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ABSTRACT

Introduction: Supramalleolar osteotomies are a treatment option for asymmetric ankle osteoarthritis. Our work aims to describe
the clinical, radiographic, and subjective outcomes obtained in patients with ankle osteoarthritis who underwent a supramalleolar
osteotomy (SMOT). Materials and Methods: We included 13 patients who underwent SMOT, 8 patients with valgus (61.5%) and 5
(38.5%) with varus rearfoot and ankle misalignment. The mean varus VAS score decreased from 9 + 0.45 to 3 +1 postoperatively
(p <0.05) and, in valgus deformities, from a mean 7.88 +0.35 to 2.15 +1.64 postoperatively (p <0.05). The mean AOFAS score
changed from 32.8 + 16.2 to 82.1 + 13.6 postoperatively in the varus deformity group (p < 0.05) and from 31 + 17.3 preoperatively
to 93.1 + 6.20 postoperatively in the valgus deformity group (p <0.05). Twelve patients (92.3%) achieved radiographic union in
an average time of 10.4 weeks. Conclusion: Supramalleolar osteotomy as a treatment for asymmetric ankle osteoarthritis is a
predictable technique with very good clinical and radiological outcomes in the short and medium term.
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Osteotomias supramaleolares en pacientes con artrosis de tobillo: resultados clinicos y radiograficos

RESUMEN

Introduccion: Las osteotomias supramaleolares son una opcion de tratamiento para la artrosis asimétrica de tobillo. El objetivo
de este articulo es describir los resultados clinicos, radiograficos y subjetivos obtenidos en pacientes con artrosis de tobillo que
fueron sometidos a una osteotomia supramaleolar. Materiales y Métodos: Estudio observacional descriptivo retrospectivo de
pacientes sometidos a una osteotomia supramaleolar por artrosis de tobillo entre enero de 2010 y julio de 2017. Se analizaron
las historias clinicas para recabar datos clinicos y radiograficos preoperatorios y posoperatorios. Resultados: Se incluyé a 13
pacientes que se habian sometido a una osteotomia supramaleolar de tobillo: 8 con una desalineacién del tobillo y retropié en
valgo (61,5%) y 5 (38,5%) en varo. El puntaje medio posoperatorio de la escala analdgica visual de los pacientes con deformidad
en varo disminuyé de 9 + 0,45 a 3 + 1 (p <0,05) y de una media 7,88 + 0,35 a 2,15 + 1,64 (p <0,05) en aquellos con deformidad
en valgo. El puntaje medio de la escala de la AOFAS se modificé de 32,8 + 16,2 antes de la cirugia a 82,1 + 13,6 en el posope-
ratorio, en el grupo con deformidad en varo (p <0,05) y de 31 + 17,3 a 93,1 + 6,20, respectivamente, en aquellos con deformidad
en valgo (p <0,05). Se constaté la consolidacion radiografica en 12 pacientes (92,3%), en un tiempo promedio de 10.4 semanas.
Conclusidn: La osteotomia supramaleolar como tratamiento de la artrosis asimétrica de tobillo es una técnica predecible, con
muy buenos resultados clinicos y radiograficos a corto y mediano plazo.
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INTRODUCTION

Ankle osteoarthritis is a condition that affects 1% of the adult population worldwide.' In most cases, the origin
is post-traumatic: due to a deformity as a consequence of a fracture or due to chronic ankle instability leading to
abnormal joint loading that damages the cartilage, resulting in varus (most frequently) or valgus ankle and rearfoot
misalignment.'”

It is widely accepted that, for advanced osteoarthritis of the ankle, joint sacrifice surgeries (either joint fusion
or arthroplasty) are the definitive treatment of choice.! However, in cases of partial or incomplete osteoarthritis
(also called “asymmetric” osteoarthritis) in which there are areas of viable cartilage and some alteration of the
loading axis of the ankle, supramalleolar ankle osteotomies (SMOT) are an option to consider as joint sparing
procedures,' as they redistribute the load to areas with preserved cartilage and offload degenerated areas. Thus,
they reduce pain, maintain range of motion, restore joint congruence* and delay the progression of osteoarthritis.
Supramalleolar osteotomies can be considered as a definitive or intermediate treatment postponing an eventual
arthroplasty or joint fusion which, if necessary, are performed on an already aligned limb.>¢

This is a technique described by Speed and Boyd’ in 1936, but which gained popularity after the studies of
Takakura in the 1990s® and, later, of Hintermann,’ and has recently gained significant notoriety. Takakura et al.
proposed this surgical technique in patients with a stage lower than IIIB, some authors reported good outcomes in
patients with selected stage IIIB injuries.'” Although the indications for supramalleolar osteotomy are still under
discussion,’ contraindications include patients with advanced osteoarthritis, unmanageable hindfoot instability,
severe vascular or neurological disease, acute or chronic infection of the joint and, relatively speaking, patients >70
years old, with poor bone quality, and smokers.'"'?

The aim of this study was to evaluate the functional, radiographic and subjective results obtained in patients with
ankle osteoarthritis who underwent SMOT at our institution.

MATERIALS AND METHODS

This study had the prior approval of the institution’s Ethics Committee.

Data were collected for patients treated with supramalleolar osteotomy between January 2010 and July 2017.

A retrospective descriptive observational study was carried out. During that period, 14 patients were operated on
and 13 were included, since one did not complete the follow-up.

Inclusion criteria were: patients >18 years old with a diagnosis of asymmetric ankle osteoarthritis with <50%
joint involvement, unresponsive to conservative treatment, undergoing SMOT. Patients with incomplete medical
records and follow-up <2 years were excluded. Patients were evaluated clinically and radiographically before sur-
gery, at 1 and 4 weeks postoperatively, then at 2, 3 and 12 months and, finally, with annual controls.

Clinical analysis

Comorbidities (smoking, diabetes mellitus, body mass index), habitual sports activity and etiology of ankle
osteoarthritis were recorded. The sample was divided into two groups according to varus or valgus hindfoot defor-
mity based on clinical assessment of the deformity and on weight-bearing radiographs. In addition, ankle instabil-
ity was evaluated with clinical maneuvers in the office (stress tests) and with fluoroscopy in the operating room.

The clinical examination was performed using the visual analog scale (VAS), which assesses pain with images
and numbers from 0 “no pain” to 10 “worst possible pain”; it allows pain to be located at all intermediate points
between extremes;'? and the American Orthopaedic Foot and Ankle Society (AOFAS)'* hindfoot scale, which as-
sesses hindfoot and ankle function, pain, limitation of daily living, gait, joint range of motion, and clinical align-
ment. Both scales were administered before surgery and at the end of follow-up; patients’ subjective satisfaction
was also determined by asking whether they would undergo surgery again.

Complications during follow-up, the need for removal of the osteosynthesis and the need for reconversion to
arthrodesis or ankle arthroplasty during follow-up were evaluated.
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Radiographic analysis

Anteroposterior and lateral weight-bearing radiographs of the ankle were taken before surgery and at the end of
follow-up. In the anteroposterior projection, the following angles were evaluated: intermalleolar (IM) angle (angle
between the longitudinal axis of the tibia and a line connecting the ends of the lateral and medial malleoli)," ante-
rior distal tibial angle (ADTA) (angle between the tibial diaphysis and the articular surface of the tibial plafond in
the anteroposterior view),'® and talar inclination angle (TTA) (angle between the tibial plafond and the articular sur-
face of the talar dome in the anteroposterior view).'° In the lateral projection, the lateral distal tibial angle (LDTA)
(anterior angle between the tibial diaphysis axis and the articular surface of the tibial diaphysis in the lateral view)
was assessed.'” These angles are used for both preoperative and postoperative planning to evaluate the radiographic
surgical outcome ( ).

A. Intermalleolar angle (angle between the longitudinal axis of the tibia and a line connecting the ends of the lateral
and medial malleoli). B. Anterior distal tibial angle (angle between the tibial diaphysis and the articular surface of the tibial
plafond in the anteroposterior view). C. Talar tilt angle (angle between the tibial plafond and the articular surface of the talar
dome in the anteroposterior view). D. Lateral distal tibial angle (anterior angle between the axis of the tibial diaphysis and the
articular surface of the tibial diaphysis in the lateral view).

Osteoarthritis was classified according to the Takakura-Anaka classification on the anteroposterior weight-
bearing radiograph. This classification includes four stages; I: no joint space narrowing, but there is subchondral
sclerosis of the bone and osteophyte formation; II: narrowing of medial or lateral joint space; Illa: obliteration of
medial or lateral joint space; IIIb: obliteration of medial or lateral joint space extending over the roof of the talar
dome; IV: complete obliteration of joint space.'®

Preoperative CT scans were performed on all patients to assess the extent of joint involvement and, postopera-
tively, the tomographic time to consolidation was also recorded.

Preoperative planning

The patient is examined standing and walking, and the comparative stability and range of motion of the ankle and
subtalar joint are assessed. The need for concomitant procedures is planned (ligament plastic surgery, calcaneal
osteotomy, etc.), which will then be reevaluated during surgery to determine whether they are necessary.
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The deformity in both the coronal and sagittal planes will be assessed on preoperative weight-bearing radio-
graphs when planning the form and extent of the osteotomy. The required correction angle is marked on the
preoperative radiographs and the size and orientation of the wedges to be used are calculated.' The normal angle
of the distal tibial surface of the ankle is usually 93°. The LDTA is normally 80°. The height of the wedge to be
resected or added is calculated by restoring the normal values and taking into account the values of the contralat-
eral extremity.'"”

Surgical technique and postoperative management

The patient was placed in the dorsal decubitus position under regional anesthesia. Lateral and medial stress
maneuvers were performed under fluoroscopy to evaluate for ankle instability. The type of osteotomy was defined
taking into account the type of deformity and its magnitude. Varus deformities were treated with medial opening-
wedge or lateral closing-wedge supramalleolar osteotomies. In minor deformities (<10°), medial opening-wedge
osteotomies were performed, and in major deformities (>10°), lateral closing-wedge osteotomies were performed.
Valgus deformities were treated with medial closing-wedge supramalleolar osteotomies. The osteosynthesis used
was a 4.5 mm locking tibia plate. An allograft was placed if necessary.

In some cases, procedures were added in the same surgical stage. The fibula osteotomy was utilized to shorten
in varus cases and lengthen in valgus patients, depending on the degree of joint realignment accomplished follow-
ing tibial osteotomies. Ligament and tendon reconstruction was performed according to clinical and intraoperative
radioscopic evaluation. Calcaneal osteotomies were performed when the hindfoot remained misaligned even after
tibial osteotomy. Finally, the limb was immobilized with a short leg cast. All patients were discharged 24 h after
surgery. The leg cast was removed four weeks after surgery. A walker boot was indicated for two weeks with no
weight-bearing and for two weeks with partial weight-bearing. Patients began to wear their usual footwear two
months after surgery. Kinesiotherapy began around the fourth week. The patients were authorized to resume sport-
ing activities progressively according to tolerance, starting six months after the operation.

Statistical Analysis

Continuous variables are presented as means and standard deviation (SD) or median with their interquartile
range (IQR) according to the distribution. Categorical variables are expressed as absolute value and percentage. To
compare continuous preoperative and postoperative data, Student’s t-test for dependent samples or Wilcoxon rank
test were used as appropriate. Data were analyzed with STATA version 13 (Statacorp LP College Station Texas).

RESULTS

The study included 13 patients undergoing SMOT: eight with valgus ankle and rearfoot misalignment (61.5%)
and five (38.5%) with varus misalignment. The median follow-up was 27 months (IQR 24-48). Six were men
(46%), the median age was 58 years (IQR 34-61). The mean body mass index was 24 kg/m2 (range 2 -2.64). Six
patients (46%) practiced physical activity before surgery ( ).

Regarding associated foot and ankle pathologies, one (7.6%) had flat feet and two (15.3%) had subtalar osteoar-
thritis. The mean VAS score decreased from a mean of 9 (SD 0.45) before surgery to 3 (SD 1) postoperatively (p
<0.05), in the varus deformity group, and from a mean of 7.88 (SD 0.35) to 2.15 (SD 1.64) (p <0.05), respectively,
in the valgus deformity group. The median AOFAS scale score changed from 32.8 (SD 16.23) preoperatively to
82 (SD 13.65) after surgery (p <0.05) in the varus deformity group and from 31 (SD 17.36) to 93.13 (SD 6.20) (p
<0.05), respectively, in the valgus deformity group.

When asked if they would undergo surgery again, 12 (92.3%) stated that they would indeed do it again, while
only one said that they would not undergo surgery again.

Before surgery, six (46.1%) practiced recreational sports activities and all of them returned to sports. In 12
(92.3%), radiographic consolidation was achieved after surgery, in a median of 10.4 weeks (IQR 8-12) (

). Pseudarthrosis was observed in one patient, requiring revision surgery. Twenty-five aggregate procedures
were performed ( ).
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Table 1. Demographic characteristics of the study population.

Male sex, n (%) 3 (60)
Body mass index, mean (SD), kg/m? 27.3(1.9)
Age, median (IQR 25-75), years 60 (52-61)
Right, n (%) 4 (80)
Etiology
Post-traumatic (fracture), n (%) 2 (40)
Post-traumatic (instability), n (%) 2 (40)
Idiopathic, n (%) 1 (20)

Takakura Classification

Stage I, n (%) 1 (20)
Stage II, n (%) 1 (20)
Stage IIIA, n (%) 0

Stage IIIB, n (%) 3 (60)

SD = standard deviation; IQR = interquartile range.

3 (37.5)
23 (2.8)

46 (29.5-60.7)
4 (50)

6 (75)
2 (25)
0

2 (25)
3 (37.5)
3 (37.5)

6 (46.1)
24 (2.6)

58 (34-61)

8 (61.5)

8 (61,5)
4(30.7)
1(7.69)

3(23.1)
4(30.7)
3(23.1)
3(23.1)

Takakura Stage IIIA. A. Preoperative ankle radiograph, AP view. B. Anteroposterior ankle
radiograph, 6 years after internal supramalleolar closing-wedge varus osteotomy.
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Takakura Stage IIIB. A. Preoperative ankle radiograph, AP view. B. Anteroposterior ankle radiograph, 2
years after internal supramalleolar opening-wedge valgus osteotomy.

Table 2. Associtated procedures

3 7

Fibula osteotomy 4

External column lengthening 0 1 1
Calcaneal valgus osteotomy 3 1 4
Subtalar arthrodesis 0 2 2
Transfer of lateral peroneus longus tendon to lateral peroneus brevis tendon 1 1 2
Deltoid ligament repair 0 2 2
Bostrom-Gould surgery 2 2 4
Bone graft 2 1 3
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Radiographic findings

In the group of patients with varus misalignment, the ADTA was modified from a median of 8§7.51 (IQR 78.18-
89.5) preoperatively to a median of 91.47 (IQR 91.3-94.42) postoperatively (p <.0.05); the median LDTA changed
from 84.17 (IQR 79.01-88) preoperatively to a median of 77.14 (IQR 76.73-82) postoperatively (p = 0.57); the IM
angle changed from a median of 106.6 (IQR 102.25-110.65) preoperatively to a median of 96.74 (IQR 96-103.48)
postoperatively (p = 0.06); and the TIA changed from a median of 5.6 (IQR 4.87-7.42) preoperatively to a median
of 5.94 (IQR 1,.66-7.56) postoperatively (p = 0.74).

With respect to valgus misalignments, the ADTA changed from a median of 91.72 (IQR 85.72-98.32) to a me-
dian of 82.52 (IQR 78.24-87.18) (p<0.05); the LDTA, from a median of 87.68 (IQR 85.63-91.11) to a median of
90.6 (IQR 83.61-95.63) (p=0.72); the IM angle, from a median of 98.96 (IQR 90.96-102.35) to a median of 102.77
(IQR 99.52-106.45) (p <0.05); the TIA, from a median of 5.22 (IQR 1.80-7.1) to a median of 5.07 (IQR 1.84-5.13)

(p <0.05) ( ).
In terms of osteoarthritic changes, Takakura stage II was the most frequent ( ).

Table 3. Radiographic outcomes

Varus Valgus
(n=5) (n=8)

Parameters Preoperative Postoperative p’ Preoperative Postoperative p
Talar tilt angle, median 5.6 5.94 0.74 5.22 (1.80-7.1) 3.325 <0.05
(IQR) (4.87-7.42) (1.66-7.56) (1.83-5.13)

Anterior distal tibial angle, 87.51 91.47 <0.05 91.72 (85.72-98.32) 82.52 <0.05
median (IQR) (78.18-89.5) (91.3-94.42) (78.24-87.18)
Intermalleolar angle, 106.6 96.74 0.06 98.96 (90.96-102.35) 102.77 <0.05
median (IQR) (102.25-110.65) (96-103.48) (99.51-106.44)

Lateral distal tibial angle, 84.17 77.14 0.57 87.68 (85.63-91.11) 90.60 0.72
median (IQR) (79.01-88) (76.73-82) (83.61-95.63)

*Statistical significance was established at p <0.05. IQR = interquartile range.

Table 4. Evolution of Takakura stages by patient

Patient Takakura stage Takakura stage Stage variation
(Preoperative) (Postoperative)
1 11 11 0

2 ITA I11B 1+
3 1I II 0
4 111B 1B 0
5 IIA 1A 0
6 I I 0
7 I11B v 1+
8 I I 0
9 I11B I11B 0
10 I I 0
11 II II 0
12 II IT 0
13 1A 1A 0
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Regarding complications, osteosynthesis was removed in one patient due to implant intolerance. One patient
required revision surgery due to lack of consolidation. Four months after the operation, the tibia osteosynthesis
broke, so surgical correction was performed with two higher profile plates, PEEK cage and bone substitute.

No arthrodesis or arthroplasty conversion surgery was necessary in any case. One evolved with mild pain in the
rearfoot at the level of the peroneal tendons, which disappeared with the use of plantar orthoses. There was one
case of delayed healing of the wound that was resolved with advanced wound healing.

DISCUSSION

The results of SMOT for the surgical treatment of asymmetric ankle osteoarthritis have been published in mul-
tiple international series.>®'*?>3 In our region, there are very few series published;** none in our country. It is a
technique that, although it has been described and studied for some time, is still under discussion. In our series,
the clinical outcomes were very good, with significant improvement in VAS and AOFAS scores, and a very good
subjective perception of the procedure. Regarding the radiographic outcomes, most of the parameters improved in
the anteroposterior evaluation of the ankle in both groups. In the valgus misalignment group, the variation of TIA,
IM and ADTA angles was statistically significant. In the varus misalignment group, the ADTA showed statistical
significance, while the TIA did not significantly improve. Statistical analysis of the results has to be considered
in the context of a small sample. The median time to consolidation in our series was 10.4 weeks (IQR 8-12). One
patient progressed to pseudarthrosis and required a revision procedure. Postoperative complications were rare. In
no case was conversion to arthrodesis or arthroplasty necessary at the end of follow-up.

In the series of Kradhenbiihl et al. on medial opening-wedge supramalleolar osteotomies for varus correction,
the ADTA and TIA in the ankle mortise view changed significantly compared to the preoperative evaluation. They
did not find statistically significant changes for the LDTA.’ In their series to correct asymmetric osteoarthritis
with varus deformity using a medial opening-wedge SMOT, Tanaka et al. reported correction in all angles preop-
eratively with respect to postoperatively, but did not mention statistical significance.'® In the series published by
Stamatis et al, varus deformities were corrected using a medial opening-wedge SMOT, while valgus deformities
were corrected with a medial closing-wedge SMOT. The ADTA was corrected postoperatively with a statistically
significant difference in both varus and valgus misaligned ankles. But, as in our cases with the postoperative
LDTA, they found no statistically significant differences from preoperatively.”’ This seems reasonable given that
SMOT corrects the deformity in the coronal plane.

While sagittal plane deformities can be modified, correcting such misalignments requires a correction in the
dimension of the wedge in the anteroposterior direction or opting for dome-shaped osteotomies alignment of the
ankle are important factors affecting clinical outcomes after SMOT. In agreement with the recommendations of
Hintermann et al.,” we prefer to achieve a slight overcorrection of the osteotomy to change the loading axis and
counteract the deforming effect of the soft tissues. On the other hand, although opening-wedge osteotomies can
generate a slight loss of correction due to the collapse of the bone graft and the consequent closure of the oste-
otomy, fixation with a locking plate could add stability, preventing this phenomenon of under-correction from
occurring. In our series of patients with varus deformity, we conducted medial opening-wedge osteotomies when
the deformity was mild, and lateral closing-wedge osteotomies when the deformity was more severe. Valgus defor-
mities were treated with medial closing-wedge osteotomies, with favorable outcomes in all cases.

Pagenstert et al. indicated fibula osteotomy when the IM angle had a difference of at least 5° compared to the
contralateral angle, or in fracture sequelae that, on tomographic evaluation, showed a rotational deformity or sub-
luxation at the level of the syndesmosis; they performed either a shortening or lengthening Z osteotomy.*®
ly, Lim et al. published a series of patients with medial ankle osteoarthritis who were treated with a comparative
medial opening-wedge osteotomy with or without the addition of a fibula osteotomy; the results were increased
medial gutter space and greater lateral translation of the talus in the fibula osteotomy group.”’” In our experience,
fibula osteotomy was performed in patients with varus deformity to create more space for the mortise and thus re-
duce the talus. In patients with valgus deformity, lengthening of the fibula was chosen when the fibula was shorter
(because of a history of ankle fracture) and did not adequately hold the talus in its correct position.

Recent-
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In relation to ligament instability of the ankle and hindfoot, it is important to perform joint stress maneuvers
under fluoroscopy before starting surgery and repeat them after tibial osteotomy. Some authors explain that the
improvement of the distal tibial angle after tibial osteotomy results in better ankle stability, making ligament recon-
struction unnecessary in some cases.® In our series, after supramalleolar osteotomy, two (25%) of the ankles with
valgus deformity still had medial ligament instability and required a deltoid ligament reconstruction, two (25%)
with lateral instability required a lateral anatomic ligament reconstruction, and two (40%) with varus instability
required a lateral ligament reconstruction.

In a series with a long follow-up, Krihenbiihl et al. reported that the greatest number of complications occurred
during the first two years,” which is precisely the minimum follow-up time in our series. Hintermann et al. stated
that the complication rates of supramalleolar osteotomies are low.” It has been reported that opening-wedge oste-
otomies take longer to heal® than closing-wedge osteotomies. Takakura et al® reported four pseudarthroses in 18
operated ankles. In our series, the only case that evolved with pseudarthrosis was an opening-wedge osteotomy.
Hintermann et al. also described a revision rate of 19%, while ours was 7%. In their series of 294 supramal-
leolar osteotomies, Krihenbiihl et al. reported that 38 (12.95%) patients required conversion to arthroplasty or
arthrodesis, at an average of five years after surgery (range 2-16).” Therefore, it is not surprising that we have not
yet reported reconversions despite our two-year average follow-up period. In their series of nine supramalleolar
osteotomies, Harstall et al. reported the need to remove the osteosynthesis in two patients.”® In our series, the os-
teosynthesis material had to be removed in only one patient due to intolerance.

The median time to consolidation in our series was 10.4 weeks (IQR 8-12), while other authors report similar
average times, from 10 to 15.2 weeks.”'"*

When analyzing the different series for comparison, the stage of the operated patients must be considered. Hong-
mou et al. reported that the preoperative Takakura stage with the highest number of cases was I11A;* in our sample,
it was II. There were no cases of radiographic regression of Takakura stage after surgery, but we did observe two
cases of radiographic progression: one from stage IITA to stage IIIB and one from IIIB to IV; both with initial
valgus deformity. Other authors reported that two of the nine operated ankles showed radiographic progression of
osteoarthritis, which coincides with our results.”

In several studies, pain improved by about 3 to 4 points after supramalleolar osteotomy.?*>!*%2% In our series, the
VAS score improved similarly to other published series, based on greater preoperative pain in patients with varus
deformity. As for the evaluation with the AOFAS scale, something similar occurred. This scale has shown statisti-
cally significant improvements when comparing scores before and after surgery.”>* In our series, there was also
a statistically significant improvement in this score postoperatively for both varus and valgus deformities. Kim et
al. stated that 90.6% of patients reported good to excellent postoperative subjective outcomes.”® In our case, 12
(92.3%) reported satisfactory subjective outcomes, and responded that they would undergo surgery again.

Our study has certain limitations. The data were collected retrospectively, the number of patients is small and the
follow-up is short; several patients had undergone other added surgical procedures (calcaneal osteotomies, fibula
osteotomies, etc.) that could affect the final result of the supramalleolar osteotomy. However, it is difficult to study
SMOT in isolation, and this problem is present in all published studies.

Regarding strengths, we have not found a series of cases on this technique published in Argentina. All surgeries
were performed by the same surgical team. In the future, the results of series with a larger number of patients, with
more homogeneous pathology and longer follow-up should be published. Additionally, the evolution of patients in
equal stages treated with ankle arthroplasty or arthrodesis should be compared. The strategy of conducting multi-
center studies to increase the number of cases could also be considered.

CONCLUSIONS

SMOT as a treatment for asymmetric ankle osteoarthritis is a predictable technique, with very good clinical and
radiographic outcomes in the short and medium term. The results of our series are similar to those published by
other studies. This surgical technique had a low complication rate and no re-conversion was necessary during the
average 2-year follow-up.
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