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INTRODUCTION
The concept of replacing the knee joint surface for treating 
serious pathologies of this joint has been discussed since 
the 19th Century. In 1860, Verneuil(1) suggested interposing 
soft parts in order to reconstruct knee�s joint.  
In 1940�s and 1950�s, total knee arthroplasty (TKA) showed 
a significant evolution due to the development of inorganic 
materials appropriate to joint interposition and due to surgical 
techniques improvement, especially levered by Campbell(2), 
MacIntosh(3) and McKeever(4). 
Currently, knee prosthesis with different designs and high-te-
chnology materials are available, which, associated to the in-
creased life expectancy in worldwide population and to more 
accurate diagnoses of orthopaedic diseases, has strongly 
increased indication and duration of knee arthroplasties.
TKA is a major surgery, subjected to postoperative complica-
tions, with infection being one of the worst and most feared, 
representing a real challenge for orthopaedic surgeons, 
because of the difficult and long-term treatment (5). Infections 
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post-total knee arthroplasty represent an economical impact 
of three hundred million dollars a year in the United States 
alone (6).
The key for a successful treatment for infections following total 
knee arthroplasty is the early and precise diagnosis, providing 
immediate therapy. Therefore, it is crucial that every patient 
with local pain after a total knee arthroplasty is assessed 
for infection potential (7). The clinical picture most frequently 
seen in cases of infection is constant pain, local heat and 
joint swelling. A thorough history detailing risk factors (Chart 
1), an appropriate physical examination, X-ray studies and 
laboratory tests are employed to confirm a diagnosis.
Some blood tests must always be requested, as well as the 
hemosedimentation speed and reactive C-protein levels. 
The correlation of physical examination, X-ray images and 
laboratory tests is essential for the assessment of a potential 
infection.  
Usually, treating an infection after total knee arthroplasty 
takes time, and the patient must understand the objectives 
of the therapy, its limitations and risks. Thus, treatment can 

SUMMARY
Objective: The objective of this study is to analyze and 
standardize the treatment protocol of infections following 
total knee arthroplasty proposed by the Knee Group and 
the Infectology Group of IOT-HC-FMUSP. Materials and 
Methods: Between 2003 and 2004, twenty-nine patients 
(19 women and 10 men, mean age: 67 years) diagnosed 
with infection after total primary knee arthroplasty were 
hospitalized at IOT-HC FMUSP (Institute of Orthopedics and 
Traumatology of Hospital das Clínicas, Medical College, 
University of Sao Paulo, SP, Brazil) and subjected to a treat-
ment protocol. The mean follow-up time was 20 months. 
Nine cases had superficial infections, three had acute deep 
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infections and eighteen had chronic deep infections. The 
classification is based on local clinical criteria and on the 
time of symptoms onset. Results: Eight patients with super-
ficial infection and three patients with acute deep infection 
were treated, showing good outcomes and no recurrence 
cases. Eighteen patients with chronic deep infection were 
treated and cured, 14 of whom with no recurrence during 
the follow-up period. Conclusion: We regard our outcomes 
and treatment protocol as appropriate and consistent with 
literature.
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be adjusted to patient�s expectations.  
The objective in treating infections should be infection era-
dication and restoring painless function of the joint. Other 
patients, due to local and/ or systemic conditions, are not able 
to control their infectious picture, thus requiring procedures 
such as arthodesis, amputation or resection arthroplasty.   
According to the international literature, its incidence ranges 
from 1% to 5% (19). In excellence centers, counting on expert 
teams and a large volume of TKA procedures, this rate can 
reach less than 1%.  

performed more than four weeks previously, prosthesis must 
be removed (8-10).
In deep acute infection, either operative or hematogenic, 
trying to save the prosthesis is reasonable 11. In general, 
literature shows that prosthesis can be saved until 1 month 
after insertion, and that multiple débridements can enhance 
success rates (8,12). However, the success rate of this kind of 
treatment (60% - 80%) is lower than for two-steps review, in 
which implants are removed (12).
In deep chronic infection, meaning the one in which the 
patient has showed symptoms for over four weeks, or when 
surgery was performed more than four weeks before, the 
implants must be removed. The approach of keeping a 
prosthesis shows a low success rate (8,9), while the two-step 
treatment with prosthesis removal, placement of a retractor 
with antibiotics, antibiotic therapy, and insertion of a review 
prosthesis in a second step, show success rates of appro-
ximately 90%(10).
There are cases of advanced infection in which patients can-
not afford, due to local or systemic issues, to be submitted to 
repeated surgical procedures, which are sometimes required 
to treat infection and maintain prosthesis or re-implant it. In 
these cases, the patients are submitted to salvage procedu-
res (arthrodesis, amputation, resection arthroplasty), which 
are intended to save lives or preserve limbs (13,14).
The objective of this study is to assess the results of our 
treatment protocol, in what concerns to infectious process 
cure.  

MATERIALS AND METHODS
In the period of 2003 and 2004, twenty nine patients diagno-
sed with primary infection after total knee arthroplasty were 
hospitalized for treatment at the Orthopaedics and Trauma-
tology Institute (IOT), Hospital das Clínicas, University of 
São Paulo�s Medical College, and submitted to a treatment 
protocol. Among these, nine cases had superficial infection, 
three cases of deep acute infection, and eighteen deep 
chronic infections.  
Of the 29 patients assessed in this study, 19 were women 
and 10 were men; the mean follow-up period was 20 months, 
and the mean age was 67 years.   
All patients with superficial infection and deep acute infection 
have been treated from baseline in our service. Regarding 
patients with deep chronic infection, sixteen were treated 
since onset in our service, and two were referred to our 
institution.  
Patients diagnosed with superficial infection were treated with 
endovenous antibiotic therapy for 4-6 weeks, and, whenever 
necessary, surgical débridement of the site was performed, 
making an ellipsoidal incision on the margins and inserting 
subcutaneous fat up to capsule level (Photograph 1). 
The cases of deep acute infection (Photograph 2) were 
treated by careful débridement by means of arthrotomy and 
replacing polyethylene, thus allowing for a better access to 
posterior recess of the knee, endovenous antibiotic therapy 
for 4-6 weeks, being clinically and laboratorially followed up 
by means of hemogram with leukocytes counts, hemosedi-
mentation speed and reactive C-protein measurements.  
Patients diagnosed with deep chronic infection were treated 
by removing femoral and tibial implants; careful débridement 
including synovectomy, removal of all cement and unviable 

- Previous knee surgery
- Long surgical time (above 2.5 h)
- Co-morbidities:
     Compromised immune system
     Immunosuppressive therapy
     Malnutrition
     Hypokalemia
     Diabetes mellitus
     Obesity
     Tobacco use

Chart 1- Risk factors for infection

In the Orthopaedics and Traumatology Institute of the Univer-
sity of São Paulo�s Medical College, the incidence of infec-
tions after TKA (according to data provided by the Committee 
on Hospital Infection Control) has remained around 3% in 
the last 3 years.

The infection paths described are as follows 
1. Direct implant during surgical procedure due to a failure on 
operating room or implant material, inappropriate sterilization 
technique and long surgical time.  
2. Infection secondary to intraoperative dissemination as a 
result of hematoma formation and inappropriate care with 
dressings.  
3. Hematogenically, from remote focus dissemination such 
as urinary or pulmonary tract infection, skin ulcers and dental 
infection.   
Classification is based on local clinical criteria and on time 
of symptoms onset (Chart 2).
In most infection cases, surgical procedures are required 
for providing an optimal treatment, except for superficial 
infection, which, many times, can be treated with antibiotic 
agents only.  
In cases of deep infection, a surgical procedure is warran-
ted for providing débridement of infected tissue. The most 
important question in cases of deep infection is whether 
prosthesis must be removed or maintained. In chronic 
infections, meaning the ones where patients present with 
symptoms for more than four weeks, or when surgery was 

1. Acute infection:
 -superficial
 - deep

2. Chronic infection

Chart 2 - Classification
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tissues, and; insertion of a cement + antibiotics retractor (1g 
vancomicyn was used for each pack of orthopaedic cement), 
designed to maintain soft parts tension and a high local re-
lease of antibiotic agent. Then, a period of antibiotic therapy, 
initially endovenous, followed, which was supplemented 
by antibiotics administrated via oral, whenever possible, 
and collecting material for laboratory tests (hemogram with 

leukocytes count, hemosedimentation speed and reactive C-
protein measurements). Upon normal tests, the patients were 
submitted to review, removing the retractor and implanting 
a new prosthesis. After the insertion of a review prosthesis, 
antibiotic therapy was maintained according to the results 
of the cultures, for 4-6 months. 
Patients with deep chronic infection presenting two-step 
treatment failure and who could not clinically or systemically 
afford repeated surgeries were submitted to salvage proce-
dures (arthrodesis, transfemoral amputation). 

RESULTS
- Eight patients with superficial infection were treated, sho-
wing good outcomes, and cure of the infectious process in 
all cases.  

- Three patients with deep acute infection were treated, 
with 100% cure rate, and no recurrences during follow-up 
period.   

- Eighteen cases of deep chronic infection were treated, 14 
of which resulting in cure without recurrence during follow-up 
period. Four patients didn�t achieve cure with the therapy, two 
of them presented infection recurrence after review prosthe-
sis insertion, although intraoperative cultures did not show 
bacterial growth. The remaining 2 patients were submitted 
to salvage procedures, one to amputation and the other to 
arthrodesis.    

The time interval between suspected infection and treatment 
onset showed some variation. In cases of superficial infection, 
the interval was always as short as one day. In patients with 
deep acute infection, this interval was as short as a month 
for 12 patients, between one and three months for two pa-
tients, between three and six months for two patients, and 
more than six months for two patients. Both patients with late 
treatment start are those submitted to salvage procedures. 
The remaining two patients presenting treatment failure were 
included in the group whose treatment started between three 
and six months.    

DISCUSSION
Infection after total knee arthroplasty is certainly a serious 
complication, and must always be appropriately diagnosed 
and treated. An incorrect or late diagnosis can significantly 
change a patient�s prognosis.   
Superficial infections must be aggressively treated, avoiding 
progression to deep infection, which would put the prosthesis, 
the limb, or even the life of a patient at risk Attention should be 
given to the fact that infections can be more extensive than 
it apparently is, and the threshold to recommend thorough 
surgical débridement should be low (Chart 3).  
In deep acute infection, wither of operative or hematoge-
nic nature, trying to save the prosthesis is reasonable11. 
Infections of operative nature are those where the onset of 
symptoms occur within up to four weeks after prosthesis 
implantation. The hematogenic infection is the one where 
the onset of joint symptoms occurs within up to four weeks 
after a remote infectious picture (whether urinary, dental, 
respiratory or cutaneous). In both kinds of acute infection, 
surgical treatment is recommended, and the faster it is pro-
vided, the better the success rate (15,16). A study showed that 

Photograph 1 - Superficial infection: patient submitted to endovenous antibiotic 
therapy for 4 weeks and surgical débridement of the site, and  ellipsoidal 
removal of incision margins, and insertion of subcutaneous fat up to capsule 
level.

Photograph 2 - Deep acute infection

Photograph 3 - Deep chronic infection: primary prosthesis removal, 
débridement, insertion of retractor and implantation of a review prosthesis 
after 6 weeks.  
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after two weeks of symptoms complaints, prosthesis salvage 
is unlikely (17). In general, literature shows that a prosthesis 
can be saved as long as one month after implantation, and 
that multiple débridement procedures can increase success 
rates (9,16). However, the success rate for this kind of treatment 
(60% - 80%) is lower when compared to that of the two-step 
review, in which the implant is removed (12) . (Chart 4)
The major objective when treating an infection after total knee 
arthroplasty is cure, and, obviously, the functional outcome 
is also important. Several treatment alternatives are provided 
by literature for treating deep chronic infection by means of 
the one-step review, being this approach justifiable due to 
the better functional outcomes it may present (18). Our option 
towards performing the two-step review is grounded on the 
higher rates of cure and because we consider that the func-
tional damage caused by the two-step review does not justify 
the higher risk imposed by the one-step review (10,17,19-21).
In chronic infections, meaning those where patients present 
with symptoms for more than four weeks, or when time elap-
sed since surgery is above four weeks, the implants should be 
removed. Keeping a prosthesis shows low success rates(8,9), 
while the two-step review including prosthesis removal and 
placement of a retractor with antibiotics, antibiotic therapy 

and insertion of a review prosthesis as a second step, shows 
success rates around 90%(10).
In chronic infections, the protocol adopted is the one sugges-
ted by Insall et al.(20) and Windsor et al.(21), which consists of 
removing the femoral and tibial implant; careful débridement 
including synovectomy, removal of all cement and unviable 
tissues, and; insertion of cement + antibiotics retractor, 
designed to maintain soft parts tension and a high local 
antibiotic release (18). Then, a period of antibiotic therapy, 
initially endovenous, follows for two weeks, supplemented 
by antibiotics administrated via oral, totaling 6 weeks of 
therapy. After that period, patients are clinically reassessed,  
material for laboratory tests is collected (hemogram with 
leukocytes count, hemosedimentation speed and reactive 
C-protein measurements). Upon normal tests, patients are 
submitted to review, removing the retractor and implanting 
a new prosthesis. (Chart 5)
A characteristic of our institution, for being a reference for 
other services, is to receive and treat patients with serious 
conditions, sometimes not optimally treated, constituting 
cases of difficult solution, where keeping a prosthesis or an 
attempt to re-implant it would put patients� lives or limbs at 
risk. In our case series, two patients had been initially treated 

Diagnosis                                     Treatment                                     Source of infection                  Result of the Institution

 

-Less than 4 weeks                       -Antibiotic therapy EV 4 - 6             -intraoperative contamination                       8/8                 

-Fever                                               weeks

-Local inflammation                            -Surgical débridement 

-Absence of fistulas

-Does not exceed capsule

Chart 3 - Superficial infection

 Diagnosis                                   Treatment                                    Source of Infection                        Result of the Institution

-Less than 4 weeks                     -Antibiotic therapy EV 4 - 6            -intraoperative contamination                     3/3                
-Fever                                          weeks                                            - hematogenic
-Local inflammation                     -Surgical débridement with
-Absence of fistulas                     polyethylene replacement.
-Exceeds capsule

Chart 4 - Deep acute infection

Diagnosis                                     Treatment                                              Source of Infection                       Result of the Institution            
                                                                                
-More than 4 weeks                      -Antibiotic therapy EV 4 - 6 months             -intraoperative contamination                  14/18

-Fever                                                                                                                -hematogenic

-Local inflammation or not            -Surgical débridement with prosthesis

-May have fistulas                         replacement in two steps 

-Fluids/ /pus                                  

-Exceeds capsule

Chart 5 - Deep chronic infection
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somewhere else, with both presenting multiple fistulas and 
being treated with withdrawal antibiotic therapy for more than 
a year. One of these developed renal failure during treatment, 
in whom amputation was recommended, and the other 
showed no local skin conditions and an insufficient extensor 
mechanism, thus being submitted to arthrodesis.  
Advancements in the treatment of infections after total knee 
arthroplasty include the emergence of new antibiotic drugs 
that can be administered via oral or intramuscular, reducing 
hospitalization time and, therefore, treatment costs and the 

psychological impact caused by long-term hospitalization on 
patients. New hinged retractors are also being used, perhaps 
improving functional outcomes in two-steps reviews. 

CONCLUSION
We regard our results and our treatment protocols as ap-
propriate and consistent with literature in what concerns to 
infection control. We believe that a higher number of patients 
and a longer follow-up period are required for us to be able 
to present definite conclusions.
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