduced back to normal range. 

The knee range of motion improved significantly from 
a mean value of 50° (± 25.6 SD; range, 8°–144°) to 76°  
(± 33 SD; range, 8°–144°). The results for pain (maximum 
of 30 points) were a mean preoperative 4.7 (± 8.6; range, 0–25) 
and improved significantly postoperatively to 17.9 points  
(± 10.6; range, 0–30). A significant improvement was also 
found regarding the function pre- and postoperatively 
(Figure 6). Preoperatively, the mean KSS score was 33.6 
(range, 0–61) points. At the most recent follow-up, the 
mean KSS score had increased significantly to 63.9 (range, 
43–82) points. 

Discussion

By December 2015, we had treated 98 chronic knee PJIs 

by single-stage revision. In short-term follow-up cases, 
the infection rate might increase in the future owing to 
additional new infections as the median time to reinfection 
might be as high as 4 years (6); therefore patients between 
April 2005 and October 2011 with a minimum of 4 years’ 
follow-up were selected for this study. This gave us a 
consecutive series of 43 patients, which is higher than in 
most comparable studies (7-11). 

The reported success of two-stage exchange arthroplasty 
varies, with some studies showing a 100% rate of infection 
control (12-15). A review of PJIs in patients who underwent 
resection arthroplasty, spacer insertion and reimplantation, 
reported that reimplantation occurred in 82.7% of  
504 cases, and the overall success rate with a minimum 
1-year follow-up was 53.1% (16). 

A recent systematic review of the literature (17) retrieved 
only four single-stage studies (3,8-10), some of which were 
limited to fewer than 20 TKAs and only one of which was 
published in the last decade (8). The study with the largest 
number of TKAs [104] available for follow-up reported a rate 
of infection control of 73% after one-stage exchange (3). A 
multicentric retrospective study comparing single- and two-
stage revisions for infection found no difference between 
techniques in eradicating infection (7). 

The infection control rate of our single-stage revision 
was 95% (41 of 43 patients). Residual biofilm and necrotic 

Figure 6 ROM is more than 90°.
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tissues were the main reason for infection recurrence. 
Biofilm produced by bacteria forms between 36 hours 
and 3 weeks (18), preventing antimicrobial agents from 
penetrating through to the underlying bacteria. Therefore, 
rigorous removal of all foreign materials and aggressive 
debridement of inflamed and necrotic scar tissues, including 
a total synovectomy, are essential for septic revision (19). 
Final debridement of bone and posterior soft tissues must 
be as radical as possible, and include areas of osteolysis and 
non-viable bone. 

Aggressive debridement and removal of components 
generally led to ligamentous instability and bone loss, 
resulting in mismatch of the flexion and extension gap. 
Therefore, modular prostheses with stems were implanted 
in all patients in this study. Mixing antibiotics into the 
cement impacts the quality of the cement; hence, only a 
maximum of 10% of the total cement amount should be 
antibiotic powder (20). The level of released antibiotic is 
reportedly sufficient for at least 4 months (21-24). 

Over the last two decades the prevalence of infections 
caused by organisms such as MRSA and MRSE has increased, 
mainly owing to inappropriate use of antibiotics (25). 
Common methods of treatment include debridement, 
antibiotic-impregnated spacer, long-term intravenous 
antibiotics, and revision surgery, which has a high failure 
rate ranging from 24% to 82% despite aggressive antibiotic 
treatment (14,26-28). We successfully treated two MRSA, 
one MRSE, three fungal, and two gram-negative bacilli 
infections with direct intra-articular sensitive antibiotics 
(vancomycin or fluconazole) after single-stage revision. 
A previous study reported excellent infection control in  
18 patients with MRSA-infected knees treated by single-
stage revision and direct intra-articular vancomycin 
injection (29). Another study of 14 patients with fungal PJI 
treated using single-stage revision revealed an acceptable 
rate of a satisfactory outcome (30).

Isolation of the infecting organism from cultures of fluid 
or tissue obtained from the affected joint is critical for the 
selection of appropriate antibiotic therapy and providing 
insight into prognosis. Any use of antibiotics in the 2 weeks 
before obtaining culture samples is associated with a lower 
yield of cultures (31). In chronic PJI, most microorganisms 
exist in a biofilm attached to the implant surface and 
surrounding tissues (32); hence, failure of tissue cultures to 
recover infecting organisms encapsulated in a biofilm leads 
to negative culture results. After April 2009, our institution 
incubated synovial fluid samples in blood culture flasks, 
which reportedly improves the detection of microorganisms 

and decreases contamination compared with conventional 
agar or broth methods (5,33). The overall incidence of 
negative culture in our study was 16% (7/43); however, the 
incidence of negative culture before March 2009 was 38% 
(5/13). After April 2009, the incidence of negative culture in 
our institution was only 7% (2/30).

The majority of PJIs (65–90%) are caused by common 
aerobic gram-positive microorganisms (34,35), with most 
identified as Staphylococcus species that can be effectively 
treated with parenteral vancomycin. Our higher infection 
control rates with intravenous and topical injection 
of vancomycin for negative culture PJI suggest that 
vancomycin-sensitive gram-positive organisms may still be 
the most common culprit in culture-negative infections.

Increased exposure time is associated with high risk of 
surgical field infection (36). Therefore, the experience of 
the surgical team and availability of special instruments for 
the explant of components and cement are important in 
shortening the duration of surgery. Preparation of surgical 
instruments and recruitment of the surgical team are vital in 
preoperative planning of single-stage revision.

The infection rate is significantly increased in cases 
with a history of previous surgical procedures (37), and 
peripheral vascular disease is another known risk factor 
for PJI (38). The two patients in our series who had a 
recurrence of infection had both undergone multiple 
debridements at other institutions and both had poor 
peripheral vascular condition. Poor peripheral vascular 
condition could potentially predispose to persistence of 
infection either by impaired local immune response due 
to decreased oxygen tension or by impaired delivery of 
systemic antibiotics at the site of infection. In future, PJI 
with a history of multiple debridements will be considered 
an absolute exclusion criterion for single-stage revision.

Our study had some limitations. First, it was an 
observational cohort study without any control group. 
Second, although the number of included patients was 
higher than in most other studies reporting single-stage 
revision TKA after PJI and no patient was lost to follow-
up, the number of patients was too small to perform an 
adequately powered analysis of prognostic factors. Third, 
the minimum follow-up was 4 years, and the infection 
rate might increase in the future due to additional new 
infections. 

Conclusions

We reviewed 43 patients with PJI after TKA treated by 
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single-stage revision with a minimum 4-year follow-up. 
Single-stage revision achieved a high rate of infection 
control (95%) and an acceptable functional outcome (mean 
KSS 63.9).
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