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Introduction  
Knee septic arthritis rapidly damages the knee joint. Gächter described a classification of 
joint infections based on arthroscopic findings: an arthroscopic staging of the common 
disease has prognostic and therapeutic consequences. The aim of this systematic review 
was to analyze the application of the Gächter classification system to knee septic 
arthritis, evaluating prognostic and therapeutic implications of this classification. 

Materials and Methods    
A comprehensive electronic search of the literature was performed. The following search 
terms were used: (Arthroscopy* OR Arthrotom* OR Aspiration) AND Knee AND Septic 
AND Arthritis. The study reported the Gächter classification in septic knee arthritis and 
the eradication rate according to the type. The primary endpoint is the eradication rate of 
septic knee arthritis according to the Gächter sort. Secondary endpoints are surgical 
procedures according to Gächter classification and the rate of re-operations. 

Results  
Seven studies were included. The overall eradication rate of knee septic arthritis ranged 
from 90% to 100%: 95%-100% Gächter I; 97%-100% Gächter II; 67%-100% Gächter III; 
50%-100% Gächter IV. Surgical treatments for knee septic arthritis included arthroscopic 
irrigation alone, articular irrigation, and debridement in knee arthroscopy or knee 
arthrotomy according to Gächter stage. However, 28% required re-operations for 
persistent infection: secondary procedures included further irrigation and debridement 
with the arthroscopic or arthrotomic approach. 

Conclusion  
Gächter classification showed a crucial prognostic role in predicting the outcome of 
surgical treatment of septic knee arthritis. Regardless of the procedure performed, a 
prompt operation and an accurate debridement of the synovial membrane are the most 
critical factors for eradicating infection and good clinical outcomes. 

Level of Evidence    
Level II, prognostic study 

Corresponding author: 
Cristiano De Franco, MD, 
Department of Public Health, Orthopedic Unit, “Federico II” University, 
Via Sergio Pansini, 5, 80131 Naples (Italy) 
Phone: +393349133871 
Email: defrancocristiano@gmail.com 

a 

De Franco C, Artiaco S, de Matteo V, et al. The eradication rate of infection in septic
knee arthritis according to the Gächter Classification: a systematic review. Orthopedic
Reviews. 2022;14(5). doi:10.52965/001c.33754

https://doi.org/10.52965/001c.33754
mailto:defrancocristiano@gmail.com
https://doi.org/10.52965/001c.33754


INTRODUCTION 

The knee joint is the most common site of septic arthritis 
in humans. It has been estimated that about 2 to 10 septic 
arthritis of important joints occurs in 100.000 people/year. 
Still, it is possible that with aging people, more invasive 
procedures, and immunosuppressive treatment, this risk 
might increase.1 About 40-50% of infections involve the 
knee with a potential risk of morbidity (poor functional 
outcome or osteomyelitis) in 35% of cases and mortality in 
about 16%.1,2 

Despite clinical symptoms, including warmth, swelling, 
and pain, the diagnosis of knee septic arthritis may be dif
ficult. Several inflammatory non-septic diseases may mimic 
knee infection, and a high index of suspicion should always 
be considered when clinical history and physical examina
tion are suggestive of infection. Besides clinical findings 
and history, serum and synovial laboratory values are the 
main essential elements that must be investigated to 
promptly diagnose this severe disease.3 

Septic arthritis rapidly damages the knee joint. Infection 
of synovial membrane attracts immune cells, and inflam
matory response of the synoviocytes and leucocytes re
leases destructive enzymes. Moreover, synovial fluid is an 
excellent growth medium, and it has a relative lack of im
munologic resistance.4 In this scenario, animal studies es
tablished that irreversible changes occur unless the joint is 
sterilized within five days of infection and that the persis
tence of the septic process progressively leads to cartilage, 
bone, capsule, and ligament damage.5 For this reason, in 
the case of septic knee arthritis, the time factor is decisive, 
and any delay of treatment must be avoided. 
In 1985, Gächter described a classification of joint infec

tions based on anatomopathological arthroscopic findings.6 

Gächter criteria can be applied to every significant joint 
disease, but most of the studies taking into account these 
criteria referred to septic knee arthritis. In their personal 
experience based on arthroscopic management of septic 
arthritis, Stutz et al.7 reported that an arthroscopic staging 
of the initial joint infection has prognostic and therapeutic 
consequences. 
This systematic review aimed to analyze the application 

of the Gächter classification system to knee septic arthritis, 
including a large sample of patients managed with different 
techniques for various degrees of joint impairment. In addi
tion, prognostic and therapeutic consequences of this clas
sification have been evaluated to obtain objective data on 
which to base an appropriate treatment of this severe dis
ease. 

MATERIAL AND METHODS 
STUDY DESIGN 

A systematic review of studies dealing with Gächter classi
fication in septic knee arthritis published over the last two 
decades. 

Figure 1.   The PRISMA Flowchart diagram     

DATA SOURCES AND SEARCH 

Medline (Pubmed) Scopus performed a comprehensive 
electronic search of the current literature and Web of Sci
ence from January 01, 2000, through June 01, 2020, using 
PRISMA flowchart diagram (Fig. 1). Additional studies were 
identified by checking the bibliographies of the articles se
lected. If full texts were not available, authors were con
tacted. The following search terms were used: 
(Arthroscopy* OR Arthrotom* OR Aspiration) AND Knee 
AND Septic AND Arthritis. 

ELIGIBILITY CRITERIA 

Inclusion criteria were: study reporting the Gächter classi
fication in septic knee arthritis and the rate of eradication 
according to the type; a study published over the last two 
decades (2000-2020); clinical study (randomized clinical 
trials, controlled clinical trials, observational cohort 
prospective and retrospective studies) in English. In ad
dition, we excluded the studies reporting redundant data 
with previous publications, case reports, reviews and meta-
analyses, clinical studies not documenting the rate of erad
ication or the Gächter classification, and cadaveric study. 

STUDY SELECTION AND DATA ORGANIZATION 

Results were managed using Microsoft Excel. Duplicates 
and studies without abstract were excluded. Titles and ab
stracts were screened independently by two authors. After 
applying exclusion criteria, eligible studies were selected. 
Disagreements were solved through discussion and consen
sus. Data were extracted about the stage of the Gächter 
classification of septic knee arthritis and the infection erad
ication rate according to the Gächter sort. Data were pre
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Table 1. Characteristics of included studies (LoE: Level of Evidence).         

Author Year Journal LoE Type of study N 

Stutz et al.7 2000 Knee Surg, Sports Traumatol, Arthrosc IV Retrospective series 78 

Vispo Seara et 
al.8 

2002 Arch Orthop Trauma Surg IV Retrospective series 78 

Peres et al.9 2015 Knee Surg Sports Traumatol Arthrosc I Individual RCT 21 

Aim et al.10 2014 Orthopaedics & Traumatology: Surgery & 
Research 

IV Retrospective series 46 

Balabaud et al.11 2006 Knee Surg Sports Traumatol Arthrosc IV Retrospective series 40 

Yanmış et al.12 2011 Acta Orthop Traumatol Turc IV Retrospective series 20 

Wirtz et al.13 2001 International Orthopaedics (SICOT) II Retrospective 
cohorts 

51 

In Stutz et al. the sample consists of 62 knees, 10 shoulders, 5 ankles and 1 hip. 

Table 2. Studies included with the sample analysed       

Gächter I Gächter II Gächter III Gächter IV 

Stutz et al.7 18 37 7 0 

Vispo Seara et al.8 17 40 19 2 

Peres et al.9 6 11 4 0 

Aim et al.10 13 21 9 3 

Balabaud et al.11 8 18 11 3 

Yanmış et al.12 4 10 5 1 

Wirtz et al.13 9 20 14 8 

Total 75 157 69 17 

       

sented as absolute and percentual values, as reported by 
primary authors, or the range between the lowest and high
est value of the selected studies. 
The level of evidence of the included studies was re

ported according to the Centre for Evidence-Based Medi
cine, Oxford rating scale. 

RESULTS 

This systematic review included seven studies that deal 
with the eradication rate in septic knee arthritis according 
to the Gächter Classification.7‑13 The features of the studies 
included are shown in the table (Tab. 1). 
The follow-up of the studies included in the systematic 

review ranged from 12 to 42 months. 
The examined sample collected from the studies in

cluded in this systematic review was reported in table 2. We 
analysed a total of 318 patients including 75 cases (24%) 
Gächter I; 157 cases (49%) Gächter II; 69 cases (22%) 
Gächter III; and 17 cases (5%) Gächter IV (Tab. 2). 
Eradication of septic knee arthritis was reported when 

the absence of symptoms and regular laboratory exams 
were observed in periodical controls for at least three 
months after surgical procedure.10 

In the selected studies, surgical treatments for septic 
knee arthritis included arthroscopic irrigation alone (per

formed only in some cases for stage Gächter I) and articular 
irrigation and debridement in knee arthroscopy or knee 
arthrotomy for location Gächter I-IV. 
According to the available data, the modal of the surgical 

procedure according to the Gächter stage was: arthroscopic 
irrigation in phase I; arthroscopic irrigation and debride
ment (partial or total synovectomy) in stage II; arthroscopic 
or open irrigation and debridement (total synovectomy) 
stage III; available irrigation and debridement (total syn
ovectomy) in stage IV. 
Some patients (28% of the examined sample) required 

re-operations for persistent infection with a maximum of 4 
procedures in the same patient reported in selected stud
ies. Secondary methods included further irrigation and de
bridement with an arthroscopic or arthrotomic approach. 
The overall eradication rate of knee septic arthritis 

ranged from 90% to 100%. According to the Gächter clas
sification stage, the eradication rate was 95%-100% in 
Gächter I; 97%-100% in Gächter II; 67%-100% in Gächter 
III; 50%-100% in Gächter IV (Tab. 3). 
The studies included in this systematic review performed 

no statistical analysis about the correlation between the 
Gächter stage and causative germs or source of infection. 
Regarding the correlation between surgical procedure 

and eradication rate of septic knee arthritis, only two out of 
seven studies did the authors compare the results of arthro
scopic debridement and open debridement. Furthermore, 
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Table 3. Overall rate of eradication in knee septic arthritis and according the Gächter classification.              

Overall 
Eradication 

Eradication in 
GI 

Eradication in 
GII 

Eradication in 
GIII 

Eradication in 
GIV 

Stutz et al.7 71/78 (91%) 20/21 (95%) 43/44 (98%) 8/12 (67%) 0/0 

Vispo Seara et 
al.8 77/78 (99%) 17/17 (100%) 40/40 (100%) 18/19 (95%) 2/2 (100%) 

Peres et al.9 21/21 (100%) 6/6 (100%) 11/11 (100%) 4/4 (100%) 0/0 

Aim et al.10 43/46 (93%) 13/13 (100%) 21/21 (100%) 7/9 (78%) 2/3 (67%) 

Balabaud et al.11 40/40 (100%) 8/8 (100%) 18/18 (100%) 11/11 (100%) 3/3 (100%) 

Yanmış et al.12 20/20 (100%) 4/4 (100%) 10/10 (100%) 5/5 (100%) 1/1 (100%) 

Wirtz et al.13 46/51 (90%) 9/9 (100%) 20/20 (100%) 14/14 (100%) 4/8 (50%) 

GI: Gächter I; GII: Gächter II; GIII: Gächter III; GIV: Gächter IV 

only one of the two previous studies reported clinical out
comes of each surgical procedure according to the Gächter 
classification stage. 

DISCUSSION 

Knee septic arthritis is a severe disease that must be 
promptly and correctly treated to eradicate infection and 
prevent secondary complications.14 

Despite this, at present, no clear guidelines are reported 
in the literature, and the analysis conducted in this system
atic review showed that several surgical options had been 
variably applied in patients with different stages of septic 
knee arthritis according to the Gächter classification sys
tem.15‑18 

Some interesting considerations can be made based on 
our analysis. 
The first element that must be taken into account is the 

interval time between the appearance of symptoms and the 
surgical procedure time. Balabaud et al.11 have studied this 
topic, observing that the mean interval time in cases with 
successful eradication of infection (mean time 12 days) is 
reduced compared to the patients with the unsuccessful 
procedure (mean time 23 days). 
The second element, which is strictly related to the pre

vious one, is the correlation between the rate of eradication 
of infection and the stage of septic knee arthritis according 
to the Gächter classification. 
Usually, knee septic arthritis is observed and treated in 

stage II (49.4%). Gächter locations I and II occurred when 
the interval time between the appearance of symptoms and 
the treatment is about 7-15 days. In this case, characterized 
by inflamed synovial tissue, pus, and absence of radiolog
ical signs, without joint degeneration (Fig. 2),6 successful 
treatment is high (95 to 100%). On the contrary, data re
ported in selected studies showed that a high Gächter stage 
(III-IV) is related to a high rate of failure in eradicating in
fection (up to 50-60%). 
The treatment of knee septic arthritis is various and re

quires a multispecialty approach. A strict collaboration be
tween specialists in infectious disease and orthopedic sur
geons is needed.19,20 

The most frequent pathogens are Staphylococcus Aureus 
and Staphylococci coagulase-negative, and about 10% of 
culture-negative knee septic arthritis are observed.21,22 

Our systematic review did not show a correlation between 
the Gächter classification and causative germs and con
firmed that hematogenous transmission is the first cause of 
septic knee arthritis, while the post-operative infection is 
the second one, regardless of Gächter stage.23‑25 

The cornerstone of knee septic arthritis treatment is a 
prompt and effective antibiotic treatment and surgical irri
gation and debridement. The disease has a mortality rate of 
about 16% and should be considered a medical emergency.1 

Empiric antibiotic therapy should be started with first 
or second-generation cephalosporins administrated intra
venously. In post-operative knee septic arthritis, a gly
copeptide antibiotic, such as vancomycin, can be used when 
a high incidence of Methicillin-Resistant Staphylococcus 
Aureus is observed. As soon as possible, targeted antibiotic 
therapy must be started based on sample cultures. The du
ration of antibiotic treatment should be not inferior to 6-8 
weeks, and the suspension should be based on clinical and 
laboratory signs.1,26 

Surgical debridement of septic synovial tissue and abun
dant irrigation (at least 6-8 L of saline solution) can be per
formed in arthroscopy or open arthrotomy.27‑29 

The analysis of the literature showed that there is no 
difference in terms of eradication rate between these sur
gical procedures. Two studies published by Böhler et al.30 

and Wirtz et al.13 compared eradication rates according 
to Gächter classification in arthroscopy and open arthro
tomy. Although arthroscopic debridement seemed to show 
a higher eradication rate, this procedure was not performed 
Gächter in patients with stage IV that were always treated 
with open debridement. 
Therefore, according to the data of our review, in the 

Gächter IV stage, an open debridement is preferred over 
arthroscopic debridement. In the Gächter IV stage, there is 
an aggressive and hypertrophic synovial pannus with infil
tration of the cartilage and bony involvement: the arthro
scopic debridement is very difficult, it can be not accurate, 
and it is often not helpful in the resolution of skeletal in
volvement.13 
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Figure 2. Gächter classification   

Table 4. Arthroscopic Debridement vs Open Debridement: eradication rate according to Gächter classification.            

Arthroscopic Open 

GI GII GIII GIV Overall GI GII GIII GIV Overall 

Böhler et 
al.30 

7 19 4 0 39/41 
(95%) 

2 12 8 2 23/29 
(79%) 

Wirtz et 
al.13 

9 13 5 0 27/27 
(100%) 

0 7 9 8 20/24 
(83%) 

GI: Gächter I; GII: Gächter II; GIII: Gächter III; GIV: Gächter IV 

Therefore, different eradication rates between arthro
scopic and open debridement could have been related to 
the Gächter stage of septic disease rather than the two 
other surgical procedures (Tab. 4). 
Furthermore, the re-operation rate seemed to be related 

to the Gächter stage of septic arthritis rather than the sur
gical procedure. As reported in the literature, according 
to Stutz et al.,7 Vispo Seara et al.8 and Aïm et al.10 re-
operation rate was 0%-18% in Gächter stage I, 15%-62% 
in Gächter stage II, 52%-100% in Gächter stage III and 
50-100% in Gächter stage IV. The re-operations rates re
flect the percentage of septic knee arthritis with a Gächter 
step III or IV. Other possible causes of re-operations are 
the duration of symptoms or the time to manage the septic 
knee arthritis, which is undiagnosed.10 In some papers in
cluded,10‑12 some risk factors are considered, like diabetes, 
liver disease, immune disorders, previous glucocorticoid 
therapy. There are universally considered to be factors that 
increase infectious risk. However, it is not indicated how 
much they affect the results. 
Finally, from a functional point of view, the Gächter clas

sification is also related to clinical outcomes according to 
the Bussiere functional evaluation score. Indeed, Yanmış 
et al. observed that better-operating results and higher 
Bussiere scores are seen in patients with low-grade Gächter 
stage, while fair and poor outcomes are often found in the 
high-grade Gächter location (Fig. 3).12 

Our systematic review has some limitations. The studies 
included in our analysis were not homogeneous regarding 
the selected population, and there was no standardization 

of the sample. Levels of evidence of the studies analyzed 
in our review were mainly low (grade IV). Furthermore, the 
duration and choice of antibiotic therapy were not always 
precise. 
There was no standardization in terms of irrigation and 

debridement technique and accuracy regarding surgical 
procedures. Despite this, a large sample of patients with 
knee septic arthritis was included in our analysis, and ex
citing data were obtained concerning the prognosis and ef
ficacy of treatment options for this severe disease. 

CONCLUSION 

Gächter classification showed a crucial prognostic role in 
predicting the outcome of surgical treatment of septic knee 
arthritis. In addition, our systematic review confirmed that 
disease staging with Gächter methods might help ortho
pedic surgeons guide treatment strategy. Regardless of the 
procedure performed (arthroscopic or open irrigation and 
debridement), a prompt operation and an accurate debride
ment of the synovial membrane are the most critical factors 
for eradicating infection and good clinical outcomes. 
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Figure 3.   Bussiere funciontal evaluation score     
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