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Abstract

Introduction Tibiocalcaneal (TC) arthrodesis is a limb
salvage method for patients with severe deformities com-
bined with necrosis and/or luxation of the talus. The aim of
this study was to examine the clinical and radiological
outcome of TC arthrodesis.

Materials and methods This retrospective study identified
12 patients with luxation and/or necrosis of the talus, due to
charcot neuroarthropathy (83.3 %) or traumatic injuries
(16.7 %). All patients underwent TC arthrodesis by an
external fixator or nail arthrodesis. The mean follow up was
18 (6-36) months with a mean age of 51.3 (30-66) years.
The data were collected using the AOFAS score as well as
clinical and radiological examination during regular follow
up.

Results Seven (58.3 %) patients were treated with an
external fixator, four (33.3 %) with nail arthrodesis and one
(8.3 %) patient rejected both fixation methods. Four
(100 %) patients achieved radiological and clinical bone
union after nail arthrodesis and four (57.1 %) patients after
external fixation. Three (42.9 %) patients treated by an
external fixator showed a radiological moderate bone
fusion, but a stable, asymptomatic non-union. One (8.3 %)
case ended up in transfemoral amputation. Eleven patients
(91.7 %) regained independent mobilization. The mean
AOFAS score improved from 24.3 preoperatively to 66.7
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postoperatively (p < 0.05). The postoperative satisfaction
rate was good to excellent in 83.3 %.
Conclusion TC arthrodesis is a promising and effective
method for the treatment of severe ankle deformities with
talus luxation. It allows patient’s return to mobility with
good to excellent patient satisfaction.
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Introduction

Severe ankle deformities with luxation and/or necrosis of
the talar body are very challenging for surgical treatment as
they lead to destruction of the hindfoot, ankle arthrosis and
poor function. Aetiologies of talar body necrosis could be
previous trauma [1], severe deformity [2], inflammatory
arthritis [3] or Charcot neuroarthropathy (CN) [4, 5]. Sur-
gical management has to consider severe bone loss due to
necrosis, bone fragility, diabetes, recurrent ulcers, circu-
lating disorders or infections in cases of CN. Surgical pre-
planning is multifactorial, including radiological exams as
well as consideration of comorbidities (e.g., diabetes,
neurological disorders), life style (e.g., smoking, alcohol
abuse) and patient expectations. For severe deformities,
ankle arthrodesis (internal or external fixation techniques)
is often the only alternative to limb amputation [6].
Tibiocalcaneal (TC) arthrodesis is typically considered as a
limb salvage procedure in patients with necrosis and dis-
location of the talar body or osteomyelitis [7, 8].
Depending on the presence or absence of ulcers and/or
infection, an internal or external fixation technique is
chosen. The aim of TC fusion is to create a stable,
plantigrade, braceable foot and thereby mobilize the patient
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[9]. Thereby transtibial or transfemoral amputation can be
prevented. Uncontrolled infection, non-union and failure of
fixation are the main causes for failed TC arthrodesis [7,
10]. Intramedullary nails as well as external fixators are
frequently used, as they offer stable fixation and allow full
weight bearing afterwards.

The aim of this study was to examine the clinical and
radiological outcome of TC arthrodesis in severe ankle
deformities with necrosis of the talar body.

Materials and methods

The present study was performed in accordance with the
Declaration of Helsinki. Between February 2012 and
March 2015 we retrospectively identified 12 patients with
luxation and/or necrosis of the talus, 10 (83.33 %) due to
Charcot deformity (Sanders stadium IV, Eichenholtz III)
and 2 (16.67 %) posttraumatic ankle luxation. All patients
underwent reconstruction of the ankle with talectomy fol-
lowed by TC arthrodesis using either an external fixator
(Hoffmann Xpress, Stryker, Kalamazoo, MI) or nail
arthrodesis (T2 SGA nail, Stryker, Kalamazoo, MI). The
mean follow up was 18 (£7.24; 6-36) months. Six
(50.0 %) patients were male and six (50.0 %) were female.
The mean age at time of surgery was 51.3 years (£10.45;
30-66). Seven left and five right ankles were operated.
Seven (58.3 %) patients were treated with an external
fixator, four (33.3 %) with nail arthrodesis and one (8.3 %)
patient rejected both fixation methods. In this patient the
TC arthrodesis was fixed by a dorsal plaster cast postop-
eratively. An overview of the patient’s demographics is
shown in Table 1. All patients included in this study were
conservatively incurable and had clear unstable deformi-
ties. Indications for an external fixator were recurrent
ulcers or a history of infection in the last 6 months.

Otherwise nail arthrodesis was favoured. Preoperative all
patients received a dorsoplantar and lateral standing
radiograph of the affected foot.

All surgeries were performed under general anaesthesia
in supine position. The aim was to rescue patient’s leg by
creating a stable arthrodesis in a plantigrade position. The
lateral malleolus and the talus were dissected. Afterwards
tibial and calcaneal joint surfaces were positioned con-
gruently in a plantigrade position. Depending on whether
there were ulcers or positive microbiological wound germs,
nail arthrodesis or an external fixator were used for TC
arthrodesis. Those patients with external fixation had to rest
their leg for at least 12 weeks until the external fixator was
removed. Afterwards an orthopaedic splint had to be worn
during night and a total contact cast for full weight bearing
by day for 12 months. After 1 year patients got an ortho-
paedic shoe with dispensing aid. All patients with nail
arthrodesis had to rest their leg for 6 weeks postopera-
tively. Afterwards they started weight bearing half of body
weight for 3 weeks and were allowed to full weight bearing
from the 10th week on. Within this period the operated
ankle was placed into a walker boot (VACO®ped, Ober-
laindern, Germany).

The outcome data were collected using the AOFAS
score pre- and postoperatively as well as clinical and
radiological examination during regular follow up at 6 and
12 weeks, 6 months, 1 year and then yearly postopera-
tively. The main focus of the postoperative examination
was an absent infection, possibility of independent mobi-
lization and radiological as well as clinical ankle fusion.
Also, all patients were asked, if they would perform sur-
gery again.

The Graph pad prism was used for statistical analysis.
The parametric ¢ test was performed to analyse for statis-
tically significant differences of paired data. To verify and
compare the different fixation techniques and status of

Table 1 Patients’

demographics Patient number Gender Age Ethiology Fixation technique Ulceration
1 f 40 Posttraumatic External fixator Yes
2 m 55 Posttraumatic External fixator Yes
3 m 55 Charcot Nail arthrodesis No
4 f 66 Charcot Nail arthrodesis No
5 m 64 Charcot Cast Yes
6 m 60 Charcot External fixator Yes
7 f 30 Charcot External fixator Yes
8 m 60 Charcot Nail arthrodesis No
9 m 53 Charcot Nail arthrodesis No
10 f 64 Charcot External fixator Yes
11 f 51 Charcot External fixator Yes
12 f 53 Charcot External fixator Yes

m Male, f female
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bone union regarding AOFAS score, the Kruskal-Wallis-
Test was used. A p value less than 0.05 indicated statistical
significance.

Results

All four (100 %) patients treated by nail arthrodesis
achieved clinical and radiological fusion at an average of
10.5 (£5.75; 6-18) months. After a period of 12 (£3.46;
6—18) months four (57.1 %) patients reached clinical and

Fig. 1 Preoperative radiograph
of a 55-year old male patient
with posttraumatic ankle
destruction followed by an
empyema of the ankle (a).
Directly postoperative
radiographs show talectomy and
tibiocalcanear arthrodesis by an
external fixator (b + c).
Radiograph 12 weeks
postoperatively, bony
consolidation started and the
external fixator was removed
(d). X-rays e and f show
postoperative status after 1 and
2 years with complete bone
union. The patient was able to
walk in a shoe with dispensing
aid

radiological bone fusion after external fixation. The
remaining three (42.9 %) cases with an external fixator
showed a moderate bone fusion in the radiographs, but
achieved a stable, asymptomatic pseudarthrosis in clinical
examination. Radiographs of two individual cases with TC
arthrodesis are shown in Figs. 1 and 2. 91.7 % regained
independent mobilization. In total, the mean AOFAS score
improved from 24.3 (£17.2; 0-48) preoperatively to 66.7
(£12.14; 45-83) postoperatively (p < 0.0001). The mean
pre- and postoperative AOFAS scores according to fixation
technique and postoperative bone union are shown in
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Fig. 2 X-rays a and b showing
a 66-year old female patient
with severe ankle deformity and
necrosis of the talar body due to
CN. Talectomy and nail
arthrodesis was performed
showing a plantigrade foot
postoperatively (¢ + d). X-rays
e and f show complete bone
union 1 year postoperatively.
The patient was able to walk in
a shoe with dispensing aid

Figs. 3 and 4. Clinical and radiological bone fusion was
missing in the patient treated by a dorsal plaster cast. This
case ended up in a transfemoral amputation due to an
exacerbated infection. Apart from this case no other intra-
or postoperative complications occurred. At final follow-up
there were no infections. All patients, except for the one
who ended up in amputation, gained independent mobi-
lization and were able to put full weight on the operated
ankle in a shoe with dispensing aid at last follow up. The
satisfaction with the procedure was good to excellent in
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83.3 % of the patients. All but one (8.3 %) patient would
have done surgery again.

Discussion

The most important finding of our study was that TC
arthrodesis is a successful limb salvage method for severe
ankle deformities. It allows independent mobilization by
producing a stable, plantigrade position of the foot, which
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Fig. 3 Pre- and postoperative AOFAS score according to the fixation
technique. Both after external fixation and nail arthrodesis the
AOFAS score improved significantly (p < 0.001)
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Fig. 4 Pre- and postoperative AOFAS score according to bone fusion
status. The improvements of the postoperative AOFAS score are
significant in both groups (p < 0.001)

is necessary for the orthopaedic technicians to perform
individual devices.

As mentioned above, complex ankle deformities with
necrosis and/or luxation of the talar body due to CN or
other aetiologies present a challenge for surgical treatment.
The main aim is to retain the limb and to restore mobility.
The collapse and destruction of the talar body causes high
instability of the ankle, combined with soft tissue damages,
that often lead to recurrent ulcerations and secondary
chronicle infections. Thus, talectomy with arthrodesis of
the foot and ankle often is the only way for stabilization
and cure of pre-existing infections to preserve the limb. In

total, our bone fusion rate seems to be relatively small, but
the main goal is a stable non-union situation. One has to
distinguish between the fixation techniques, since the pre-
operative clinical condition is considerably worse in
patients that received an external fixator, due to existing
ulcers or infections. In the present study, a bone fusion rate
of 100 % was achieved using intramedullary nail
arthrodesis. After external fixation 57.1 % showed com-
plete fusion in radiographs and 42.9 % had a stable and
asymptomatic non-union. This implies that radiological
bone fusion is not mandatory.

A stable pseudarthrosis seems to be sufficient for a good
functional outcome. Fabrin et al. [11] examined five TC
arthrodesis by an external fixator in patients with CN and
reported one bone fusion, two stable fibrous union, one
unstable pseudarthrosis and one transtibial amputation.
They also concluded that a stable fibrous union leads to
satisfying function. Similar results are presented by
Rochmann et al. [12]. Using an ilizarov external fixator for
salvage of traumatic, infected talar injuries in 11 patients,
they reported a mean AOFAS score of 65.0 postoperatively
and an 82 % bone fusion rate. This is also reflected in our
AOFAS score, as it improved significantly (from 23.0 to
63.0) in the three patients with a stable pseudarthrosis.
Overall, the postoperative improvements in our AOFAS
score show that the salvaged limbs gained a satisfactory
function after both fixation techniques.

After a mean follow-up of 5 years, Caravaggi et al. [10]
reached a 86.7 % limb salvage rate after tibiocalcaneal nail
arthrodesis in 45 patients with CN, seven with ulcers.
Compared to the outcome of arthrodesis in patients with
ulceration, the results are considerably better in patients
with intact skin and soft tissues. Dalla Paola et al. [13]
examined 18 patients with CN without chronic ulceration
and reported a 100 % limb salvage and a 77.8 % bone
fusion rate after nail arthrodesis. Likewise, Pinzur et al. [5]
achieved a 100 % limb salvage rate after nail arthrodesis in
patients with CN without ulcers. This underlines that the
rate of complications following arthrodesis is higher in
patients with existing infections or ulcerations, as reflected
in our results. Similar results are presented by Siebach-
meyer et al. [14], who examined the outcome of 20 patients
with CN, 15 with chronic ulceration, after intramedullary
nail arthrodesis. They achieved a limb salvage rate of
100 %, a 90 % bone fusion rate and all but one patient
regained independent mobilization. They concluded that
intramedullary nail arthrodesis is a successful fixation
technique even in the presence of ulcers. Thus, the exis-
tence of ulcers should not necessarily be considered as an
exclusion criterion for intramedullary nail arthrodesis.
Randomized studies should be carried out to confirm
superiority for any fixation technique in cases of patients
with chronic ulcerations.
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We acknowledge that there are limitations to our study.
First, our study does only present retrospective results, thus
causing recall bias. Second, our patient cohort is relatively
small, since the number of patients with such severe ankle
deformities is limited. Furthermore a power-analysis has
not been performed. Third, the results of the AOFAS scores
must be viewed critically [15]. CN leads to polyneuropathy
causing reduction of sensation of pain. Besides, TC
arthrodesis changes the gait and limits the function of the
foot and ankle. Thus, sub items such as pain and function
have limited significance.

Conclusion

TC arthrodesis is a promising and effective method as a
limb salvage procedure for severe ankle deformities with
talus luxation. It allows patient’s return to mobility with
good to excellent patient satisfaction. A stable fibrous
union seems to be sufficient for a good functional outcome.
To regain mobility especially in high-risk foot deformities
the individual orthopaedic custom made shoe manufacture
is very important for the long-term outcome. Good func-
tional results can only be achieved in well established
interdisciplinary teams as orthopaedic shoe makers, tech-
nicians and orthotists who work hand in hand with the
surgeons.
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