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Abstract 

Background Supramalleolar osteotomy (SMOT) has emerged as a valuable treatment for ankle varus deformity; 
however, there are fewer reports of treatment outcomes in adolescents. The purpose of this study was to investi-
gate the radiologic and clinical outcomes of SMOT for the treatment of traumatic ankle joint varus deformity (TAVD) 
in adolescents.

Methods We reviewed 32 adolescent cases who underwent SMOT between February 2017 and February 2022 
for TAVD. Radiologic assessment included tibial anterior surface angle (TAS), talar tilt angle (TT), and tibial lateral 
surface angle (TLS) preoperatively and at 3 months and 12 months postoperatively, and clinical assessment was per-
formed using American Orthopaedic Foot and Ankle Society (AOFAS) scores, Visual Analogue Scale (VAS) scores, 
and ankle dorsiflexion–plantarflexion ROM including preoperative and 6 months postoperative and 12 months 
postoperative.

Results All 32 patients were followed up completely with a mean follow-up of (20.3 ± 3.2) months. From the radio-
logic outcomes, the mean preoperative TAS improved from 61.53 ± 3.74 to 88 ± 1.72 at 12 months postoperatively, 
the mean preoperative TT decreased from 2.25 ± 1.32 to 0.5 ± 0.57 at 12 months postoperatively, the mean preopera-
tive TLS improved from 76.72 ± 0.21 to 79.34 ± 1.52 at 12 months postoperatively, the differences between the above 
preoperative and 12 months postoperative radiologic outcomes were statistically significant (p < 0.05), the mean pre-
operative AOFAS score improved from 65.5 ± 9.40 to 92.34 ± 4.00 at 12 months postoperatively, the mean preoperative 
VAS score decreased from 2.44 ± 1.24 to 0.78 ± 0.75 at 12 months postoperatively, and the mean preoperative range 
of motion (ROM) of ankle improved from 50.16 ± 7.46 to 55.78 ± 4.77 at 12 months postoperatively. The differences 
between the above preoperative and 12 months postoperative clinical results were statistically significant (p < 0.05).

Conclusion Our study demonstrated that SMOT was effective in correcting TAVD and significantly improving ankle 
function in adolescents, and that it is an efficient and successful method for restoring ankle joint congruence and nor-
mal hindfoot alignment.
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Introduction
Adolescent ankle fractures are relatively common in 
clinical practice, and distal tibial metaphyseal fractures 
are a relatively common metaphyseal injury, the second 
most common injury after distal radial metaphyseal, 
accounting for approximately 11–20% of all metaphyseal 
fractures [1]. Adolescents are still in the developmental 
stage, and damage to the distal tibial epiphysis may result 
in developmental deformities leading to ankle varus and 
valgus deformities, followed by ankle instability, carti-
lage destruction, ankle arthritis, and other injuries, which 
gradually aggravate the deformities and form a vicious 
circle, leading to progressive aggravation of ankle dys-
function and pain, and affecting the adolescents’ devel-
opment and sports; compared to other lower extremity 
arthritis, ankle arthritis develops at a younger age and 
progresses more rapidly, progressing to end stage within 
10–20  years of injury [2]. Therefore, the treatment of 
traumatic ankle joint varus deformity (TAVD) in adoles-
cents is an urgent issue in clinical work.

Currently, the mainstay of treatment for ankle inversion 
deformity is joint-preserving surgery, and for patients 
with severe end-stage ankle arthritis, ankle arthrodesis 
and ankle arthroplasty are the main surgical modalities, 
while the more common surgical option for joint-pre-
serving surgery is supramalleolar osteotomy (SMOT) 
[3]. SMOT improves the biomechanics of the ankle joint 
primarily by correcting the abnormal angulation of the 
distal tibia and adjusting the lower extremity joints [4], 
thereby slowing the progression and development of 
ankle arthritis and even reversing the radiographic stag-
ing of ankle arthritis [5]. Due to the fact that SMOT can 
correct ankle inversion deformities without sacrificing 
the ankle joint, they are significant in the treatment of 
TAVD in more youthful patients [6].

To the best of our knowledge, SMOT has been shown 
to be effective in the correction of varus and valgus 
deformities of the ankle in adults and in the treatment of 
ankle arthritis [7, 8], and it helps improve patients’ qual-
ity of life [9]; nevertheless, there are not many reports on 

the efficacy of SMOT for the treatment of TAVD in ado-
lescents at the developmental stage; therefore, the aim of 
this study was to retrospectively analyze the clinical data 
on the application of SMOT for the treatment of TAVD 
in adolescents at our institution and to evaluate the radi-
ological and clinical outcomes of SMOT for the treat-
ment of TAVD in adolescents.

Patients and methods
Patient characteristics
This was a retrospective study approved by the Eth-
ics Committee of the Sixth Affiliated Hospital of Xin-
jiang Medical University, and the study protocol was 
conducted in accordance with the Declaration of Hel-
sinki, with all patients providing written informed con-
sent. In this study, we reviewed 32 cases of adolescents, 
17 males and 15 females, who underwent SMOT for 
TAVD between February 2016 and February 2022, and 
the mean age of the patients at the time of surgery was 
14.9 ± 1.5 years (range: 12–17 years). The inclusion exclu-
sion criteria are shown in Table 1. Routine bipedal radi-
ographs were taken before and after surgery, and the 
imaging and clinical data of all patients were examined by 
two senior orthopedic surgeons who were not involved in 
the surgery, and all patients were followed up completely.

Operative technique
All of the procedures were performed in the supine posi-
tion by the same surgeons under spinal or general anes-
thesia; a tourniquet is applied to the thigh and is used 
for this procedure. A 6–8 cm medial ankle incision was 
made while ensuring the protection of the saphenous 
vein and saphenous nerve. The medial tibia was then 
detached, and the precise position of the oblique oste-
otomy was determined using two parallel Kirschner wires 
under C-arm fluoroscopy. The plane and tilt angle of the 
osteotomy were calculated based on preoperative radio-
graphs, specifically by measuring the center of rotation of 
angulation (CORA) of the tibia. Minimally invasive oste-
otome drilling was performed by creating rows of holes 

Table 1 The inclusion and exclusion criteria

TAS tibial anterior surface angle, TT talar tilt angle

The inclusion criteria The exclusion criteria

Age range 12–18 years Congenital deformities, rheumatoid arthritis, Charcot type joints, tumors 
and bone metastases, bone infections

Had a distal tibiofibular fracture resulting in ankle inversion deformity ≥ 15°, 
disease duration > 6 months, joint deformity, dysfunction

Severe congenital underlying diseases

TAS < 75°, TT < 3° Takakura Stage IV patients

Patient’s willingness to undergo surgical treatment and follow-up of joint 
function

Presence of severe muscular, vascular, or neurological disease 
in the affected limb
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using a bone knife, ensuring that the osteotomy did not 
involve the articular surface. The tibia was gradually ele-
vated using the stacked knife method while monitoring 
the tightness of the ankle joint tube. Intraoperative fluor-
oscopy indicated tibial anterior surface angle (TAS) to 
be approximately 85°-95° and tibial lateral surface angle 
(TLS) about 78°-83°, which helped determine the line of 
force in the ankle joint. Any bony cribriforms hinder-
ing the placement of the plate and impeding movement 
were removed. Autologous iliac bone was utilized for 
implantation at the osteotomy site. A distal tibia medial 
anatomical locking plate was then positioned for fixa-
tion, followed by suturing of the incision, placement of 
a drainage tube, and bandaging for stabilization. Dur-
ing the surgery, if the ankle canal is identified to be tight, 
prelaxation is performed as a preventive measure against 
ankle canal syndrome. In cases of intraoperative ankle 
displacement, lateral ankle mismatch, or impingement, 
fibula amputation is conducted to ensure the integrity of 
the coin sign, followed by immobilization using an ana-
tomical plate. The need for adjustments to the medial 
and lateral ligaments is determined through stability test-
ing of the ankle after immobilization [10].

Postoperative treatment
The drain was removed within 48 h after surgery, and the 
stitches were removed at 14  days; 2–3  weeks of immo-
bilization and braking in a cast or ankle mobility brace, 
3–4 weeks of passive weightless plantarflexion and dorsi-
flexion, 5–7 weeks of active and passive functional exer-
cises in all directions of the unweighted joint with the 
removal of the brace, and 8–12 weeks of partially weight-
bearing activities under the protection of an inflatable 
brace. After bone healing at the osteotomy site was con-
firmed by clinical and imaging data, 5–10  kg per week 
was increased to full weight-bearing starting at 15  kg 
and a rehabilitation program was initiated, including 
a gradual return to full activity. Internal fixation plates 
were removed 1 to 2  years after surgery, depending on 
the healing of the osteotomy site, at a mean of (12.2 ± 2.1) 
months.

Radiographic evaluation
Radiographic and clinical evaluations preoperatively, in 
the immediate postoperative period, at 1, 2, 3, 6, 12, and 
18  months, and annually thereafter, at each follow-up 
visit, anterior posterior and lateral radiographs of the foot 
and ankle were performed, and TAS—the angle between 
the tibial axis and the articular surface of the distal tibia, 
and talar tilt angle (TT)—the angle between the articular 
surface of the distal tibia and the tangent line to the upper 
surface of the talus, were assessed on anterior posterior 
radiographs of the foot, and TLS—the angle between the 

tibial axis and the line joining the anterior and posterior 
margins of the distal tibial joint, was assessed on lateral 
foot radiographs, osteotomy fusion was defined as satis-
fying clinical criteria (no pain, no warmth, improvement 
in swelling, and stability to stress) and radiographic crite-
ria (visible trabecular bridging across the osteotomy site 
and no lucency around the hardware) [11]. Radiographic 
and clinical data of all patients were randomized by two 
senior orthopedic surgeons who were not involved in the 
surgery; each surgeon was unaware of any other data on 
all patients. Previous studies have shown that the angu-
lar measurements used in this study have good reliability 
[12–14].

Clinical evaluation
Clinical evaluation was performed using the Visual 
Analogue Scale (VAS) and the American Orthopaedic 
Foot and Ankle Society (AOFAS) scores to evaluate the 
functional recovery of the patients. The AOFAS scoring 
system consists of nine areas: pain, maximum walking 
distance, function, walking surface, sagittal plane motion, 
gait abnormalities, ankle hindfoot stability, hindfoot 
motion, and alignment. The VAS is performed by means 
of a 10-cm line, with 0 on the left indicating "no pain" and 
10 on the right indicating "most pain," and manual meas-
urement of ankle dorsiflexion–plantarflexion range of 
motion (ROM) using a standard protractor in a standard-
ized sitting position [15].

Statistical analysis
Statistical analyses were performed by SPSS version 27.0 
software (SPSS Inc., Chicago, IL, USA), and all data were 
expressed as mean ± standard deviation, and normal and 
non-normal data were compared using paired one-way 
ANOVA and Wilcoxon signed-rank test, respectively. 
TAS, TT, and TLS at preoperative, 3-month postopera-
tive, and 12-month postoperative follow-ups, and AOFAS 
scores, VAS scores, and ROM of ankle at preoperative, 
6-month postoperative, and 12-month postoperative fol-
low-ups were compared, and the difference was consid-
ered to be statistically significant at a p-value < 0.05.

Results
Radiologic Outcomes
The mean duration of surgery was 90  min (range: 
75–120 min). All cases were followed up completely and 
the osteotomy sites were fused within the follow-up time 
(20.3 ± 3.2  months), by observing a positive correlation 
between healing and bracing angle, good stable ankles 
were obtained in all cases and remained stable at final 
follow-up, and the assessment showed improvement in 
all cases. From the radiographic outcomes, the mean pre-
operative TAS improved from 61.53 ± 3.74° to 88 ± 1.72° 
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at 12  months postoperatively, which was a significant 
improvement, with a statistically significant difference 
(p < 0.05), the mean preoperative TT decreased from 
2.25 ± 1.32° to 0.5 ± 0.57° at 12  months postoperatively, 
which was a significant decrease, with a statistically sig-
nificant difference (p < 0.05), and the mean preopera-
tive TLS improved from 76.72 ± 0.21° to 79.34 ± 1.52° at 
12  months postoperatively, a statistically significant dif-
ference (p < 0.05). We also counted the radiographic out-
comes at 3 months postoperatively, as shown in Table 2 
and Fig. 1.

Clinical results
In terms of clinical results, the mean preoperative 
AOFAS score improved from 65.5 ± 9.40 to 92.34 ± 4.00 
at 12  months postoperatively, getting a significant 
improvement, with a statistically significant difference 

(p < 0.05), and the mean preoperative VAS score 
decreased from 2.44 ± 1.24 to 0.78 ± 0.75 at 12  months 
postoperatively, getting a significant decrease, with a 
The difference was statistically significant (p < 0.05), 
and the mean preoperative ROM of ankle improved 
from 50.16 ± 7.46 to 55.78 ± 4.77 at 12  months postop-
eratively, which got a significant improvement, and the 
difference was statistically significant (p < 0.05). We also 
statistically analyzed the clinical results at 6  months 
postoperatively, which are shown in Table 3 and Fig. 2, 
and the ankle joints of all the cases were painful and 
functionally improved after the operation, relieved and 
function improved, as shown in Fig. 3.

Table 2 Statistical results of two-by-two comparisons of radiologic outcomes under different follow-up time conditions

TAS tibial anterior surface angle, TT talar tilt angle, TLS tibial lateral surface angle, SD Standard Deviation

Radiologic outcome Evaluation time Average ± SD Bonferroni method to compare p values

Preoperative 3 months 
postoperatively

12 months 
postoperatively

TAS (degrees) Preoperative 61.53 ± 3.74 –  < 0.05  < 0.05

3 months postoperatively 89.75 ± 1.27 –  < 0.05

12 months postoperatively 88 ± 1.72 –

TT (degrees) Preoperative 2.25 ± 1.32 –  < 0.05  < 0.05

3 months postoperatively 0.81 ± 0.69 – 0.368

12 months postoperatively 0.5 ± 0.57 –

TLS (degrees) Preoperative 76.72 ± 0.21 –  < 0.05  < 0.05

3 months postoperatively 79.38 ± 1.95 – 0.999

12 months postoperatively 79.34 ± 1.52 –

Fig. 1 Distribution of various radiologic outcomes at different follow-up times. A is TAS at different follow-up times, B is TT at different follow-up 
times, and C is TLS at different follow-up times
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Complications
During the observation period, no persistent bleed-
ing occurred at the incision in all patients, one (3%) 
patient had incision infection, two (6%) patients had 
delayed healing of the incision, which was resolved by 
local wound care and antibiotic treatment, and one (3%) 
patient had postoperative popliteal vein thrombosis, 
which was stabilized by application of anticoagulation 
therapy. All patients did not require secondary surgery.

Discussion
This study discusses the radiologic and clinical outcomes 
of SMOT for the treatment of TAVD in adolescents. 
Traumatic factors are responsible for up to 80% of ankle 
arthritis [16], and the prevalence of ankle osteoarthritis 
is higher in young people compared to patients with hip 

and knee arthritis. If TAVD in adolescents is not treated 
as early as possible, it will lead to long-term uneven load-
ing of the talus surface, resulting in damage to the articu-
lar cartilage and ultimately osteoarthritis of the ankle 
joint, which is more likely to occur due to the smaller 
weight-bearing area of the ankle joint and the greater 
loading per unit area [17]; end-stage ankle arthritis can 
only be treated by ankle arthrodesis and ankle arthro-
plasty [18, 19]; therefore, TAVD in adolescents should 
be corrected as soon as possible by surgical treatment. 
SMOT may balance internal ankle stresses by shifting 
weight-bearing concentrated medially to the lateral side 
[20], thereby improving ankle biomechanics, preventing 
the development of ankle osteoarthritis or alleviating the 
pain or effects of inversion-type ankle osteoarthritis and 
slowing the progression of ankle osteoarthritis.

Table 3 Statistical results of two-by-two comparisons of clinical results under different follow-up time conditions

VAS Visual Analogue Scale, AOFAS American Orthopaedic Foot and Ankle Society, ROM range of motion, SD standard deviation

Clinical results Evaluation time Average ± SD Bonferroni method to compare p values

Preoperative 6 months 
postoperatively

12 months 
postoperatively

AOFAS score (points) Preoperative 65.5 ± 9.40 –  < 0.05  < 0.05

6 months postoperatively 81.75 ± 5.49 –  < 0.05

12 months postoperatively 92.34 ± 4.00 –

VAS score (points) Preoperative 2.44 ± 1.24 –  < 0.05  < 0.05

6 months postoperatively 1.25 ± 1.22 – 0.206

12 months postoperatively 0.78 ± 0.75 –

ROM of ankle (degrees) Preoperative 50.16 ± 7.46 – 0.059  < 0.05

6 months postoperatively 53.59 ± 5.27 – 0.310

12 months postoperatively 55.78 ± 4.77 –

Fig. 2 Distribution of various clinical results at different follow-up times. A is the AOFAS score at different follow-up times, B is the VAS score 
at different follow-up times, and C is the ROM of ankle at different follow-up times
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SMOT is commonly used for ankle-preserving treat-
ment of early to mid-stage ankle osteoarthritis, and most 
clinical studies of supra-ankle osteotomies have focused 
on adult patients with ankle osteoarthritis with little 
attention paid to adolescents; however, there is a close 
relationship between ankle deformity and the develop-
ment of ankle osteoarthritis [21]. Kim et al. [22] treated 
13 patients with valgus ankle osteoarthritis with a mean 
age of 51.2  years (29 ~ 69  years) with SMOT and fol-
lowed up for up to 2 years, which showed improvement 
in arthritis grading in all but one patient, all of whom did 
not undergo a joint sacrifice procedure at the time of the 
final follow-up. Choi et  al. [20] retrospectively analyzed 
31 patients with severe varus ankle osteoarthritis treated 
with SMOT at a mean age of 61.5 ± 7.3  years and con-
cluded that SMOT was more effective in patients with 
varus ankle osteoarthritis, and that it had a significant 
effect on the improvement of patients’ clinical symptoms 
despite the fact that the TT was not significantly cor-
rected. It has also been studied in much younger patients. 
Kotlarsky et al. [23] performed supra-ankle osteotomy in 
seven patients with traumatic ankle varus deformity at 
a median age of 14  years (10–15  years), and the results 
demonstrated that SMOT can safely and effectively cor-
rect adolescent ankle varus deformity, and provided 
an anatomical correction of post-traumatic distal tibial 
varus deformity and restored ankle joint alignment. 

However, the number of patients included was limited, so 
more patients are needed to enrich the findings.

In this study, we confirmed that SMOT is equally 
good in correcting TAVD in adolescents, and we chose 
open medial wedge osteotomy over closed medial wedge 
osteotomy because it does not lead to shortening of the 
tibia in developing adolescents and the simple surgical 
approach makes it easier to accurately osteotomize the 
bone [23]. Our results showed that the mean preopera-
tive TAS improved from 61.53 ± 3.74° in 32 patients to 
88 ± 1.72° at 12  months postoperatively, the mean pre-
operative TT decreased from 2.25 ± 1.32° to 0.5 ± 0.57° at 
12  months postoperatively, the mean preoperative TLS 
improved from 76.72 ± 0.21° to 79.34 ± 1.52° at 12 months 
postoperatively, all the radiographic outcomes were sig-
nificantly improved, the mean preoperative AOFAS 
score improved from 65.5 ± 9.40 to 92.34 ± 4.00, the mean 
preoperative VAS score decreased from 2.44 ± 1.24 to 
0.78 ± 0.75 at 12  months postoperatively, and the mean 
preoperative ROM of ankle improved from 50.16 ± 7.46 
to 55.78 ± 4.77 at 12 months postoperatively, all of which 
were also significant improvements in clinical outcomes. 
Our findings were in good agreement with the results of 
SMOT treatment for adult patients with ankle arthritis 
in terms of radiographic outcomes and clinical results 
[24–26]; however, from the long-term follow-up results, 
the prognosis of adult patients with ankle arthritis had a 

Fig. 3 Radiographic follow-up and intraoperative photographs of a 16-year-old patient who underwent Supramalleolar osteotomy for treatment 
of traumatic ankle joint varus deformity. A is a preoperative anterior posterior radiograph, B is a 3-month postoperative anterior posterior 
radiograph, C is a 12-month postoperative anterior posterior radiograph, D is a medial ankle incision and osteotomy based on preoperative 
planning, E is a fibula osteotomy, F is a preoperative lateral radiograph, G is a 3-month postoperative lateral radiograph, H is a 12-month 
postoperative lateral radiograph, I is to spread the osteotomy surface and check that the distal tibia medial anatomic locking plate can be placed 
successfully, and J is the use of autogenous bone implantation at the osteotomy site followed by placement of a distal tibia medial anatomical 
locking plate for fixation
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strong correlation with the severity of preoperative ankle 
arthritis and their age [27, 28]; therefore, the authors con-
cluded that SMOT is safer, more effective and has a bet-
ter prognosis for adolescent patients.

There are some limitations to this study: Firstly, this 
was a retrospective study with a small number of patients 
included, which may have affected the accuracy of data 
collection and the accuracy of the results and did not pro-
vide the optimal angle of correction of the ankle for TAS, 
TT, and TLS. Secondly, some of the patients required 
additional fibular osteotomies to correct the deformity 
properly, and the impact of these procedures on clinical 
and radiographic outcomes is unknown. Third, without 
complete preoperative leg radiographs, possible deformi-
ties at the knee or hip level have remained undetected, 
and such deformities may influence decision making. 
In addition, the study lacked a control group. Finally, 
although the authors performed at least 1 year of clinical 
and imaging follow-up of the ankle, future studies should 
focus on collecting long-term outcomes and survival 
analyses to determine the effectiveness of SMOT.

Conclusions
In conclusion, this study provides a preliminary discus-
sion of the radiologic and clinical outcomes of SMOT for 
the treatment of TAVD in adolescents. Our study dem-
onstrates that SMOT is effective in correcting TAVD and 
significantly improving ankle function in adolescents, and 
that it is an effective and successful method for restoring 
ankle joint congruence and normal hindfoot alignment.

Abbreviations
SMOT  Supramalleolar osteotomy
TAVD  Traumatic ankle joint varus deformity
TAS  Tibial anterior surface angle
TT  Talar tilt angle
TLS  Tibial lateral surface angle
AOFAS  American Orthopedic Foot and Ankle Society
VAS  Visual Analogue Scale
ROM  Range of motion

Acknowledgements
The author would like to thank Prof. Chengwei Wang for his guidance and 
input during the project.

Authors’ contributions
WCW had full access to all the data in the study and took responsibility for 
the integrity of the data and the accuracy of data analysis. ZB, LW, and ZYQ 
contributed to conducting the experiment and writing the manuscript. PW 
and WX contributed to the study design. QL collected experimental data. All 
authors read and approved the final version of the manuscript.

Funding
This research was funded by the National Natural Science Foundation of China 
(project number: 81860164).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All experimental protocols were approved by the Ethics Committee of 
The Sixth Affiliated Hospital of Xinjiang Medical University. The study was 
conducted according to the principles of the Declaration of Helsinki, and 
participants gave written informed consent to participate in our research.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no conflicts of interest concerning this 
study.

Author details
1 The Sixth Affiliated Hospital of Xinjiang Medical University, Urumqi, Xinjiang 
830000, People’s Republic of China. 2 The Affiliated Tumor Hospital of Xinjiang 
Medical University, Urumqi, Xinjiang 830000, People’s Republic of China. 

Received: 7 September 2023   Accepted: 26 September 2023

References
 1. Chen H, Chen Z, Chen P, Zheng Z, Lin J. Incidence of growth distur-

bance after distal tibia physeal fracture in children. J Orthop Surg Res. 
2022;17(1):529. https:// doi. org/ 10. 1186/ s13018- 022- 03427-4.

 2. Li J, Wang W, Yang H, Li B, Liu L. Management of elderly traumatic ankle 
arthritis with ilizarov external fixation. Orthop Surg. 2022. https:// doi. org/ 
10. 1111/ os. 13399.

 3. Yang Z, Cui L, Tao S, Zhao J, Wang L, Zhang F, et al. Comparisons 
between ankle distraction arthroplasty and supramalleolar osteotomy 
for treatment of post-traumatic varus ankle osteoarthritis. BMC Surg. 
2022;22(1):178. https:// doi. org/ 10. 1186/ s12893- 022- 01623-x.

 4. Kim J, Henry JK, Kim JB, Lee WC. Dome supramalleolar osteotomies for 
the treatment of ankle pain with opposing coronal plane deformities 
between ankle and the lower limb. Foot Ankle Int. 2022;43(4):474–85. 
https:// doi. org/ 10. 1177/ 10711 00721 10506 39.

 5. Zhao HM, Wen XD, Zhang Y, Liang JQ, Liu PL, Li Y, et al. Supramalleolar 
osteotomy with medial distraction arthroplasty for ankle osteoarthritis 
with talar tilt. J Orthop Surg Res. 2019;14(1):120. https:// doi. org/ 10. 1186/ 
s13018- 019- 1168-z.

 6. Chen ZY, Wu ZY, An YH, Dong LF, He J, Chen R. Soft tissue release 
combined with joint-sparing osteotomy for treatment of cavovarus 
foot deformity in older children: analysis of 21 cases. World J Clin Cases. 
2019;7(20):3208–16. https:// doi. org/ 10. 12998/ wjcc. v7. i20. 3208.

 7. van Raaij T, van der Wel H, Beldman M, de Vries A, Kraeima J. Two-step 
3D-guided supramalleolar osteotomy to treat varus ankle osteoarthritis. 
Foot Ankle Int. 2022;43(7):937–41. https:// doi. org/ 10. 1177/ 10711 00722 
10826 43.

 8. Burssens A, Susdorf R, Krahenbuhl N, Peterhans U, Ruiz R, Barg A, et al. 
Supramalleolar Osteotomy for ankle varus deformity alters subtalar joint 
alignment. Foot Ankle Int. 2022. https:// doi. org/ 10. 1177/ 10711 00722 
11080 97.

 9. Alajlan A, Valderrabano V. Joint preserving surgery for valgus ankle osteo-
arthritis. Foot Ankle Clin. 2022;27(1):57–72. https:// doi. org/ 10. 1016/j. fcl. 
2021. 11. 003.

 10. Mosca M, Buda R, Ceccarelli F, Fuiano M, Vocale E, Massimi S, et al. Ankle 
joint re-balancing in the management of ankle fracture malunion using 
fibular lengthening: prospective clinical-radiological results at mid-
term follow-up. Int Orthop. 2021;45(2):411–7. https:// doi. org/ 10. 1007/ 
s00264- 020- 04690-y.

 11. Gorman TM, Beals TC, Nickisch F, Saltzman CL, Lyman M, Barg A. Hindfoot 
arthrodesis with the blade plate: increased risk of complications and 
nonunion in a complex patient population. Clin Orthop Relat Res. 
2016;474(10):2280–99. https:// doi. org/ 10. 1007/ s11999- 016- 4955-4.

 12. Nosewicz TL, Knupp M, Bolliger L, Hintermann B. The reliability and valid-
ity of radiographic measurements for determining the three-dimensional 

https://doi.org/10.1186/s13018-022-03427-4
https://doi.org/10.1111/os.13399
https://doi.org/10.1111/os.13399
https://doi.org/10.1186/s12893-022-01623-x
https://doi.org/10.1177/10711007211050639
https://doi.org/10.1186/s13018-019-1168-z
https://doi.org/10.1186/s13018-019-1168-z
https://doi.org/10.12998/wjcc.v7.i20.3208
https://doi.org/10.1177/10711007221082643
https://doi.org/10.1177/10711007221082643
https://doi.org/10.1177/10711007221108097
https://doi.org/10.1177/10711007221108097
https://doi.org/10.1016/j.fcl.2021.11.003
https://doi.org/10.1016/j.fcl.2021.11.003
https://doi.org/10.1007/s00264-020-04690-y
https://doi.org/10.1007/s00264-020-04690-y
https://doi.org/10.1007/s11999-016-4955-4


Page 8 of 8Zhao et al. Journal of Orthopaedic Surgery and Research          (2023) 18:749 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

position of the talus in varus and valgus osteoarthritic ankles. Skeletal 
Radiol. 2012;41(12):1567–73. https:// doi. org/ 10. 1007/ s00256- 012- 1421-6.

 13. Barg A, Harris MD, Henninger HB, Amendola RL, Saltzman CL, Hinter-
mann B, et al. Medial distal tibial angle: comparison between weight-
bearing mortise view and hindfoot alignment view. Foot Ankle Int. 
2012;33(8):655–61. https:// doi. org/ 10. 3113/ FAI. 2012. 0655.

 14. Krahenbuhl N, Susdorf R, Barg A, Hintermann B. Supramalleolar 
osteotomy in post-traumatic valgus ankle osteoarthritis. Int Orthop. 
2020;44(3):535–43. https:// doi. org/ 10. 1007/ s00264- 019- 04476-x.

 15. Stotz A, Maghames E, Mason J, Groll A, Zech A. Maximum isometric 
torque at individually-adjusted joint angles exceeds eccentric and 
concentric torque in lower extremity joint actions. BMC Sports Sci Med 
Rehabil. 2022;14(1):13. https:// doi. org/ 10. 1186/ s13102- 022- 00401-9.

 16. Nwankwo EC Jr, Labaran LA, Athas V, Olson S, Adams SB. Pathogenesis 
of posttraumatic osteoarthritis of the ankle. Orthop Clin North Am. 
2019;50(4):529–37. https:// doi. org/ 10. 1016/j. ocl. 2019. 05. 008.

 17. Zhang C, Lin Y, Yang L, Duan X. 3D printing-assisted supramalleolar oste-
otomy for ankle osteoarthritis. ACS Omega. 2022;7(46):42191–8. https:// 
doi. org/ 10. 1021/ acsom ega. 2c047 64.

 18. Fischer S, Klug A, Faul P, Hoffmann R, Manegold S, Gramlich Y. Superiority 
of upper ankle arthrodesis over total ankle replacement in the treatment 
of end-stage posttraumatic ankle arthrosis. Arch Orthop Trauma Surg. 
2022;142(3):435–42. https:// doi. org/ 10. 1007/ s00402- 020- 03714-x.

 19. Perisano C, Cannella A, Polichetti C, Mascio A, Comisi C, De Santis V, 
et al. Tibiotalar and tibiotalocalcaneal arthrodesis with paragon28 
silverback(Tm) plating system in patients with severe ankle and hindfoot 
deformity. Medicina (Kaunas). 2023. https:// doi. org/ 10. 3390/ medic ina59 
020344.

 20. Choi JY, Kim KW, Suh JS. Low tibial valgization osteotomy for more severe 
varus ankle arthritis. Foot Ankle Int. 2020;41(9):1122–32. https:// doi. org/ 
10. 1177/ 10711 00720 938801.

 21. Hintermann B, Knupp M, Barg A. Supramalleolar osteotomies for the 
treatment of ankle arthritis. J Am Acad Orthop Surg. 2016;24(7):424–32. 
https:// doi. org/ 10. 5435/ JAAOS-D- 12- 00124.

 22. Kim J, Kim JB, Lee WC. Outcomes of joint preservation surgery in valgus 
ankle arthritis without deltoid ligament insufficiency. Foot Ankle Int. 
2021;42(11):1419–30. https:// doi. org/ 10. 1177/ 10711 00721 10160 01.

 23. Kotlarsky P, Abu Dalu K, Eidelman M. Correction of posttraumatic medial 
growth arrest of the distal tibia in adolescents. Foot Ankle Spec. 2021. 
https:// doi. org/ 10. 1177/ 19386 40021 10291 30.

 24. Xu Y, Xu XY. Medial open-wedge supramalleolar osteotomy for patients 
with takakura 3B ankle osteoarthritis: a mid- to long-term study. Biomed 
Res Int. 2019;2019:7630868. https:// doi. org/ 10. 1155/ 2019/ 76308 68.

 25. Scheidegger P, Horn Lang T, Schweizer C, Zwicky L, Hintermann B. A 
flexion osteotomy for correction of a distal tibial recurvatum deformity: 
a retrospective case series. Bone Joint J. 2019. https:// doi. org/ 10. 1302/ 
0301- 620X. 101B6. BJJ- 2018- 0932. R2.

 26. Krahenbuhl N, Akkaya M, Deforth M, Zwicky L, Barg A, Hintermann B. 
Extraarticular supramalleolar osteotomy in asymmetric varus ankle osteo-
arthritis. Foot Ankle Int. 2019;40(8):936–47. https:// doi. org/ 10. 1177/ 10711 
00719 845928.

 27. Kim YS, Kim YB, Koh YG. Prognostic factors affecting correction angle 
changes after supramalleolar osteotomy using an opening wedge plate 
for varus ankle osteoarthritis. J Foot Ankle Surg. 2019;58(3):417–22. 
https:// doi. org/ 10. 1053/j. jfas. 2018. 09. 003.

 28. Krahenbuhl N, Zwicky L, Bolliger L, Schadelin S, Hintermann B, Knupp M. 
Mid- to long-term results of supramalleolar osteotomy. Foot Ankle Int. 
2017;38(2):124–32. https:// doi. org/ 10. 1177/ 10711 00716 673416.

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

https://doi.org/10.1007/s00256-012-1421-6
https://doi.org/10.3113/FAI.2012.0655
https://doi.org/10.1007/s00264-019-04476-x
https://doi.org/10.1186/s13102-022-00401-9
https://doi.org/10.1016/j.ocl.2019.05.008
https://doi.org/10.1021/acsomega.2c04764
https://doi.org/10.1021/acsomega.2c04764
https://doi.org/10.1007/s00402-020-03714-x
https://doi.org/10.3390/medicina59020344
https://doi.org/10.3390/medicina59020344
https://doi.org/10.1177/1071100720938801
https://doi.org/10.1177/1071100720938801
https://doi.org/10.5435/JAAOS-D-12-00124
https://doi.org/10.1177/10711007211016001
https://doi.org/10.1177/19386400211029130
https://doi.org/10.1155/2019/7630868
https://doi.org/10.1302/0301-620X.101B6.BJJ-2018-0932.R2
https://doi.org/10.1302/0301-620X.101B6.BJJ-2018-0932.R2
https://doi.org/10.1177/1071100719845928
https://doi.org/10.1177/1071100719845928
https://doi.org/10.1053/j.jfas.2018.09.003
https://doi.org/10.1177/1071100716673416

	Efficacy of supramalleolar osteotomy in the treatment of traumatic ankle joint varus deformity in adolescents
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patient characteristics

	Operative technique
	Postoperative treatment
	Radiographic evaluation
	Clinical evaluation
	Statistical analysis
	Results
	Radiologic Outcomes

	Clinical results
	Complications
	Discussion
	Conclusions
	Acknowledgements
	References


