
Abstract. Background: The aims of this study were to
establish the likelihood of additional surgery after ankle fusion,
determine the interval for developing osteoarthrosis in the
ipsilateral subtalar or Chopart joints, and evaluate its clinical
relevance. Material and Methods: A retrospective clinical and
radiological study with a minimum follow-up of 24 months was
performed. Short-Form 36 Heath Survey, Foot Function Index,
American Orthopaedic Foot and Ankle Society Score (AOFAS)
and a visual analog scale (VAS) were used to evaluate pain
level and quality of life in at least 62 adult patients.  Results:
A total of 57% of our patients developed osteoarthrosis in at
least one of the related joints and 28% of them required
additional surgery due to pain. Patients who received workers’
compensation had significantly lower AOFAS and higher VAS
pain values. Conclusion: More than half of the study cohort
developed osteoarthrosis in the related joints after ankle fusion,
but fewer than one-third required further joint fusion surgery
as a consequence. 

Despite the emergence of total ankle arthroplasty, ankle
fusion is still considered the gold standard for the treatment
of severe osteoarthrosis of the ankle joint. It achieves
significant pain relief in the majority of patients (1, 2).
However, consequent overloading of the subtalar and

Chopart joints is known to cause secondary degenerative
changes. This may cause pain and lead to further surgery
with loss of hindfoot mobility. 
Several studies have evaluated the mid- and long-term

functional outcome after ankle fusion (1-7). Some studies
compared the outcome after ankle fusion and arthroplasty (8-
11). Good results were found in the majority of cases with high
rates of patient satisfaction (1, 5, 12). Nevertheless, Ebalard et
al. reported that 84% of patients complained of pain after a
minimum follow-up of 10 years (13). In other studies, the
prevalence of osteoarthrosis ranged from 24-100% in the
subtalar joint and from 18-77% in the Chopart joints (14). 
The incidence of osteoarthrosis in adjacent joints after

ankle fusion, as well as the most common interval within
which it develops with long-term follow-up, is still unknown.
Equally, the correlation between radiological findings and
functional limitation and pain remains unclear. Fuchs et al.
did not find a correlation between quality of life and the
radiological grade of osteoarthrosis in the subtalar and
Chopart joints (3). 
The non-union rate after ankle fusion is reported to range

between 1-16% (6, 7, 12, 15). Obesity and nicotine abuse have
been cited as risk factors for non-union in the current literature
(16, 17). However, other studies do not fully corroborate these
findings. Ebalard et al. did not find any correlation between
non-union rate and body mass index (BMI) (13). Collman et
al. reported a trend towards non-union in obese patients (16).
Previous studies have shown that insurance status also has an
impact on results after surgery. Compared to Public Health
Insurance, Workers Compensation seems to be a predictor for
inferior outcomes (18).
The current investigators sought to evaluate how many

patients developed osteoarthrosis in adjacent joints after
ankle fusion, how long it took to develop osteoarthrosis,
and how many of these patients required secondary surgery
as a result. 
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Materials and Methods

This retrospective clinical and radiological study was performed
with approval of the local Ethic and Research Committee (No.
6927). All adult patients treated with ankle fusion surgery at the
Trauma Department of the Medical School Hannover (MHH)
between January 1998 and March 2015 were included in the study.
The minimum follow-up was 2 years post-surgery. 
Surgery was performed by senior orthopedic foot and ankle

surgeons. Non-operative treatment, such as physical therapy, shoe
modification and analgesia, had been tried prior to surgery for all
patients.
Exclusion criteria included patients less than 18 years of age, any

fusion procedure for other joints of the ipsilateral foot prior to ankle
fusion, dementia, Korsakov syndrome, complete inactivity due to
reasons other than the foot (for example, stroke) and language
barriers. 
Quality of life was evaluated using the Short Form 36 (SF-36),

Foot Function Index (FFI), Hannover-Score, and the American
Orthopaedic Foot and Ankle Society-Score (AOFAS) (19-22).
Furthermore, the patients were asked four questions via a visual
analog scale (VAS; scale 1-10): (i) How satisfied with your quality
of life were you before the ankle fusion? (ii) How satisfied are you
at follow-up? Rate your pain from 1 (no pain) to 10 (worst pain) on
the VAS before (iii) and after (iv) surgery. The insurance status of
each patient at the time of surgery was noted. 
Clinical examination was performed by IG under supervision of

RG and UW. It included a semi-quantitative analysis of the weight-
bearing pattern at the plantar aspect of the foot using a mirror-table
(Figure 1); range-of-motion (ROM) testing of the hip, knee, subtalar
and Chopart joints; measurement of the angle of the fused ankle
joint; pain on pressure and translational stress; stability of the tarsal
and tarsometatarsal joints; soft-tissue complaints; scar assessment;
sensitivity to touch; and assessment of skin vascularity. 
Dorsoplantar, lateral plain radiographs of the weightbearing foot,

an oblique view of the foot, and anterior-posterior and lateral views
of the ankle were performed. These were compared to pre-operative
radiographs with regard to the development or progression of
osteoarthrosis of the subtalar and Chopart joints. Union was defined
as radiographic evidence of fusion at last follow-up. 
Degenerative changes in the adjacent subtalar and Chopart joints

were rated using the Kellgren–Lawrence Score (Table I). All
patients were scored twice. Osteoarthrotic changes noted on plain
radiographs, taken within an interval of 3 months pre-and post-
surgery, were compared to radiographs taken at follow-up. All
patients scoring grade two or higher were deemed to have
osteoarthrosis. Using these two values for each patient, development
and progression of osteoarthrosis at those adjacent joints was
stratified.
Wilcoxon rank-test was used to assess whether the VAS scores

related to pain and patient satisfaction had improved significantly pre-
to postoperatively. In order to determine how many years after ankle
fusion the subtalar and Chopart joints become arthritic, and to analyze
the duration of pain relief after surgery, the study population was
divided into four groups with regard to the follow-up: Group 1:
Follow-up at 2 to 4 years; group 2: >4 to <8 years, group 3: >8 to <12
years, and group 4: >12 years. A cross table with a Chi-Quadrat-
Fishers test was used to compare the incidence of osteoarthrosis of
adjacent joints between the groups and to compare the risk factors
smoking and overweight (BMI >25 kg/m2) for non-union. A one-

factor analysis of variance was performed to determine whether the
mean quality of life and the mean AOFAS scores were different
between the groups. 

Results

Enrolment and patient details. Between January 1998 and
March 2015, a total of 137 ankle fusions in 137 patients were
performed at the Authors’ university hospital. Twelve patients
were excluded by exclusion criteria. Eleven patients had died
and another 11 patients were lost to follow-up. A total of 103
patients were eligible for investigation; 85 of these had no
further surgery of the treated foot and were invited to
participate in the clinical and radiological examination. Six
patients declined to participate. Sixty-three out of the
remaining 79 patients took part in the clinical and radiological
examination and answered the questionnaires. Sixteen patients
only answered the questionnaires but declined clinical and
radiological examination (Figure 2). From 18 patients who had
undergone further surgery after ankle fusion, eight patients
answered the questionnaires retrospectively, four patients
declined to participate. Four patients underwent extended
fusion and another two underwent lower leg amputation
within 6 months following ankle fusion, which made
questionnaires non-applicable. Radiographs of 10 patients who
underwent secondary treatment were available for evaluation.
Thus, along with 59 radiographs taken at the time of clinical
examination, 69 patients were eligible for radiological follow-
up examination. Radiographs of 86 patients were available for
evaluation of bony union. 
Fifty-eight (56%) of the study participants were males, 45

(44%) were females. The mean age at time of surgery was 53
(range=23-80) years. The mean BMI at surgery was 29
(range=20-49; SD=5.5) kg/m2. At the time of surgery, nine
(9%) patients suffered from diabetes and 38 were smokers
(37%). The mean follow-up time was 8.6 (range=0-19) years.
The reason for ankle fusion was post-traumatic osteoarthrosis
in the majority of cases (81%). Gout-related arthritis,
osteochondritis dissecans, degenerative osteoarthrosis,
rheumatoid arthritis, septic arthritis, flesh-eating disease, club
foot, Wegener’s disease, and chondromatosis were other
indications (Table II). 
Nicotine abuse and being overweight (BMI >25 kg/m2) were

not significant risk factors for non-union in this study. From 11
patients who developed a non-union, four were smokers,
median body mass index (BMI) was 28 (range=20-42) kg/m2,
and one patient had diabetes. Thirty out of 75 patients with bony
fusion were smokers, median BMI was 28 (range=20-44)
kg/m2, and seven patients suffered from diabetes.

Patient outcome scores and questionnaires. An AOFAS was
completed in 62 patients, with the mean value being 62
(range=12-92). The mean value was significantly lower for the
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group with (n=39) than that without (n=23) osteoarthrosis of
the adjacent joints (58 vs. 69; p=0.005), and for the group
with (n=37) than that without (n=25) secondary subtalar
osteoarthrosis (57 vs. 70; p=0.002), whilst the values between
the groups with (n=10) and without (n=52) osteoarthrosis of
the Chopart joint were not significantly different (57 vs. 63;
p=0.254). This suggests that the negative effect on foot
function caused by subtalar osteoarthrosis was greater than
that caused by Chopart degeneration. The average SF-36 value
was 57 (range=15-98). The mean value for mental health was
69 (range=0-100). For physical function, the mean value was
52 (range=5-100).
No significant differences were found between the four

follow up-groups with regard to the VAS score for pain and
patient satisfaction, FFI, Hannover-Score, pain-free walking
distance, incidence of osteoarthrosis at the subtalar, Chopart,
or both joints, or the mean values for AOFAS-and SF-36
scores. There was a trend towards lower AOFAS scores and
lower SF-36 scores for greater follow-up periods. VAS
values for pain were significantly higher before than after
surgery (7.2 vs. 3.8; p=2×10–6).
The questionnaires, which were completed retrospectively,

were not taken into account in the calculations above, as it

was felt by the Authors that these data should be treated
separately for several reasons. Firstly, six out of eight
patients who had completed the questionnaires
retrospectively underwent arthrodesis of an adjacent joint
within 4 years following their initial ankle arthrodesis. The
other two patients required additional surgery at 11 and 16
years following their index procedure. Therefore, the impact
of these questionnaires on the overall results would have
varied from no or a minor impact within groups 2, 3 and 4
to a significant impact on follow-up group 1. Secondly, it
was felt that it would be inappropriate to compare
retrospective data directly to the other questionnaires as it is
difficult for patients to recall their pain level, satisfaction or
walking ability several years post-surgery. 
All eight patients were retrospectively asked to recall their

experience from 4 weeks before they underwent additional
surgery. The mean VAS for pain before and after surgery did
not differ significantly amongst these patients (7.6 vs. 7.2,
p=0.785). The reported pain-free walking distance was less
than 500 m for six patients and between 500 and 1000 m for
the other two. Only two patients stated their satisfaction
post-surgery was 3 or lower. If these retrospective
questionnaire data were taken into account, the average VAS
for pain post-surgery would be higher than amongst those
patients who stated their real-time pain (4.2 vs. 3.8). 

Postoperative alignment. With regard to the sagittal plane,
43 out of 63 (68%) ankles were fused in a neutral position
(90˚), 17 out of 63 (27%) in a plantarflexed position and
three out of 63 (5%) in a dorsiflexed position. 
With regard to the coronal plane, 22 (35%) ankles healed

in 5˚ of valgus and 21 ankles (33%) fused in a neutral (0˚)
position. An increased hindfoot valgus of 10˚ was found in
five (8%), of 15˚ in three (5%), and of 20˚ in one patient
(2%). Seven ankles (11%) were noted to have fused in 5˚ of
varus and 4 ankles (6%) fused in 10˚ of varus. 
The mean subtalar ROM of the treated foot, with regard

to supination and elevation was 18˚ (range=0-30˚;
median=15˚) compared to 29˚ (range=15-30˚; median=30˚)
on the contralateral side. The mean ROM for extension and
flexion of the chopart joint was 20˚ (range=5-35˚;
median=20˚) on the treated side compared to 18˚ (range=5-
30˚; median=20˚) of the contralateral Chopart joint. 

Weight-bearing analysis. Assessment of the weight-bearing
pattern of the operated foot, utilizing a mirror-table, revealed
a swollen hindfoot in 55 (87%) patients, a normal
longitudinal arch in 52 (83%), pes planus in three (5%),
splay and flatfoot in three (5%) and pes cavus in five (8%). 

Vascularization and ROM. Vascularization of the skin was
normal in all feet, whilst 16 out of 63 (25%) patients had
decreased skin sensitivity, mostly in the area around the
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Figure 1. Patient standing on mirror-table. 



incision. No significant differences were found in terms of
the ROM of the hip or knee joints when both lower limbs
were compared in all patients.

Radiographic analysis. Plain radiographs showed an osseous
ankle fusion in 75 out of 86 (87%) patients, whilst 11 (13%)
had developed a non-union. Four out of these 11 patients did
not have any clinical symptoms and did not require any
further treatment. Another four patients suffered from pain,
were unable to bear weight on the foot, and required revision
ankle arthrodesis. After revision arthrodesis, all four patients
achieved bony union. In the remaining three patients, the
revision arthrodesis of the ankle joint was combined with a
subtalar fusion for osteoarthrosis. 
In 69 patients, radiographs were available at the time of

surgery, at the time of arthrodesis of related joints, or at
follow-up. In 44 (64%) of these, radiological signs of subtalar
osteoarthrosis (Kellgren–Lawrence Score >2 points) were
found. Five of these suffered from pre-existing subtalar
degeneration at the time of surgery. Twelve (17%) out of the
69 patients showed radiological signs of osteoarthrosis in the
Chopart joint. Two of these were pre-existing at the time of
ankle fusion. At follow-up, 46 (67%) out of 69 patients
showed at least minor signs of osteoarthrosis in their subtalar
or Chopart joints, or even in both. The majority of
osteoarthrosis in related joints arose after ankle fusion (39/46,

85%); 39/69 (57%) of the patients developed osteoarthrosis of
at least one related joint after ankle fusion (Table III). 
Only 11 out of 39 patients (28%) who developed

osteoarthrosis in the related joints after ankle fusion needed
additional surgery. Sixteen out of 39 (41%) degenerative
subtalar or Chopart joints were found within 4 years, five
(13%) after 4-8 years, and 18 (46%) after more than 8 years
after surgery. Eight out of 16 (50%) patients with early onset
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Table I. Kellgren–Lawrence score.

Factor                           Feature                                                                                                                                                       Score                         

Osteophytes                 None                                                                                                                                                              0                            
                                    Obvious                                                                                                                                                         1                            
                                    Large                                                                                                                                                             2                            
Joint space                   Not narrowed                                                                                                                                                0                            
                                    Obviously narrowed                                                                                                                                     1                            
                                    Definitely narrowed                                                                                                                                      2                            
                                    Markedly narrowed                                                                                                                                      3                            
Sclerosis                      None                                                                                                                                                              0                            
                                    Small                                                                                                                                                             1                            
                                    Small with cysts                                                                                                                                           2                            
                                    Severe with cysts                                                                                                                                          3                            
Deformity                    None                                                                                                                                                              0                            
                                    Small                                                                                                                                                             1                            
                                    Severe                                                                                                                                                            2                            

                                                                                                                                                                                                       Grade                   Points

Feature                        Any degenerative changes                                                                                                                           0                           0
                                    Doubtful narrowing of joint space and possible osteophytic lipping                                                        1                          1-2
                                    Definite osteophytes, possible narrowing of joints space                                                                          2                          3-4
                                    Moderate multiple osteophytes, definite narrowing of joints space,                                                        3                          5-9
                                    some sclerosis and possible deformity of bone contour
                                    Large osteophytes, marked narrowing of joint space, severe                                                                   4                          10
                                    sclerosis and definite deformity of bone contour

Table II. Indications for ankle fusion.

Indication                                                                     n (%)

Post-traumatic osteoarthritis                                    83 (81%)
Gout-related arthritis                                                 6 (6%)
Degenerative osteoarthritis                                        3 (3%)
Osteochondrosis dissecans                                        3 (3%)
Rheumatoid arthritis                                                  2 (2%)
Septic arthritis                                                            2 (2%)
Flesh-eating disease                                                   1 (1%)
Clump foot                                                                 1 (1%)
Chondromatosis                                                         1 (1%)
Wegners disease                                                         1 (1%)

Total                                                                        103 (100%)



of related osteoarthrosis (within 4 years), but only three out
of 18 (17%) with late onset needed further surgery (Table IV,
Figure 3). Two of the patients who suffered from pre-existing
osteoarthrosis in the subtalar joint at the time of ankle fusion
required additional surgery after 8 and 11 years.
The follow-up interval had no significant influence on the

incidence of osteoarthrosis in related joints (p=0.124). No
evidence of stress fractures was found on the radiographs.

Influence of insurance status. No correlation (p=0.899) was
found between the insurance status of the patient and the union
rate. By contrast, patients who received Workers’
Compensation were found to have significantly lower
subjective satisfaction scores: AOFAS scores were significantly
lower (53.5 vs. 64.7; p=0.017) and postoperative VAS pain
values were significantly higher (4.1 vs. 2.9; p=0.018) than in
patients covered by private or public health insurance.

Additional surgery. At follow-up, 18 out of the 103 patients
included in the study had required further surgery. Sixteen
patients (16%) underwent an extended fusion of related
joints. Another two (2%) patients underwent lower-leg
amputation. At the time of follow-up, another three patients
decided to have further surgery: Subtalar fusion, pan-talar
fusion, and lower leg amputation were performed once each.
Overall 21 (20%) patients required further surgery between
0-16 years after ankle fusion. 
Twenty-one out of 103 (20%) patients underwent extended

fusion surgery (n=18) or lower leg amputation (n=3) after
ankle fusion. Thirteen out of the 18 subtalar-or Chopart
fusions and two lower leg amputations were performed
within 4 years after initial ankle fusion. Five subtalar
with/without Chopart fusions and one lower leg amputation
were required at greater than 8 years post-ankle fusion
(Figure 4).
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Figure 2. Study participation flowchart. 



Discussion

This study sought to evaluate the clinical outcomes of
patients with ankle fusion, and to establish how many
patients developed osteoarthrosis in adjacent joints, how long
it took to develop osteoarthrosis, what the clinical impact
was and how many of these patients required secondary
surgery as a result. 
The SF-36 values in this study cohort are comparable to

those published by Dalat et al. (9), showing limitation in
physical function but good scores in terms of mental health. 
The average AOFAS score of 62 in this cohort at 9.6 (5.6

SD) years of follow-up is slightly lower compared to other
reported results by Braito et al. (8) and Hendrickx et al. (1).
Braito et al. reported a global AOFAS score of 68.3 in 16
ankle fusions at a mean follow-up of 4.4 years and
Hendrickx et al. reported a mean value of 67 in 60 patients
at a mean follow-up of 9 (SD 4.1) years. The difference in
the current study’s findings may be caused by the longer
follow-up period, as 27 of the ankle fusions were reviewed
at more than 10 years post-surgery, as well as the high rate
of post-traumatic osteoarthrosis with soft-tissue trauma and
the age differences between the studied cohorts. 
The etiology for osteoarthrosis of the ankle joint reported

by Hendrickx et al. was principally trauma (87%) (1). Braito
et al. included primary and post-traumatic osteoarthrosis (8).
The patient cohort in the study by Hendricks et al. was
younger than that of the current study with 51% less than 50
years of age at the time of surgery (1). In the current study,
only 40% were younger than 50 years at surgery. A negative
correlation between AOFAS score and follow-up after
surgery was found by Houdek et al. who compared 2- , 5-
and 10-year postoperative AOFAS scores after contralateral
fusions (81.1, 76.3, and 72.2, respectively) (23).
Nevertheless, those scoring systems used revealed that the
majority of the patients were satisfied with their clinical
outcome. It should be noted, however, that a few patients had
poor results with low AOFAS scores and high VAS regarding
pain. Neuropathic pain after soft-tissue trauma, painful scars,
reduced weight-bearing area of the plantar aspect of the foot
due to suboptimal arthrodesis position and osteomyelitis are
possible reasons for persisting complaints (5, 24, 25). One
aim of the current study was to determine how long clinical
benefit from ankle fusion endures. No significant difference
was seen amongst the four subgroups according to clinical
and radiological follow-up. 
Some studies have described hypermobility of the

midtarsal joints after ankle fusion compared to the unaffected
side (16, 26). Conversely, Jackson et al. (27) and van der
Plaat et al. (28) found decreased motion or no change in the
ROM. Immobility of the fused ankle joint leads to a
secondary overload of the tarsal joints, which may lead to
instability causing degenerative changes over time (29). Our

study found only a very small difference in the ROM
comparing the ipsi- and contralateral Chopart joints in every
patient, as van der Plaat et al. described (28). Most of the
current study’s patients had reduced subtalar ROM compared
to the opposite uninjured side. This was also reported by
Lynch et al. (7), Said et al. (15) and Jackson et al. (27).
Thomas et al. also found fore-and hindfoot motion measured
while walking decreased after ankle arthrodesis (30). 
In the current study, 32% of the feet were not fused in a

neutral position and ROM was measured using a goniometer,
which may have influenced the results. Nevertheless, patients
with up to five degrees of ankle plantarflexion or dorsiflexion
did not show an inferior outcome to those patients with neutral
fusion position. Lynch et al. found no difference in the mean
Mazur-Score comparing patients with neutral arthrodesis to
those with plantar-or dorsiflexion (7). Ratliff et al.
recommended the neutral position or a slight drop foot or
calcaneal position in order to have the best outcome (31). 
Our study did not find a correlation between the incidence

of osteoarthrosis in the subtalar and Chopart joints and the
time after surgery. We interpreted this to signal that
degenerative changes of the related joints may appear at any
time after fusion. Nevertheless, there was a bimodal trend
towards developing arthrosis either in the first 4 years after
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Table III. Distribution of KLS of the subtalar and Chopart joints among
the studied patients. 

KLS                                                         Subtalar joint        Chopart joint

0                                                                       0 (0)                     0 (0)
1                                                                     25 (0)                   57 (0)
2                                                                     36 (2)                   11 (2)
3                                                                       8 (3)                     1 (0)
4                                                                        0                           0
Osteoarthrosis total (KLS=2-4)                    44 (5)                   12 (2)
All patients (KLS 0-4)                                  69 (5)                   69 (2)

KLS: Kellgren-Lawrence Score. Number of patients with pre-existing
osteoarthrosis at time of ankle fusion shown in parentheses. 

Table IV. Number of patients with degenerated related joints and need
for surgery.

Follow-up, years      Subtalar OA     Chopart OA        Total       Surgery

<4                                    16                       3                  16                8
4-8                                     4                       1                    5                0
>8                                   24 (5)                 8 (2)            25 (7)          5 (2)
0-20                                44 (5)               12 (2)            46 (7)        13 (2)

Number of patients with pre-existing osteoarthrosis (OA) at the time of
ankle fusion in parenthesis. 



fusion, which happened to most of the patients who answered
the questionnaires retrospectively, or at 8 years and onwards.
This trend can also be seen when looking at the period of time
from ankle arthrodesis to extended fusion. Many patients
required secondary treatment due to arthrosis in a related joint
either within the first 4 years after fusion or greater than eight
years. Patients with a follow-up of between 4 and 8 years
showed the best results with regard to pain relief and quality
of life. This might be explained by patients having become
familiar with their new gait pattern whilst any osteoarthrosis
of related joints caused by overload remained asymptomatic. 
Patients should be informed about the possibility of

developing painful degeneration of related joints soon after
ankle fusion before the decision for ankle arthrodesis is
made. Considering the patient retrospective questionnaire

data, we recognize that reporting of pain was greater than the
previously reported results.
At mid- to long-term follow-up, 57% of the patients in the

study developed osteoarthrosis in related joints. This rate is
higher than in most previous studies with shorter follow-up.
Previous studies evaluated the incidence of osteoarthrosis in
related joints at short- to mid-term follow-up. In their cohort
of 72 patients, with a mean follow-up of 5.9 (range=4.8-7.8)
years, Zwipp et al. reported radiographic evidence of
osteoarthrosis after ankle arthrodesis in 35% of the subtalar
and in 18% of the talonavicular joints. None of these patients
underwent further fusion surgery. In that cohort ankle fusion
was mainly (90%) performed for post-traumatic arthrosis (6).
Kopp et al. found osteoarthrosis in 24% of the subtalar joints
at a mean of 7.3 (range=2-20) years after ankle arthrodesis.
The etiology of ankle osteoarthrosis was trauma in 63% of
the patients (12). Only Hendrickx et al. reported radiographic
evidence of preoperative degeneration in 91% of the subtalar
and in 77% of the talonavicular joints after a mean follow
up of 9 (SD=4.1) years. The etiology for ankle osteoarthrosis
was post-traumatic in most (87%) of these cases (1). 
In the current study cohort, 57% of the patients developed

osteoarthrosis in the subtalar or Chopart joints, or both, but
only 28% were treated with additional surgery. Other studies
reported less or even no incidence (0-9%, follow-up=5.9-8.5
years) of additional surgery (5, 6, 32). It is important to note
that six patients in the current study underwent subtalar
with/without Chopart fusion within 6 months of ankle fusion.
Upon review, isolated ankle fusion was likely not the correct
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Figure 3. A: Ankle fusion. B: Ankle and subtalar fusion. C: Pantalar
fusion. 

Figure 4. Kaplan-Meier survival analysis: Cumulative likelihood of
requiring additional surgery after ankle fusion over time. 



decision in these cases. In three cases, an additional subtalar
fusion and in another case a pan-talar fusion would have been
appropriate. In two other cases of primary ankle fusion in
acute trauma surgery, the lower leg could not be salvaged due
to the severity of the associated soft-tissue trauma. Seven (8%)
of this study’s patients required additional surgery for non-
union. This non-union rate is within the reported range (6 to
16%) reported in the literature (1, 3, 11, 12, 15). 
The literature contains conflicting reports about the

influence of nicotine abuse and obesity on osseous union in
hindfoot fusion procedures. Easley et al. found a significant
correlation between the non-union rate of subtalar fusion and
smoking (33), while Joveniaux et al. did not (34). Ishikawa et
al. found the relative risk of developing a non-union after
hindfoot fusion to be 2.7 times higher for smokers (17). Suda
et al. found no correlation between BMI and the non-union
rate in arthrodesis for septic arthritis of the ankle (35).
Collman et al. reported a trend towards non-union in obese
patients (16). The current study did not find nicotine abuse or
elevated BMI to be significant risk factors for non-union of
ankle fusion. 
In the current study cohort, the subjective, but not the

objective, outcome was inferior in patients covered by
Workers’ Compensation compared to those with private or
public health insurance. This effect has been reported before
for different conditions (18, 36). 
The current study is limited by its retrospective design, a

heterogenous cohort and the range of clinical indications for
ankle fusion. It is difficult to compare, for example, the
results of primary ankle fusion due to trauma with elective
arthrodesis for degenerative osteoarthrosis. Furthermore, all
ankle fusions were performed over a long period of time by
different surgeons who used different approaches and
fixation methods. The VAS for pain and satisfaction at time
of surgery was evaluated retrospectively, which normally
leads to lower pain-related values due to challenges for the
patient in terms of recall. Eight patients who had already
undergone additional fusion of related joints at follow-up
were asked retrospectively. It is difficult for patients to
remember their specific pain levels years after the event.
This can lead to inaccurate data. 

Conclusion

More than half of the study cohort developed osteoarthrosis
in related joints after ankle fusion, but fewer than one-third
required further joint fusion surgery as a consequence.
Radiological findings were not strongly related to clinical
outcome nor the experience of pain. Osteoarthrosis of the
subtalar joint is common in patients after ankle fusion.
Receiving Workers’ Compensation tended to have a negative
effect on the subjective but not on the objective outcomes of
ankle fusion.
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