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Abstract
although there is a clear trend toward internal fixation
for ankle arthrodesis, there is general consensus that
external fixation is required for cases of  posttraumatic
infection. we retrospectively evaluated the technique
and clinical long term results of  external fixation in a
triangular frame for cases of  posttraumatic infection
of  the ankle. from 1993 to 2006 a consecutive series
of  155 patients with an infection of  the ankle was in-
cluded in our study. 133 cases of  the advanced
"gächter" stage III and Iv were treated with arthrode-
sis. we treated the patients with a two step treatment
plan. after radical debridement and sequestrectomy
the malleoli and the joint surfaces were resected. an
ao fixator was applied with two steinmann-nails in-
serted in the tibia and in the calcaneus and the gap was
temporary filled with gentamicin beads as the first
step. In the second step we performed an autologous
bone graft after a period of  four weeks. the case
notes were evaluated regarding trauma history, medical
complaints, further injuries and illnesses, walking and
pain status and occupational issues. Mean age at the
index procedure was 49.7 years (18-82), 104 patients
were male (67,1%). follow up examination after mean
4.5 years included a standardised questionnaire and a
clinical examination including the criteria of  the ao-
fas-score and radiographs. 92,7% of  the cases lead
to a stable arthrodesis. In 5 patients the arthrodesis
was found partly-stable. In six patients (4,5%) the in-
fection was not controllable during the treatment
process. these patients had to be treated with a below
knee amputation. the mean aofas score at follow
up was 63,7 (53-92). overall there is a high degree of
remaining disability. the complication rate and the re-
duced patient comfort reserve this method mainly for
infection. Joint salvage is possible in the majority of
cases with an earlier stage I and II infection.
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IntRoductIon

severe infection is still an important concern in the
treatment of  ankle and especially tibial plafond frac-
tures [1]. Predisposing factors for joint infection are in

particular open fractures, penetrating injuries, necrosis
of  the skin, soft tissue infection and comorbidity like
diabetes, rheumatism and vascular disease [1, 2].  goal
of  the treatment must primarily be control of  the in-
fection. secondly absence of  pain, mobility, joint func-
tion and the ability to return to work. the methods for
ankle arthrodesis differ significantly, probably a sign
that no method is clearly superior to others. In the last
ten years there is a clear favour toward internal fixa-
tion by screws with or without resection of  the joint
surfaces for cases of  posttraumatic arthritis [3-7]. sur-
prisingly, there are only very few publications concern-
ing arthrodesis for cases of  posttraumatic joint infec-
tion, which makes comparison of  the results of  post-
traumatic arthritis and septic cases difficult [8, 9].
Methods using internal fixation seem to provide better
comfort and compliance of  the patients and some au-
thors quote a higher rate of  non-union for the use of
external fixators [10-15]. on the other hand results of
internal fixation are often compared with historical
studies or techniques using the charnley-type external
fixation. compared to modern fixators, the charnley
type is a highly unstable frame fixator construction
[10, 16, 17]. studies directly comparing the techniques
were unable to find a significant difference in non
union rates [18-20]. In particular for cases of  joint in-
fection there is consensus, that external fixation is first
choice treatment [9, 13, 21-26].

PatIEnts

from 1993 to 2006 a consecutive series of  155 pa-
tients with posttraumatic septic arthritis of  the ankle
joint were included. Retrospectively the medical files
were evaluated regarding history of  trauma, medical
complaints, further injuries and illnesses, walking and
pain status, occupational issues and the clinical exami-
nation before arthrodesis. Mean age at the index pro-
cedure was 49.7 years (18-82), 104 patients were male
(67,1%). In all cases the joint infection occurred due
to trauma or a posttraumatic condition.  ankle frac-
tures and luxations were the cause of  infection in 59
cases (38%), fractures of  the tibial pilon in 94 cases
(61%) and lesions of  the fibular ligaments of  the ankle
in 2 cases (1%).  12 (20%) of  the ankle fractures and
44 (47%) of  the tibial pilon fractures were open frac-
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tures. Before our treatment started the patients had an
average on 3.7 operations (0-24) in pretreating hospi-
tals. the mean body mass index (BMI) was 28,5
kg/m2. More than 50% of  all patients were suffering
from relevant co-morbidity like obesity, diabetes and
alcoholism. the treatment was funded by the workers
injury compensation scheme in 87 patients, the re-
maining 68 were covered by the regular health insur-
ance. Excluded for this study were patients with asep-
tic arthritis of  the ankle joint and patients with non-
traumatic infection. seven patients (4,5%) were lost to
follow up and were therefore excluded. the extent of
infection was intraoperatively determined using the
gächter classification [27] (table 1). 

MEtHods

stagE adaPtEd tREatMEnt algoRItHM

we did not see any stage I infection in our study popu-
lation. 22 patients (14%) had a stage II Infection treat-
ed with bilateral arthrotomy, synovialectomy, debride-
ment and application of  antibiotic beads as the first
step. open wound treatment with daily irrigation in
the bath for one week followed. wound closure was
performed as the second step. systemic antibiotic
therapy was applied for at least five days in accordance
to the swab results. In 19 of  the 22 cases (86%) with a
stage II infection the joint could be salvaged. 3 cases
showed re-infection. 2 of  them were treated with
arthrodesis and one below knee amputation was nec-
essary.

133 cases (86%) with advanced stage III and Iv-In-
fections were treated with a two step treatment strate-
gy with distance arthrodesis by wide open resection of
joint surfaces and temporary filling with gentamicin
beads as the first step (table 2). systemic antibiotic
therapy was applied for at least five days in accordance
to the swab results. as the second step autologous
cancellous bone graft was performed after 4 weeks.

oPERatIvE tEcHnIquE of REsEctIon aRtHRodEsIs

an ao fixator was applied with 4 steinmann nails.
two steinmann-nails were inserted with approximately
8 cm distance in the tibia, and two in the calcaneus.
we recommend installing the external fixator before
resection of  joint surfaces and malleoli to prevent
malrotation. therefore draping should leave the knee
blank. Predetermined approaches were used if  possi-
ble. Metalwork implanted during previous operations
was completely removed. after radical debridement
and sequestrectomy of  the infected areas malleoli and
joint surfaces were resected. we aim for a neutral posi-
tion of  the arthrodesis with a maximum of  5° valgus
und slight dorsalisation of  the talus.

Postoperatively, subcutaneous low molecular weight
heparin was prescribed until full weight bearing was
achieved. Partial weight bearing with approximately 10
kg for 16 weeks followed (4 weeks from arthrodesis
until bone graft and 12 weeks after the bone graft). Pa-
tients were discharged after mean 16,4 days (12-34).
when bony union was confirmed on radiographs the
external fixator was removed in an outpatient setting.
all patients were supplied with an orthesis which al-
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Table 1. gächter Joint-infection classification.

Gächter Stage Clinical Aspect

I Hyperaemia of synovia, effusion

II Hypertrophia of synovia / pus

III Beginning cartilage damage, no radiological
destruction

Iv Radiological visible changes to bony structures, 
synovia grows over the cartillage

Table 2. stage adapted treatment of ankle joint infection.

Gächter stage - Treatment
Number of Patients

I = 0 Bilateral arthrotomy, open wound treatment for one week before closure.
II = 22 (14%)

III-Iv = 133 (86%) distance arthrodesis and temporary filling with gentamicin beads. autologous bone graft after 4 weeks.

Fig. 1. Resection arthrodesis with ao-external fixator and
gentamicin beads applied.



lowed incremental weight bearing over a period of  ap-
proximately 6 weeks. finally an arthrodesis boot was
fitted and used for at least one year (fig. 2). follow up
examination at mean 4.5 years (23-110 months) in-
cluded a standardised questionnaire and a clinical ex-
amination including the criteria of  the aofas-score
as described by kitaoka et al (1994) and radiographs.
the follow up examination was performed by an ex-
aminer that was not involved in the operative care of
the patients.

the aofas score gives scores from 0 to 100. a
score of  90-100 is judged as an excellent result, 75-89
as good, 60-74 as fair and below 60 as poor. follow-up
examination included all 133 patients treated with re-
section arthrodesis.

REsults

Evaluation of  the intraoperative swabs showed staph
aureus in the majority of  cases. 40 cases did not show
a positive swab, reason might be the previous therapy
with antibiotics (table 2).

after mean 15.3 (10–19) weeks after bone trans-
plantation radiographs confirmed satisfactory consoli-

dation of  the arthrodesis and the fixator was removed
(fig. 3). there were no cases of  deep vein thrombosis
or pulmonary embolism detected in the postoperative
period. 25 patients (18,8%) developed a pin tract in-
fection which healed under conservative measures. In
two cases (1.5%) a bony infection around a pin site de-
veloped making surgical procedures with debridement
and replacement of  the affected pin necessary. 125
(91,7%) of  the procedures lead to a stable arthrodesis.

In 5 patients (3,8%) the arthrodesis had to be stated
partly-stable. a negligible amount of  remaining, but
painfree, mobility occurred in these cases. In six pa-
tients (4,5%) the infection was not controllable during
the treatment process. these patients had to be treated
with a below knee amputation. we did not see any re-
infections after a stable arthrodesis was achieved. at
the follow up examination a mean leg length discrep-
ancy of  -13 mm (-5 to -19mm) was measured. lower
leg circumference difference was measured on average
with -21mm (-5 to -38mm). the mean aofas score
(diagram 1) at follow up was 63,7 (53-92). 60 Patients
(45%) returned to their previous occupation or were
stated fit to work by their gP. 12 patients (9%)
changed their occupation due to the results of  the ac-
cident and 61 patients (46%) retired due to the out-
come of  the accident.

dIscussIon

although two staged treatment protocols for the treat-
ment of  fractures of  the tibial plafond have been es-
tablished, posttraumatic infection is still an important
concern when dealing with these injuries [2, 28]. the
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Fig. 2. orthesis allowing partial weight bearing (left) and
arthrodesis boot (right).

Table. 2. Results intraoperative swab.

staph. aureus 95 (61%)
MRsa 8 (5%)
Mixed 12 (8%)
no pos. swab 40 (26%)



external compression arthrodesis as described by
charnley (1951) was the standard method for aseptic
arthrodesis of  the ankle joint for a long while. High
rates of  non union [10, 14, 15, 29] led to biomechani-
cal [5, 30-33] and clinical comparison with internal fix-
ation methods [10]. Biomechanical studies showed the
charnley type external fixator to have inferior stability
especially regarding rotational forces [34, 35]. Hagen
(1986) and Berman (1989) achieved a significant im-
provement in stability via a three point fixation using 2
more steinmann-nails and thereby improved union
rates. there are only few publications concerning
arthrodesis for cases of  posttraumatic joint infection,
what makes comparison of  the results of  posttraumat-
ic arthritis and septic cases difficult [8, 9] but for cases
of  joint infection there is consensus, that external fixa-
tion is the first choice treatment [9, 13, 21-26]. with
this technique we saw a non-union and failure rate of
8.5% in our series. the pinsite infection rate of  19% is
in accordance with other studies. In series treated with
internal fixation there are complication rates of  up to
10% reported due to the osteosynthesis material [5, 16,
36], the rate of  necessary further procedures including
the removal of  metalwork is reported between 11 to
22% [37]. the loss of  alignment was a known problem
of  the charnley type external fixation [15, 17], with
our frame setup of  the fixator, no secondary loss of
correction occurred in our study. the surgical tech-
niques for ankle arthrodesis differ. In the case of  infec-
tion it is required to radically remove all the infected
parts of  cartilage and bone. some authors recommend
to salvage the medial malleolus [16, 38] others always
perform arthrodesis under usage of  the osteomised
distal fibula [15, 38-40]. again our results suggest that

this is not necessary, the correction of  a deformity
might actually be hindered by remaining malleoli [31,
41]. the perfusion of  the talus is sometimes quoted as
a rationale for salvage of  the medial malleolus [16, 38].
we saw no cases of  osteonecrosis of  the talus in our
series.  for the aofas-score after internal osteosyn-
thesis results between 67 to 76 points are reported [16,
37, 42], which is compared to the slightly worse 63,7
points we found in our series treating only septic cases
of  the advanced gächter stage III and Iv. 

conclusIon

clinical outcome of  ankle arthrodesis with a frame-
pattern external fixator due to advanced infection
showed slightly worse results compared to arthrodesis
following posttraumatic arthritis. In advanced cases
the two staged treatment with arthrodesis gives satis-
factory healing rates, pain control and mobility. over-
all there is a high degree of  remaining disability. the
complication rate and the reduced patient comfort re-
serves this method mainly for cases of  infection and
for complicated soft tissue situations. Joint salvage is
possible in the majority of  cases with an earlier stage I
and II infection. Because infection of  the ankle joint is
often diagnosed in an advanced stage, when arthrode-
sis cannot be avoided and after several pervious opera-
tions, suspicious cases should be referred to a spe-
cialised center as early as possible.
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Fig. 3. stable arthrodesis, external fixator removed.

Diagram 1. grouped results of the aofas-score.
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