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Abstract 

Background The Ilizarov fixator is a popular device for treating arthrodesis of the ankle joint in complex situations. 
However, the therapy can fail, with nonunion or partial union that might not be load stable. There is the possibility 
of follow-up surgery or extended wearing of the fixator. Full weight bearing with a carbon orthosis remains another 
treatment option, which has not yet been investigated.The aim of the study was to determine the rate of progress 
that can be obtained with a carbon orthosis in cases of partial union or nonunion after fixator removal.

Methods In this retrospective observational study thirty-three patients received a carbon orthosis after fixator 
removal due to nonunion or partial union. All patients were allowed to walk with the orthosis under full load. The con-
solidation rate was determined radiologically and compared with the imaging data obtained during the last follow-
up. In addition to demographic data, the Foot and Ankle Ability Measure and pain using a numeric rating scale were 
determined. Nine patients had to be excluded due to insufficient follow-up, and finally n = 24 patients were included 
in the study.

Results The average duration of fixator use was 21 weeks (range 15–40 weeks), and the total average follow-up after 
removal of the fixator was 16 months (range 4- 56). For 14 (58.33%) patients, there was a further increase in consolida-
tion with the orthosis after the fixator was removed.

Conclusion The results show that if there is only partial union or nonunion, further consolidations can be achieved 
after the application of a carbon orthosis. In a difficult patient population, using an orthosis should therefore be 
attempted to avoid unnecessary revision operations.

Keywords Carbon orthosis, Ankle arthrodesis, Ilizarov fixator, Nonunion, Partial union

Background
For many years, good treatment results have been 
achieved with the Ilizarov fixator for arthrodesis in the 
ankle joint area. Ilizarov fixator application is an exter-
nal procedure that has been described in particular for 
patients complicated with acute or chronic infections, 
soft tissue defects, axial malpositions (varus/valgus) 
and relevant comorbidities (diabetes mellitus [DM], 

*Correspondence:
Charlotte Cibura
charlotte.cibura@bergmannsheil.de; charlottecibura@gmx.de
Department of Trauma Surgery and General Surgery, BG 
University Hospital Bergmannsheil, Ruhr University Bochum, 
Bürkle-de-La-Camp-Platz 1, 44789 Bochum, Germany

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13047-023-00613-3&domain=pdf
http://orcid.org/0000-0003-0161-0284


Page 2 of 14Cibura et al. Journal of Foot and Ankle Research           (2023) 16:15 

polyneuropathy [PNP], peripheral vascular disease 
[PVD]). The healing results described range between 73 
and 100% [1–13]. Most authors only describe the result 
of arthrodesis either as a union or as a failure in the sense 
of nonunion and/or infection. Only a few studies have 
described individual cases of partial consolidation or 
stable pseudarthrosis that were treated with an orthosis, 
and only in recent individual studies were the consolida-
tion rates determined adequately. However, these were 
internal arthrodesis procedures, and there is no uniform 
consensus on when arthrodesis is likely to be stable [1, 4, 
9, 10, 14–17]. In cases of nonunion or partial consolida-
tion, there is the possibility of extending fixator appli-
cation, follow-up surgery to perform cancellous bone 
apposition with or without a change of procedure to an 
internal procedure (plates/screws), rearthrodesis using 
an Ilizarov fixator or lower leg amputation [1, 4, 7–10]. 
Both rearthrodesis via the Ilizarov fixator and a process 
change to an internal procedure, however, can be made 
more difficult by the presence of vulnerable soft tissues, 
chronic osteomyelitis, multiple previous surgeries with 
already significant leg length differences, or incompli-
ance or rejection by the patient because of repeated long 
and complex therapy. Additionally, a prolonged fixator 
wearing time is often not tolerated by the patient because 
of the high rates of complications such as recurrent pin 
infections or broken pins [1, 18]. The alternative to lower 
leg amputation in these cases can be the adaptation of a 
custom-made orthosis, provided there is no fulminant 
infection. The attempt to mobilize in an adapted ortho-
sis in cases of partial union or nonunion after Ilizarov 
arthrodesis without any further internal osteosynthesis 
has only been described in very few cases, and so far, 
we are concerned that there are no studies on the fur-
ther courses of these patients [1, 2, 4, 9, 10, 13, 19]. The 
aim of this study was therefore to determine clinical and 
radiological results in a difficult patient population with 
orthosis after fixator removal and existing nonunion or 
partial union. Can bony consolidation increase even after 
several months of wearing the fixator due to a full load 
in the orthosis? What clinical results can this procedure 
achieve? Could the orthosis be a possible sensible alter-
native to another revision or amputation in such a diffi-
cult patient population?

Methods
Study design
The present study was performed in accordance with the 
Declaration of Helsinki. Ethical permission for this study 
was obtained from the ethics committee and informed 
consent was obtained from all patients before participa-
tion in the study (registration number: 18–6582-BR). 

This is a retrospective register study with a prospective 
follow-up.

Patient selection
All patients who underwent ankle fusion using the 
Ilizarov external fixator at our institution (level 1 trauma 
center) from 01/2013 to 01/2020 were retrospectively 
reviewed. All patients were included if they had tibiotalar 
joint (TT) arthrodesis, subtalar joint arthrodesis, simul-
taneous TT and subtalar joint arthrodesis or tibiocalca-
near (TC) arthrodesis and had received a carbon orthosis 
after fixator removal due to lack of consolidation or par-
tial consolidation that was (in our opinion) not guaran-
teed to be load stable without additional stabilization. For 
all these patients, further surgical treatment or extended 
fixator wearing was ruled out if they presented with vul-
nerable soft tissues/chronic osteomyelitis (COM)/previ-
ous illnesses/recurrent complications or if they refused 
such treatments. To capture all patients with these crite-
ria, a keyword analysis of all digitized files was performed 
by the authors. The medical records of these patients 
were retrospectively reviewed for the following factors: 
sex, age, associated relevant concomitant diseases, body 
mass index (BMI), smoking, reason for arthrodesis, time 
spent in the fixator, follow-up, consolidation rate, con-
solidation rate at the last follow-up and wearing time of 
the orthosis. The data were collected anonymously using 
Microsoft Excel © Version 14.7.7. The exclusion criteria 
were as follows:

1) Follow-up less than six months from the start of 
Ilizarov fixator application

2) Patients treated with the Ilizarov fixator for bone 
transport or fracture treatment

3) Wearing time of the orthosis less than three months
4) Age < 18 years

Incidence of fusion
The Incidence of fusion was determined according to the 
imaging results following fixator removal. It was divided 
into five groups (0%, 5–20%, 21–40%, 41–60%, 61–80%) 
and compared and evaluated with the imaging findings 
during the last follow-up examination. Fusion of a joint 
segment was defined as trabeculation or calcific den-
sity crossing the former space. In a total of 22 (91.67%) 
patients, computed tomography (CT) was performed at 
the time of fixator removal to determine consolidation. 
In 10 (41.67%) patients, this CT scan was compared with 
a scan obtained during the last follow-up. The consolida-
tion rate was calculated based on the method by Jones 
et  al. All sagittal images were retrospectively reviewed, 
the lengths of the fused segments and the lengths of each 
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joint on each slice were recorded, and the incidence of 
fusion was then calculated: fusion incidence = 100x (sum 
of lengths of fused segments on all slices/sum of lengths 
of joint surface) [14].

For 12 (50%) patients, X-ray images + CT were com-
pared with the X-ray images obtained at the last fol-
low-up. For these patients, consolidation was also 
first determined using the abovementioned CT-based 
method, and then the course was determined using the 
X-ray images. For two (8.33%) patients, only X-rays were 
compared with regard to trabeculation or calcific density 
crossing the former space. Follow-up CT was often not 
performed due to a lack of symptoms, the detection of an 
already clear change on X-ray or the patient’s refusal of 
further treatment and thus ethically intolerable increased 
radiation exposure. All patients were in our regular 
treatment while the fixator was in place (presentation 
took place every 14 days), and the indication for fixator 
removal and the application of an orthosis was made by 
the authors in each case.

For the evaluation of this study, all images were finally 
evaluated independently by two investigators (orthope-
dic surgeons), and if there were any discrepancies, the 
images were rated by a third independent person.

Treatment with the carbon orthosis
All patients included in this study received a custom-
made lower leg carbon orthosis, which they were 
instructed to wear daily for mobilization for at least 
3–6  months or longer if necessary. Full weight bearing 
was allowed with the orthosis.

Lower leg orthoses with permanently fixed ankle 
joints consist essentially of a lower leg shaft that is open 
towards the front, crosses the calves and extends proxi-
mally to about the knee bend, which merges distally into 
a foot section that is also open toward the front, rein-
forced in the ankle area and elastic in the forefoot area. 
The entire orthosis is mainly made of carbon fiber, with 
the exception of the elastic forefoot, which is made of 
aramid fiber. The orthosis is fixed to the lower leg with 
Velcro fasteners. The foot area is designed so that, typi-
cally, commercially available shoes can be worn, which in 
turn hold the foot/ankle area (Figs. 1, 2 and 3). The ortho-
sis was made by the orthopedic and medical supply store 
Care Center Rhein Ruhr GmbH, Germany.

Outcome score
To be able to determine pain and further outcomes, a 
prospective questionnaire with a numeric rating scale 
(NRS) and the validated German version of the Foot 
and Ankle Ability Measure (FAAM) was sent by mail 
and completed. The numeric rating scale was used to 
determine the actual pain, ranging from 0–10, with 0 

representing no pain at all and 10 representing maxi-
mum pain. The FAAM questionnaire was used to deter-
mine the possibility of everyday and sporting activities 
for the patients [20]. The resulting score has previously 
been shown to be a reliable, valid and responsive out-
come score of physical function in individuals with foot 
and ankle dysfunction [21]. The score comprises two sub-
areas, one with 21 questions relating to everyday prob-
lems (activities of daily life [ADLs]) and a sports subarea 
with eight questions. The results of the individual ques-
tions are added and shown as a percentage. A maxi-
mum of 100% can be achieved in each case. Additionally, 
patients had to rate their functioning in ADLs and sports 
with a percentage ranging from 0 to 100 (0 indicating an 
inability to perform ADLs or sport activities) and had to 
provide information about the functional status of their 
ankles/feet using a four-point rating scale.

Results
Patients
In the specified period, 319 patients experienced arthro-
desis in the area of the ankle using an Ilizarov fixator. 
For 33 (10.34%) of these patients, after removal of the 
fixator, a carbon orthosis was applied due to an existing 
nonunion or partial consolidation and the exclusion of 
further therapy options. Of these 33 patients, nine had 

Fig. 1 Picture of a custom-made carbon orthosis
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to be excluded due to insufficient follow-up, and finally 
n = 24 (7.52%) patients (follow-up rate: 72.73%) were 
included in the study. Table 1 provides an overview of the 
patient group. The total average follow-up after removal 
of the fixator was 16 months (range 4- 56). The Ilizarov 
fixator was used externally for all patients because of the 
presence of an acute or chronic infection (17 [70.83%] 
cases) and/or poor soft tissue, secondary diseases or 
noncompliance.

Incidence of Fusion
When evaluating the imaging findings in all cases, there 
was an agreement between the observers regarding an 
increase, decrease or no change in the consolidation. Dif-
ferent percentages were given for seven (29.17%) patients. 
In these cases, the images were also assessed by a third 
independent person, and a consensus could be found in 
all cases.

Figure 4 gives an overview of the course of the consoli-
dation. For 14 (58.33%) patients, there was an increase 
in consolidation with the orthosis after the fixator was 
removed (Table 2); for seven (29.17%) patients, no change 
could be recorded (Table  3); for two (8.33%) patients, 
the consolidation decreased (Table  4); and for one 
(4.17%) patient, there was an increase in consolidation 
in the upper ankle and a decrease in consolidation in the 
lower ankle (simultaneous arthrodesis) (Table 5, Figs. 5, 
6, 7, 8  and  9—Case 1, Figs.  10, 11, 12  and  13—Case 2). 

Fig. 2 Picture of a custom-made carbon orthosis

Fig. 3 Picture of a custom-made carbon orthosis

Table 1 Study group N = 24

Abbreviations: TT  tibiotalar, TC  tibiocalcanear, FU  follow up, DM  diabetes 
mellitus, BMI body measure index

Study group

Average age (years) 59 (range 27–77)

Sex
 Male 15 (62.5%)

 Female 9 (37.5%)

Duration in frame (weeks) 21 (range 15–40)

Average FU after fixator removal 16 months (range 4- 56)

TT arthrodesis 14 (85.33%)

Simultaneous TT/subtalar arthrodesis 5 (20.83%)

TC arthrodesis 5 (20.83%)

Rearthrodesis 12 (50%)

Average number of presurgeries 6 (range 0–24)

Comorbidities
 Nicotine abuse 11 (45.83%)

 DM 4 (16.67%)

 Mean BMI 31.0 (range 21–41)

 Wound healing disorders after fixator 
removal

3 (12,5%)

Autogenous cancellous bone 10 (41,67%)
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However, this last patient was amputated after 15 months 
due to an acute subtalar infection.

Of the 14 patients with an increase in consolidation, 
one (7.14%) patient initially had a consolidation rate 
of 61–80%, nine (64.29%) had a rate of 41–60%, two 
(14.29%) had a rate of 21–40%, one (7.14%) had a rate of 
5–20% and one (7.14%) had a rate of 0%. In 12 (85.71%) 
of the 14 patients, there was 81–100% consolidation dur-
ing an average follow-up of 18  months (range 4—56) 
(Table 2).

Of the seven patients without change, there was 
a consolidation of 0% among two (28.57%), 5–20% 
among three (42.86%) and 61–80% among two (28.57%) 
(Table  3). Here, the average follow-up was 11  months 
(range 4–33).

In two patients, the rate was between 21–40% and 
61–80% after removal of the fixator and continued to 
decrease over the course to 0% and 5–20%. Here, the fol-
low-up was seven and 46 months, respectively (Table 4).

Treatment with the carbon orthosis
All patients wore the orthosis regularly during the 
daytime and for any kind of mobilization for at least 
3 months. Sixteen (66.67%) patients were able to train off 
the orthosis after an average of 10 months (range 3–36) 
and switch to custom-made orthopedic shoes. Of these, 
nine patients had a consolidation of 80–100% in the last 

FU, two of 60–80%, one of 40–60%, two of 5–20%, and 
one of 0%, while one had no change (80–100% tibiotalar, 
5–20% subtalar) in the last FU. Seven (29.17%) patients 
continue to wear the orthosis during mobilization today. 
Of these, two and one patient had 0% and 5–20% con-
solidation, respectively (all with clinical instability), one 
patient had 60–80% consolidation and three patients 
had 80–100% consolidation in the last FU. One further 
patient was amputated.

Outcome score
The NRS and FAAM scores were fully recorded for 16 of 
23 (69.57%) patients after an average of 3,2  years (after 
fixator removal). Seven (43.75%) patients stated that they 
had no pain at all. Of these, three patients had a consoli-
dation of 81–100% at the last radiological FU, one patient 
had a consolidation of 61–80%, one had 81–100% TT and 
61–80% subtalar consolidation, one patient had 41–60% 
consolidation, and one had a consolidation of 5–20%. 
The remaining nine (56.25%) patients reported pain in 
the ankle, which averaged 4,8 on the numeric rating scale 
(range 2–8). Of these, at the last FU, two patients had 0%, 
one had 5–20%, one had 61–80%, four had 81–100% and 
one had 81–100% tibiotalar and 0–20% subtalar consoli-
dation. However, three of these last six patients already 
had advanced arthrosis in the subtalar or calcaneocuboid 
joint (CC) and talonavicular joints (TN), and one patient 

Fig. 4 Overview of the courses in the orthosis after fixator removal
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already had consolidation of the CC and TN during the 
last radiologic FU.

The FAAM score showed an average value of 49% 
(SD ± 18) on the subscale for ADL and 24% (SD ± 17) on 
the sports subscale. The results of the FAAM score along 
with a listing of the individual subscales are shown in 
Table 6.

Discussion
In the difficult patient population presented in this study, 
after fixator removal and under full load in a carbon 
orthosis, there was an increase in the bony consolidation 
of the arthrodesis zone in 58.33% (n = 14) of all 24 cases. 
This took place after the fixator had already been worn 
for an average of five months, and further risky surgeries 
were thus avoided. In most cases, there was consolidation 
between 41–60% after fixator removal, but an increase 
could also be recorded in patients with 21–40%, 5–20% 
and 0% consolidation. Mobilization under full load was 
possible for all patients.

In complex patient populations such as that described 
in this study, with multiple previous surgeries, already 
failed arthrodesis attempts, an infection history, poor 
soft tissues, a long medical history and/or relevant pre-
vious illnesses, the decision to repeat surgical treatment 
in cases of nonunion or partial union after wearing the 
Ilizarov fixator for several months is often difficult. In our 
opinion, the risk of a repeated infection following intro-
duction of internal osteosynthesis material would have 
been too high for many of these patients, and/or the soft 
tissue situation and previous illnesses would have meant 
an increased risk of a defect/wound healing disorder. 
An extension of the wearing time of the fixator or even 

another attempt at arthrodesis using the Ilizarov fixa-
tor is often not tolerated by the patient due to its bulky 
structure and the possibility of recurrent pin infections, 
further complications, injuries to the opposite leg and 
destruction of clothing and bed linen. The alternative is 
amputation. To prevent this, a carbon orthosis was first 
applied in this patient population with the provision of 
full weight bearing. To the best of our knowledge, the 
possibility of further treatment using a carbon orthosis 
in the case of partial consolidation or nonunion has not 
yet been described in cases of arthrodesis via an Ilizarov 
fixator.

In recent studies, primarily good results have been 
achieved with the Ilizarov fixator [1–13, 18]. However, 
most of these studies only described a union or a failure 
in cases of nonunion or infection. Arthrodesis is con-
sidered permanent if it is clinically stable and if X-ray 
or CT shows bridges, although this is described differ-
ently depending on the author. Khanfour et al. described 
arthrodesis as the detection of bridging trabeculation 
in at least 2 planes at the arthrodesis site on the radio-
gram [8]. Katensis et  al. required evidence of bridging 
trabeculae without a change in the position of the ankle 
under weight bearing, and Salem et  al. confirmed suc-
cessful arthrodesis by painless weight bearing as well as 
radiologically using plain radiographs or CT scans [7, 18]. 
Since X-ray was not always sufficiently meaningful in the 
complex courses of the patients in the current study, CT 
was also performed for almost all patients after the fixa-
tor was removed. A much more precise statement about 
the consolidation of the arthrodesis could thus be made 
[14–17]. The abovementioned patients all showed only 
partial consolidation or nonunion. To avoid breaking 

Table 4 Patient demographics and consolidation—consolidation decreased in two (8.33%) patients (N = 24)

ID Age Sex BMI Smoking DM Comorbidities Diagnosis Type of 
Arthrodesis

Consolidation at 
fixator removal 
in %

Consolidation 
at last FU in %

10 66 m 38,8 No No HTN, artrial fibrillation, 
alcohol abuse, varicosis

Post-traumatic, 
acute infection

TT 61–80 5–20

18 60 m 38,6 No Yes Varicosis, chronic pain 
syndrome

Post-traumatic, 
COM

TT 21–40 0

Table 5 Patient demographics and consolidation—one (4.17%) patient with an increase in consolidation in the upper ankle and a 
decrease in the lower ankle (N = 24)

Abbreviations: F female, M male, COM chronic osteomyelitis, DM diabetes mellitus, PNP polyneuropathy, PVD peripheral vascular disease, HTN hypertension, CAD 
coronary artery disease, MI myocardial infarction, COPD chronic obstructive lung disease, TT tibiotalar, TC tibiocalcanear

ID Age Sex BMI Smoking DM Comorbidities Diagnosis Type of 
Arthrodesis

Consolidation at 
fixator removal in %

Consolidation at 
last FU in %

16 60 f 32 Yes No Rheumatoid arthritis, 
PNP, COPD, osteoporosis, 
depression

Post-traumatic, 
Acute infection

TT + subtalar TT 61–80, subtalar 61–80 TT 81–100, subtalar 
21–40
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the existing bone bridges in this complicated patient 
group and to achieve a further increase in consolidation 
even without a fixator or additional internal osteosyn-
thesis material, an orthosis was applied. This allowed all 
patients to walk, and repeated surgical treatment with all 
risks and complications was avoided.

The grouping of the consolidation rate as sets of per-
centages was based on Jones et  al. [14]. He described a 
system for calculating the extent of consolidation and 
divided it into the following groups: 0–33%, nonunion, 

Fig. 5 Case 1: X-ray (a.p. and lateral) and sagittal CT of a 57-year-old 
patient with a partial consolidation of 5–20% after fixator removal. 
The wearing time was 23 weeks. The initial ankle fracture was 
followed by multiple surgeries, leading to the development 
of chronic osteomyelitis and an already frustrating attempt at 
arthrodesis. In the last X-ray (a.p. and lateral), and after a follow-up of 
19.5 months, there was a clear increase in consolidation. The patient 
stated that he had no pain. The FAAM score was 33 for the ADL part 
and 0 for the sports part. However, his BMI was 39.9, and the patient 
continued wearing the orthosis because it made him feel safer

Fig. 6 Case 1: X-ray (a.p. and lateral) and sagittal CT of a 57-year-old 
patient with a partial consolidation of 5–20% after fixator removal. 
The wearing time was 23 weeks. The initial ankle fracture was 
followed by multiple surgeries, leading to the development 
of chronic osteomyelitis and an already frustrating attempt at 
arthrodesis. In the last X-ray (a.p. and lateral), and after a follow-up of 
19.5 months, there was a clear increase in consolidation. The patient 
stated that he had no pain. The FAAM score was 33 for the ADL part 
and 0 for the sports part. However, his BMI was 39.9, and the patient 
continued wearing the orthosis because it made him feel safer
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34–66%, partial consolidation, and 67–100%, consolida-
tion. However, this was via the application of an internal 
arthrodesis procedure. Further studies by Dorsey et  al. 
and Glazebrook et  al. followed this system for internal 
arthrodesis as well and stated that arthrodesis is sta-
ble from over 33% or over 25- 49% [15, 17]. For internal 
arthrodesis, there is therefore no consensus regarding 
the consolidation rate on CT when partial consolidation 
is sufficiently stable. After external arthrodesis using an 
Ilizarov fixator, very few authors describe partial consoli-
dations or tight pseudarthroses that were subsequently 
treated with an orthosis. However, the further course 
of the patients remains unclear. Kugan et  al. described 
a patient with nonunion who could mobilize with an 
orthosis with pain. El Alfy et al. also described a patient 
with fibrous nonunion who was able to mobilize with an 
orthosis, and Zarutzy et  al. described five patients who 
needed a supporting orthosis (four stable pseudarthroses 
and one malunion) [4, 9, 10]. In a study on tibiocalca-
near arthrodesis by Reinke et al., a patient with a partial 
consolidation of 40–50% and four patients with stable 
pseudarthrosis were described, all of whom were also 
treated with an orthosis [1].

In this study, 14 (58.33%) patients under load in the 
orthosis showed an increase in consolidation six months 
after the start of arthrodesis. In nine (64.29%) patients, 

there was an initial consolidation of 41–60%, and in some 
cases, an orthosis might not have been necessary. How-
ever, given the long course of the disease, we did not 
want to take any risks, and the orthosis initially provides 
the patient with security so that a full load is possible. In 
four other patients, the consolidation was 0% (1), 5–20% 
(1) and 21–40% (2). The risk of a break in areas with few 
bridges would have been too high, and a safe increase 
could be achieved with the orthosis. Among the seven 
(29.17%) patients with no change, the majority only had 

Fig. 7 Case 1: X-ray (a.p. and lateral) and sagittal CT of a 57-year-old 
patient with a partial consolidation of 5–20% after fixator removal. 
The wearing time was 23 weeks. The initial ankle fracture was 
followed by multiple surgeries, leading to the development 
of chronic osteomyelitis and an already frustrating attempt at 
arthrodesis. In the last X-ray (a.p. and lateral), and after a follow-up of 
19.5 months, there was a clear increase in consolidation. The patient 
stated that he had no pain. The FAAM score was 33 for the ADL part 
and 0 for the sports part. However, his BMI was 39.9, and the patient 
continued wearing the orthosis because it made him feel safer

Fig. 8 Case 1: X-ray (a.p. and lateral) and sagittal CT of a 57-year-old 
patient with a partial consolidation of 5–20% after fixator removal. 
The wearing time was 23 weeks. The initial ankle fracture was 
followed by multiple surgeries, leading to the development 
of chronic osteomyelitis and an already frustrating attempt at 
arthrodesis. In the last X-ray (a.p. and lateral), and after a follow-up of 
19.5 months, there was a clear increase in consolidation. The patient 
stated that he had no pain. The FAAM score was 33 for the ADL part 
and 0 for the sports part. However, his BMI was 39.9, and the patient 
continued wearing the orthosis because it made him feel safer
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0% (2) or 5–20% consolidation (3), which could indicate 
that an increase occurs sooner when at least 21–40% ossi-
fication has already occurred. However, the follow-up for 
these patients was shorter at 11 months (average) than for 
the patients with an increase (17.4 months), and with such 
a small number, no definitive statement can be made.

The 58.33% of the patients who experienced an 
increase in consolidation does not seem very high at 
first, but this must be considered against the background 
of a difficult patient population. Eleven (45.83%) patients 
were smokers, the average BMI of 31.0 was in the range 
of obesity grade 1, four (16.67%) patients had diabetes 
mellitus, three (12.5%) patients presented with wound 
healing disorders during as well as after fixator removal, 
and other difficult diseases such as chronic kidney failure 
with renal osteopenia, osteoporosis, rheumatoid arthri-
tis, PVD, depression, and alcohol abuse were recorded 
(Tables 2, 3, 4 and 5). Twelve (50%) patients experienced 
a second attempt after a previous frustrating arthrode-
sis, and one patient experienced a third attempt. In a 
study on 88 patients with internal subtalar arthrodesis, 
Chahal et al. showed that smokers and patients with DM 
had a 3.8- and 18.7-fold higher probability of malunion 

Fig. 9 Case 1: X-ray (a.p. and lateral) and sagittal CT of a 57-year-old 
patient with a partial consolidation of 5–20% after fixator removal. 
The wearing time was 23 weeks. The initial ankle fracture was 
followed by multiple surgeries, leading to the development 
of chronic osteomyelitis and an already frustrating attempt at 
arthrodesis. In the last X-ray (a.p. and lateral), and after a follow-up of 
19.5 months, there was a clear increase in consolidation. The patient 
stated that he had no pain. The FAAM score was 33 for the ADL part 
and 0 for the sports part. However, his BMI was 39.9, and the patient 
continued wearing the orthosis because it made him feel safer

Fig. 10 Case 2: CT (coronal and sagittal) of a 53-year-old patient with 
multiple surgeries and two frustrated attempts at arthrodesis using 
internal procedures. Four-month follow-up CT shows an increase 
in TT consolidation of up to 80–100%. The patient was able to train 
off the orthosis and switch to custom-made orthopedic shoes. The 
patient currently complains of pain with a visual analog scale score of 
5 in the foot/ankle joint during exercise, but the CT now also shows 
clear arthrosis in the TN and CC joints
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and that the worst functional outcome was observed in 
patients with DM [22].

The results of the FAAM score were significantly worse 
for the ADL subscale with 49% (SD ± 18) and for the 
sport subscale with 24% (SD ± 17) than for other stud-
ies. Kerkhoff et  al. described an average value of 70% 
(SD ± 22.3) for the ADL subscale and 29% (SD ± 27.8) for 
the sport subscale in 122 patients. However, these were 

primary internal arthrodeses in the case of degenerative 
changes, and the BMI was lower at 27.5 (SD ± 4,9); no 
statement was made regarding DM [23]. Strasser et  al. 
described a score of 81.5 (SD ± 18.3) in patients over 70 
after internal arthrodesis [24]. The BMI or other previous 
illnesses were not reported. A division into subscales was 
not made here either. Morasiewicz et al. achieved values 
of 79% (56–88) after Ilizarov arthrodesis and 70% (49–
91) after internal arthrodesis [25]. Although this included 
patients with infection, vulnerable soft tissues and 
deformities, there are no reports of complicated courses 
with frustrating arthrodesis in advance. The average age 
of 44  years was also significantly younger than that of 
59 years in this study. However, it shows that the overall 
outcome with partial consolidation and orthosis for com-
plicated patients (multiple interventions, frustrating pre-
vious arthrodesis attempts, long disease courses and/or 
multiple previous illnesses) is worse overall, so orthosis 
should be seen as a salvage procedure and only be pro-
vided an alternative for individual cases.

Limitations
This study has several limitations. The study sample of 
24 patients was small, and the study mainly had a ret-
rospective design. However, these are complex indi-
vidual patients after following Ilizarov arthrodesis, 
which is otherwise a well-investigated therapeutic pro-
cedure; therefore, it is not expected that a large number 
of patients should be encountered. Even if CT had been 
performed for almost all patients after fixator removal, 

Fig. 11 Case 2: CT (coronal and sagittal) of a 53-year-old patient with 
multiple surgeries and two frustrated attempts at arthrodesis using 
internal procedures. Four-month follow-up CT shows an increase 
in TT consolidation of up to 80–100%. The patient was able to train 
off the orthosis and switch to custom-made orthopedic shoes. The 
patient currently complains of pain with a visual analog scale score of 
5 in the foot/ankle joint during exercise, but the CT now also shows 
clear arthrosis in the TN and CC joints

Fig. 12 Case 2: CT (coronal and sagittal) of a 53-year-old patient with 
multiple surgeries and two frustrated attempts at arthrodesis using 
internal procedures. Four-month follow-up CT shows an increase 
in TT consolidation of up to 80–100%. The patient was able to train 
off the orthosis and switch to custom-made orthopedic shoes. The 
patient currently complains of pain with a visual analog scale score of 
5 in the foot/ankle joint during exercise, but the CT now also shows 
clear arthrosis in the TN and CC joints
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only 10 (41.67%) patients underwent follow-up CT. In 
the remaining patients, CT and X-rays were compared 
with only X-rays. However, further CT diagnostics would 
in some cases not have been ethically justifiable if the 
change was already clearly visible on comparable X-ray 
images or because there would have been no further con-
sequences for the patient. Thus, the radiological percent-
ages could not be determined exactly.

For patients without a change, the follow-up was 
significantly shorter than for patients who did dem-
onstrate change, so no statement can be made here 
as to whether a change might still occur in the course 
of the process, which would potentially increase the 
rate of ossification even further. The outcome scores 
could not be recorded for all patients because some 
had moved to an unknown location or had already 
died from other causes. A longer follow-up would be 
necessary here to make a reliable statement regard-
ing the long-term outcome. In addition, there was no 
comparable control group without an orthotic device, 
so no statement can be made regarding the course in 
this case.

Conclusion
In conclusion we found that in cases of difficult patients 
or tissue conditions and partial consolidation after 
arthrodesis in the ankle joint using the Ilizarov fixator, 
further ossification can be detected in some patients after 
fixator removal following the use of a carbon orthosis. 
Thus, further surgical treatment or extended wearing of 
the fixator could be avoided in such complex cases.

Abbreviations
ADL  Activities of daily life
FAAM  Ankle Ability Measure
BMI  Body mass index
CC  Calcaneocuboid joint
COM  Chronic osteomyelitis
CT  Computed tomography
DM  Diabetes mellitus
FU  Follow up
NRS  Numeric rating scale
PNP  Polyneuropathy
PVD  Peripheral vascular disease
TT  Tibiotalar
TC  Tibiocalcanear
TN  Talonavicular joints

Acknowledgements
We acknowledge support by the Open Access Publication Funds of the 
University of B.

Authors’ contributions
All authors contributed to the study conception and design. Data collec-
tion and analysis were performed by CC, SL, TR, CU, PG TS and MK. The first 
draft of the manuscript was written by CC, and all authors commented on 
previous versions of the manuscript. All authors read and approved the final 
manuscript.

Fig. 13 Case 2: CT (coronal and sagittal) of a 53-year-old patient with 
multiple surgeries and two frustrated attempts at arthrodesis using 
internal procedures. Four-month follow-up CT shows an increase 
in TT consolidation of up to 80–100%. The patient was able to train 
off the orthosis and switch to custom-made orthopedic shoes. The 
patient currently complains of pain with a visual analog scale score of 
5 in the foot/ankle joint during exercise, but the CT now also shows 
clear arthrosis in the TN and CC joints

Table 6 FAAM score for 16 patients (ADLs and Sports)

FAAM, mean ± SD, % Value
ADL subscale 49 ± 18

ADL global 0–100 rating scale 38 ± 20

Sport subscale 24 ± 17

Sport global 0–100 rating scale 21 ± 26

Higher scores represent higher levels of function for each subscale, 
with 100% representing no dysfunction

FAAM overall level of function in %
Normal 0

Nearly normal 18

Abnormal 47

Severely abnormal 35



Page 14 of 14Cibura et al. Journal of Foot and Ankle Research           (2023) 16:15 

Funding
Open Access funding enabled and organized by Projekt DEAL. This research 
did not receive any specific grant from funding agencies in the public, com-
mercial or not-for-profit sectors.

Availability of data and materials
All of the data are electronically available.

Declarations

Ethics approval and consent to participate
There is a positive statement of the Institutional Review Board for this work 
(registration number: 18–6582-BR). All patients agreed to participate in the 
study.

Consent for publication
All authors have approved the publication.

Competing interests
CC, SL, TR, CU, PG, TS and MK confirm that there is no conflict of interest.

Received: 4 July 2022   Accepted: 12 March 2023

References
 1. Reinke C, Lotzien S, Yilmaz E, Hanusrichter Y, Ull C, Baecker H, Schildhauer 

TA, Geßmann J. Tibiocalcaneal arthrodesis using the Ilizarov fixator in 
compromised hosts: an analysis of 19 patients. Arch Orthop Trauma Surg. 
2022;142(7):1359–66. https:// doi. org/ 10. 1007/ s00402- 021- 03751-0.

 2. Cibura C, Lotzien S, Yilmaz E, Baecker H, Schildhauer TA, Gessmann J. 
Simultaneous septic arthrodesis of the tibiotalar and subtalar joints with 
the Ilizarov external fixator-an analysis of 13 patients. Eur J Orthop Surg 
Traumatol. 2021. https:// doi. org/ 10. 1007/ s00590- 021- 03075-0.

 3. Hasan O, Fahad S, Sattar S, Umer M, Rashid H. Ankle arthrodesis using 
Ilizarov ring fixator: a primary or salvage procedure? An analysis of twenty 
cases. Malays Orthop J. 2018;12(3):24–30. https:// doi. org/ 10. 5704/ MOJ. 
1811. 006.

 4. ElAlfy B, Ali AM, Fawzy SI. Ilizarov external fixator versus retrograde 
intramedullary nailing for ankle joint arthrodesis in diabetic charcot 
neuroarthropathy. J Foot Ankle Surg. 2017;56(2):309–13. https:// doi. org/ 
10. 1053/j. jfas. 2016. 10. 014.

 5. Fragomen AT, Borst E, Schachter L, Lyman S, Rozbruch SR. Complex 
ankle arthrodesis using the Ilizarov method yields high rate of fusion. 
Clin Orthop Relat Res. 2012;470(10):2864–73. https:// doi. org/ 10. 1007/ 
s11999- 012- 2470-9.

 6. Gessmann J, Ozokyay L, Fehmer T, Muhr G, Seybold D. Die arthrodese 
des sprunggelenks in infektsituationen: ergebnisse mit dem Ilizarov-ring-
fixateur [Arthrodesis of the infected ankle joint: results with the Ilizarov 
external fixator]. Z Orthop Unfall. 2011;149(2):212–8. https:// doi. org/ 10. 
1055/s- 0030- 12503 60.

 7. Salem KH, Kinzl L, Schmelz A. Ankle arthrodesis using Ilizarov ring fixators: 
a review of 22 cases. Foot Ankle Int. 2006;27(10):764–70. https:// doi. org/ 
10. 1177/ 10711 00706 02701 002.

 8. Khanfour AA. Versatility of Ilizarov technique in difficult cases of ankle 
arthrodesis and review of literature. Foot Ankle Surg. 2013;19(1):42–7. 
https:// doi. org/ 10. 1016/j. fas. 2012. 10. 001.

 9. Kugan R, Aslam N, Bose D, McNally MA. Outcome of arthrodesis of the 
hindfoot as a salvage procedure for complex ankle pathology using the 
Ilizarov technique. Bone Joint J. 2013;95-B(3):371–7. https:// doi. org/ 10. 
1302/ 0301- 620X. 95B3. 29885.

 10 Zarutsky E, Rush SM, Schuberth JM. The use of circular wire external 
fixation in the treatment of salvage ankle arthrodesis. J Foot Ankle Surg. 
2005;44(1):22–31. https:// doi. org/ 10. 1302/ 0301- 620X. 95B3. 29885.

 11. Nihal A, Gellman RE, Embil JM, Trepman E. Ankle arthrodesis. Foot Ankle 
Surg. 2008;14(1):1–10. https:// doi. org/ 10. 1016/j. fas. 2007. 08. 004.

 12. Hawkins BJ, Langerman RJ, Anger DM, Calhoun JH. The Ilizarov technique 
in ankle fusion. Clin Orthop Relat Res. 1994;303:217–25.

 13. Rochman R, Jackson Hutson J, Alade O. Tibiocalcaneal arthrodesis using 
the Ilizarov technique in the presence of bone loss and infection of the 
talus. Foot Ankle Int. 2008;29(10):1001–8. https:// doi. org/ 10. 3113/ FAI. 
2008. 1001.

 14. Jones CP, Coughlin MJ, Shurnas PS. Prospective CT scan evaluation of 
hindfoot nonunions treated with revision surgery and low-intensity 
ultrasound stimulation. Foot Ankle Int. 2006;27(4):229–35. https:// doi. org/ 
10. 1177/ 10711 00706 02700 401.

 15. Glazebrook M, Beasley W, Daniels T, Evangelista PT, Donahue R, Younger 
A, Pinzur MS, Baumhauer JF, DiGiovanni CW. Establishing the relationship 
between clinical outcome and extent of osseous bridging between com-
puted tomography assessment in isolated hindfoot and ankle fusions. 
Foot Ankle Int. 2013;34(12):1612–8. https:// doi. org/ 10. 1177/ 10711 00713 
504746.

 16. Coughlin MJ, Grimes JS, Traughber PD, Jones CP. Comparison of 
radiographs and CT scans in the prospective evaluation of the fusion of 
hindfoot arthrodesis. Foot Ankle Int. 2006;27(10):780–7. https:// doi. org/ 
10. 1177/ 10711 00706 02701 004.

 17. Dorsey ML, Liu PT, Roberts CC, Kile TA. Correlation of arthrodesis 
stability with degree of joint fusion on MDCT. AJR Am J Roentgenol. 
2009;192(2):496–9. https:// doi. org/ 10. 2214/ AJR. 08. 1254.

 18. Katsenis D, Bhave A, Paley D, Herzenberg JE. Treatment of malunion and 
nonunion at the site of an ankle fusion with the Ilizarov apparatus. J Bone 
Joint Surg Am. 2005;87(2):302–9. https:// doi. org/ 10. 2106/ jbjs.c. 01421.

 19. Rosteius T, Lotzien S, Königshausen M, Rausch V, Cibura C, Behr B, Lehn-
hardt M, Schildhauer TA, Geßmann J. Analysis of bone transport for ankle 
arthrodesis as a limb salvage procedure for the treatment of septic pilon 
fracture nonunion. Sci Rep. 2021;11(1):24472. https:// doi. org/ 10. 1038/ 
s41598- 021- 04187-7.

 20. Nauck T, Lohrer H. Translation, cross-cultural adaption and validation of 
the German version of the Foot and Ankle Ability Measure for patients 
with chronic ankle instability. Br J Sports Med. 2011;45(10):785–90. 
https:// doi. org/ 10. 1136/ bjsm. 2009. 067637.

 21. Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson MS, Sanders M. 
Clinical rating systems for the ankle-hindfoot, midfoot, hallux, and lesser 
toes. Foot Ankle Int. 1994;15(7):349–53. https:// doi. org/ 10. 1177/ 10711 
00794 01500 701.

 22. Chahal J, Stephen DJ, Bulmer B, Daniels T, Kreder HJ. Factors associ-
ated with outcome after subtalar arthrodesis. J Orthop Trauma. 
2006;20(8):555–61. https:// doi. org/ 10. 1097/ 01. bot. 00002 11156. 13487. 6a.

 23. Kerkhoff YRA, Keijsers NLW, Louwerens JWK. Sports participation, 
functional outcome, and complications after ankle arthrodesis: midterm 
follow-up. Foot Ankle Int. 2017;38(10):1085–91. https:// doi. org/ 10. 1177/ 
10711 00717 717221.

 24. Strasser NL, Turner NS. Functional outcomes after ankle arthrodesis in 
elderly patients. Foot Ankle Int. 2012;33(9):699–703. https:// doi. org/ 10. 
3113/ FAI. 2012. 0699.

 25. Morasiewicz P, Dejnek M, Orzechowski W, Urbański W, Kulej M, Dragan SŁ, 
Dragan SF, Pawik Ł. Clinical evaluation of ankle arthrodesis with Ilizarov 
fixation and internal fixation. BMC Musculoskelet Disord. 2019;20(1):167. 
https:// doi. org/ 10. 1186/ s12891- 019- 2524-1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00402-021-03751-0
https://doi.org/10.1007/s00590-021-03075-0
https://doi.org/10.5704/MOJ.1811.006
https://doi.org/10.5704/MOJ.1811.006
https://doi.org/10.1053/j.jfas.2016.10.014
https://doi.org/10.1053/j.jfas.2016.10.014
https://doi.org/10.1007/s11999-012-2470-9
https://doi.org/10.1007/s11999-012-2470-9
https://doi.org/10.1055/s-0030-1250360
https://doi.org/10.1055/s-0030-1250360
https://doi.org/10.1177/107110070602701002
https://doi.org/10.1177/107110070602701002
https://doi.org/10.1016/j.fas.2012.10.001
https://doi.org/10.1302/0301-620X.95B3.29885
https://doi.org/10.1302/0301-620X.95B3.29885
https://doi.org/10.1302/0301-620X.95B3.29885
https://doi.org/10.1016/j.fas.2007.08.004
https://doi.org/10.3113/FAI.2008.1001
https://doi.org/10.3113/FAI.2008.1001
https://doi.org/10.1177/107110070602700401
https://doi.org/10.1177/107110070602700401
https://doi.org/10.1177/1071100713504746
https://doi.org/10.1177/1071100713504746
https://doi.org/10.1177/107110070602701004
https://doi.org/10.1177/107110070602701004
https://doi.org/10.2214/AJR.08.1254
https://doi.org/10.2106/jbjs.c.01421
https://doi.org/10.1038/s41598-021-04187-7
https://doi.org/10.1038/s41598-021-04187-7
https://doi.org/10.1136/bjsm.2009.067637
https://doi.org/10.1177/107110079401500701
https://doi.org/10.1177/107110079401500701
https://doi.org/10.1097/01.bot.0000211156.13487.6a
https://doi.org/10.1177/1071100717717221
https://doi.org/10.1177/1071100717717221
https://doi.org/10.3113/FAI.2012.0699
https://doi.org/10.3113/FAI.2012.0699
https://doi.org/10.1186/s12891-019-2524-1

	Rate of progressive healing with a carbon-fiber orthosis in cases of partial union and nonunion after ankle arthrodesis using the Ilizarov external fixator
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design
	Patient selection
	Incidence of fusion
	Treatment with the carbon orthosis
	Outcome score

	Results
	Patients
	Incidence of Fusion
	Treatment with the carbon orthosis
	Outcome score

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


