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Abstract
Background: Ankle fusion is the benchmark procedure in refractory cases of ankle arthritis. In patients with good bone
stock and minimal deformity, minimally invasive ankle fusion has been adopted. Aim: The aim of this work was to
compare different outcome measures of arthroscopically assisted ankle fusion and mini-arthrotomy ankle fusions.
Methods: This prospective study included 30 patients with post-traumatic ankle OA, who were treated by ankle fusion.
Patients were divided regarding the adopted procedure into two groups, 15 patients in each group. Group A was treated
using arthroscopic assisted ankle fusion and Group B using single incision mini arthrotomy ankle fusion. They were
evaluated clinically with AFOAS, visual analogue scale of pain pre and post operatively, time of union, complications and
satisfaction. Results: The results were satisfactory in 12 patients in group A and 11 patients in group B. While three
patients (20%) in group A and four patients (26.6%) in group B had unsatisfactory results according to AFOAS and VAS.
Sound solid ankle fusion was achieved in 13 (86.6%) ankles in group A with a mean fusion time of 14.4 weeks (range
from 12-18 weeks) and 11 (73.3%) ankles in group B with a mean fusion time of 14.5 weeks. Two ankles in group A
(13.3%) and four ankles in group B (26.6%) had non-union. The mean post-operative AOFAS was good in both groups
79.0 ± 9.2 in group A and 77.5 ± 10.1 in group B. Conclusion: No difference was found between single-incision miniarthrotomy and arthroscopic assisted ankle fusion. Minimally invasive ankle arthrodesis (particularly arthroscopic assisted
technique) offers a good option for the minimally deformed arthritic ankle.
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Introduction:
Posttraumatic ankle arthritis is the most common cause of
ankle OA [1]. The treatment of arthritis depends on the
patient's symptoms and function and vary from
conservative to operative lines [2]. Lines of treatment of
patients with symptomatic ankle OA include use of
walking aids, orthoses, steroid injections and washout
procedures. Depending on the patient's function and
symptoms, ankle fusion is indicated in cases not
responding to other interventions [3]. Ankle fusion has
been linked with sound functional outcomes for patients
with ankle OA after the failure of conservative measures.
Several arthrodesis techniques have been described
depending on the deformity, available bone stock,
surrounding soft tissues, and surgeon’s experience [4].
Minimally invasive ankle fusion is gaining popularity,
especially that done arthroscopically, which is suitable for
patients with either Varus or valgus deformity less than 15
degrees with good bone stock. Minimal invasive surgery
(MIS) requires less soft tissue stripping, with less blood
loss, short hospital stay and fast healing time [5,6]. Mini
arthrotomy technique has been described using two small

(2cm) incisions (anterolateral and anteromedial) as an
alternative approach to ankle arthroscopy with good
outcome [7] .
Several studies have compared different approaches of
ankle fusion (open vs minimally invasive). However, no
studies compared different MIS approaches ( i.e.
arthroscopic vs mini arthrotomy) [8–11]. The aim of this
study was to investigate the difference between the two
MIS techniques of ankle fusion regarding various outcome
measures and other variables.
Materials and Methods
Thirty patients were treated by minimally invasive ankle
fusion between February 2013 and September 2017, for
post-traumatic ankle OA with minimal deformity, after
failed non operative treatment. This was a prospective
study; patients were divided based on their order on the
surgical list into two equal groups of 15 patients in each;
one was treated by arthroscopic ankle fusion (Group A)
and the other by minimally invasive ankle fusion (Group
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B). Ethical committee approval was obtained for our
study. Patients with infection, poor bone stock, and
significant deformity were excluded. None of the patients
were diabetic.
Patients were assessed as follows: a- AOFAS
(preoperative and post-operative); b- radiologically for
assessment of ankle OA pre-operatively and healing time
of fusion site postoperatively. c- Operative time dcomplications; and e- satisfaction rates. Pre-operative and
post-operative weight-bearing radiographs were used to
assess and compare alignment in the sagittal (sagittal
alignment angle and translation) and coronal planes (varus
or valgus alignment of the ankles) (table1). Group A
patients were treated using arthroscopic assisted ankle
fusion using two standard anterior portals (one medial to
tibialis anterior, and one lateral to peroneous tertius). Once
access to the joint was achieved, the joint surface was
prepared by removal of cartilage to reach the subchondral
bone. In some patients, excision of anterior bony
osteophytes was required. No bone graft was used.
For group B patients, a 2 cm single anteromedial
incision was used in line with the standard arthroscopic
anteromedial portal. The extensor retinaculum was cut in
line with skin incision, the joint capsule was identified and
incised after retracting the extensor tendons. The use of a
laminar spreader is of utmost importance to clearly
visualise the joint surfaces. Hypertrophied synovial tissue
from the anterior aspect of the joint was removed by a
rongeur to improve the working space and visualization.
With the joint distracted, cartilage was removed to achieve
a raw bone surface. The cornerstone in this technique is
joint distraction which allows visualisation of joint
surfaces including lateral gutter. Bone grafting was not
required in this group.
In both groups (A, B), once preparation was completed
and adequate bleeding surface was obtained, traction was
released and the ankle was re-aligned. The foot and ankle
were held in neutral (up to 5 degrees) dorsiflexion, 5
degrees of external rotation and 5 degrees of valgus.
Fixation was accomplished under image intensifier control
percutaneously by two 6.5 mm cannulated screws placed
in a crossed transverse configuration (medial and lateral)
from a proximal to distal direction (fig.1,2). Care was
taken not to violate the subtalar joint with the screws.
Patients were kept non-weight bearing for 6–7 weeks in a
below-knee cast. Then, a removable boot was applied, and
the patient allowed gradual weight-bearing till full fusion.
Patients were followed up in the outpatient clinic after two
weeks for a wound check, 6 weeks for removal of cast and
commencement of full weight bearing in a boot.
Thereafter, patients were seen at 12 weeks for radiological
assessment of union, and at six months and 12 months for
functional assessment then every year.
Results
Each group had 15 patients (15 ankles). The demographics
of the patients in each group are depicted in Table I. The
mean age of patients at the time of intervention was 41.3
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± 11.1 years in group A and 35.7 ± 9.8 years in group B.
Patients were followed-up for a mean duration of 55
months (12 – 60 months), group A was 50 months and
group B was 60 months. Sound solid ankle fusion was
achieved in 13 ankles (86.6%) in group A and 11 ankles
(73.3%) in group B. The mean time to fusion was 14.5 ±
2.7 weeks in group A and 14.4 ± 2.4 weeks in group B.
There was no statistically significant difference between
the two groups with respect to time to clinical union (p =
0.950). The mean operative time was 99.3 ± 10.8 and 98.2
± 7.9 minutes, for group A and B, respectively. Two
patients in group A and four patients in group B developed
non-union, with no obvious technical difficulties or errors
associated with the index procedure in all of these patients.
Clinical findings of painful abnormal mobility at the
fusion site and confirmation by radiological assessment,
where the joint line was still visible and movement
detected in stress views. Revision fusion was carried out
in six patients (2 patients in group A, 4 patients in group
B) using open techniques with bone grafting and anterior
compression plating.
Five patients in group B had delayed wound healing
and none in group A had wound related complications.
One patient in group B sustained a tibial fracture proximal
to the screws post-operatively at 15 weeks after a
traumatic event and was treated non operatively. At the
final follow-up, according to AFOAS and VAS 13% of
group A patients rated their outcome as excellent, 67 % as
good and 20% as fair. Seven percent of the patients in
group B rated the outcome as excellent, 67% as good and
26% as fair. The mean AOFAS ankle and hindfoot score
in group A was 79.0 ± 9.2 and in group B was 77.5 ± 10.1.
There was no statistically significant difference between
the two groups in AOFAS scores (p = 0.667).
Post-operative coronal and sagittal alignment were
restored to normal in all cases. There was no significant
statistical difference between the two groups as regards the
post-operative radiological alignment. Post-operative
coronal alignment was restored to normal in all cases with
a mean 90.1 ± 1.2 degrees in group A and 89.9 ±1.2
degrees in group B. The mean post-operative sagittal
alignment was 98.9 ± 2.9 degrees in group A and 100.2 ±
2.7 degrees in group B.
Discussion
Since 1879, Ankle fusion surgery has been evolving over
the years [1]. Open arthrotomy has been the standard
procedure for obtaining a stable interface for ankle fusion,
regardless of the degree of deformity [3,12,13]. Despite
reported rates of success, the open technique has been
fraught with complications such as blood loss, longer
operative time, soft tissue problems and lengthy hospital
stay [14,15]. There has been growing interest in minimally
invasive surgical ankle fusion such as ankle arthroscopy
and mini arthrotomy specially in a patient whose limited
deformity does not require gross correction. Many studies
have shown that the arthroscopic technique offers a high
success rate and a faster time to healing than open
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Group A
Male Sex
Age (years)
Body Mass Index (kg/m2)
Smokers
Affected side
Right
Left
Duration of symptoms (years)
Preoperative AOFAS
Pre-operative coronal
alignment(degrees)
Pre-operative sagittal alignment
(degrees)
Operative time (minutes)

Group B

p

7 (47%)
41.3 ± 11.1
34.3 ± 5.5
3 (20%)
8 (53%)
7 (47%)
2.7 ± 1.2
49.5 ± 3.7
89.3 ± 2.7

8 (53%)
35.7 ± 9.8
34.3 ± 4.2
5 (33%)
9 (60%)
6 (40%)
2.1 ± 0.7
43.4 ± 6.0
87.8 ± 3.4

0.715
0.159
0.985
0.409
0.713

102.3 ± 4.8

106.4 ± 5.9

0.597

99.3 ± 10.8

98.2 ± 7.9

0.746

0.122
0.110
0.630

Table 1 Patients demographics and characteristics

Figure (1): Final views under image intensifier showing screws with compression at the fusion site.

A

B

Figure (2): A: Preoperative radiographs showing post-traumatic anke arthritis
B: One year follow up radiographs after ankle fusioin
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arthrotomy [8]. But Arthroscopic ankle surgery can be
difficult, time consuming and plagued by complications
and the outcome is greatly affected by the surgeon's
arthroscopic skills [6,16,17]. Several studies reported on
nerve injuries, vascular injuries and prolonged operative
time [18–20] . These results may be related to the earlier
days of use of arthroscopy in the ankle joint but a recent
systematic review by Park et al showed that arthroscopic
fusion was superior to open surgery in terms of blood loss
and hospital stay, but no difference in union rate and
operative time[21].
The double incision mini-invasive ankle fusion allows
less soft dissection in comparison to formal open surgery.
It represents a compromise between the complication
riddled wider open arthrotomy and the less invasive but
more technically difficult arthroscopic fusion. Moreover,
the merits of minimally invasive surgery to decrease the
morbidity and hospital stay are well recognised [22]. In
our study, we utilized one incision technique which we
think is enough to achieve joint surface debridement and
preparation. Wortslavsky reported on 9 patients who had
mini arthrotomy fusion, all achieving fusion without
complications [7]. In a bigger study, Parmain et al reported
the outcome of mini arthrotomy in 19 patients who all
achieved fusion. Only 7 patients had transient synovitis
which was attributed to the bone slurry used to augment
fusion around the joint[22].
One of the concerns with minimal invasive ankle
fusion is fully visualising the articular surface, especially
at the posterior aspect of the joint. Wrotslavsky, in his
prementioned series, where all patients achieved fusion,
observed that a satisfactory and functional arthrodesis can
take place despite lacking healing in the post aspect of the
ankle in radiograph [7]. There have been a few studies
comparing either arthroscopic or mini arthrotomy ankle
fusions with the traditional open ankle fusion, but so far
there have been none to compare each of the two
techniques against each other. In the current study, in the
mini arthrotomy group (B), the AOFAS improved from
43.4 ± 6.0 to 77.5 ± 10.1. The non-union rate was 26.6 %
(4 out of 15 patients). While in group A, the AOFAS
improved from 49.5 to 79.0 ± 9.2, and 2 out of these 15
patients ended up with non-union.
Four cases in group B developed a superficial infection
and delayed wound healing which was treated with
antibiotics and tissue viability nursing for six weeks.
Furthermore, there was no significant difference in the
mean operative time between the two groups. Logistic
regression analyses for prediction of non-union in smokers
was associated with five times increase in the odds of nonunion OR (odds ratio) = 5.1 (95% CI 1.23 – 21.1), p
=0.025. which could explain the rate of non-union. All the
six patients with non-union in both groups were smokers.
Conclusion
Arthroscopic ankle fusion appears to provide similar
results with fewer complications rate compared to the
single incision mini arthrotomy technique.
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