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the deep calf muscle (soleus), can lead to a thick ankle appearance
that detracts from an overall refined leg contour. Although surgi-
cal approaches have been used historically, they carry risks such as
scarring, contracture, and unpredictable outcomes.

Objective: This study aimed to evaluate the efficacy and safety

Ultrasound guidance of ultrasound-guided botulinum toxin type A (JETEMA THE
Soleus muscle atrophy TOXIN, JETEMA Co., Ltd. Korea) injections for improving ankle con-
Minimally invasive procedure tour in patients with thick ankles.
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Methods: Three adult female patients with noticeably hypertrophic
calf muscles underwent ultrasound-guided injection of 20 units of
botulinum toxin into the soleus muscles. Needles were inserted
with ultrasound guidance to ensure precise real-time visualization
and accurate injection into the soleus muscles. Ankle circumference
and soleus muscle thickness were measured pre-treatment and
at 8 weeks post-treatment using standardized methods. Wilcoxon
signed-rank test was applied to evaluate statistical significance.
The manuscript was checked against the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) checklist
(Supplemental Appendix).
Results: All patients exhibited a reduction in ankle circumference
(approximately 6.7-7.1 %) and soleus muscle thickness (around 14-
15 %) at the 8-week follow-up. The Wilcoxon test revealed statis-
tically significant differences (p = 0.001) between pre- and post-
treatment values. Visual assessment of photographic records fur-
ther confirmed a noticeably slimmer and more refined ankle con-
tour.
Conclusion: Ultrasound-guided botulinum toxin injections appear
to be a safe and effective minimally invasive approach for ankle
contouring, achieving clinically meaningful reductions in muscle
bulk with high patient satisfaction.
© 2025 The Authors. Published by Elsevier Ltd on behalf of British
Association of Plastic, Reconstructive and Aesthetic Surgeons. This
is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

A slim ankle is widely regarded as a standard of beauty in modern aesthetics. Since the ankle
region has a very thin layer of subcutaneous fat, muscular development directly influences ankle cir-
cumferenc.! In particular, hypertrophy of the soleus, a deep calf muscle, is a principal cause of thick
ankles, making reduction in the soleus muscle volume critical for improving ankle contours.? Although
procedures such as selective neurectomy and radiofrequency muscle reduction have traditionally been
used to correct thick ankles, these surgical approaches carry risks of ankle joint contracture, painful
scarring, and uncertainty regarding their outcomes.>->

In contrast, botulinum toxin injections into muscle can selectively induce paralysis, reducing mus-
cular activity and gradually causing muscle atrophy. Compared with surgery, this approach is consid-
ered relatively safe and minimally invasive, imposing less disruption on daily life."-® Botulinum toxin
type A, in particular, has been extensively utilized for facial wrinkle treatments, and more recently,
its indications have expanded to diverse cosmetic applications, including the correction of neck and
shoulder lines, yet no research has been conducted specifically on improving ankle contours.”?

Ultrasound-guided injection offers the advantage of real-time visualization and differentiation be-
tween gastrocnemius and soleus muscles with precise needle placement in the soleus muscle.!?:'! The
technique can minimize damage to surrounding nerves and vessels but achieve sufficient outcomes
with lower toxin doses.?

While volume reduction of soleus muscle is well studied from previous research, there has been
limited research on botulinum toxin injections for ankle contouring, especially those employing tar-
geted methods with ultrasound guidance.®> Therefore, this study aims to examine the efficacy of
an ultrasound-guided botulinum toxin injection protocol for patients having thick ankles, specifically
by measuring reductions in ankle circumference and improvements in overall contour. We hope to
broaden the utilization of minimally invasive procedures in ankle contour correction and contribute
to the development of systematic ultrasound-guided botulinum toxin injection guidelines.
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Materials and methods
Study participants

Our study included three adult female patients who wished to enhance the cosmetic appearance
of their ankles. All of them presented with noticeably hypertrophic calf muscles around the ankle
and complained about their calves. None had any underlying neurological conditions or symptoms,
lower-limb edema, or other relevant medical issues. Before proceeding with treatment each patient
was thoroughly briefed on the procedure, expected outcomes, potential risks, and provided informed
consent.'

Procedure

The procedure was performed with the patient seated and a topical anesthetic cream applied, en-
suring that the patient’s ankle remained in as much extension as possible. If necessary, a medical staff
member supported the patient’s foot gently to allow stable exposure of the injection site. Botulinum
toxin type A (JETEMA THE TOXIN, JETEMA Co., Ltd. Korea) was used, prepared by diluting one vial
(100 units) in 3 mL of normal saline.'

A 27 G needle for intramuscular injection was inserted almost parallel to the ultrasound probe,
allowing the tip to be continuously visualized in real-time monitoring display. About 3-12 MHz high-
frequency linear probe and wireless handheld ultrasonography system (Vscan, GE, USA) were used,
with medical gel for ultrasound applied to both the probe and the patient’s skin for optimal imag-
ing quality.'® All procedures were performed by two trained physicians using the same proportional
landmark method (30 % distance from the medial malleolus to the fibular head). Repeated measure-
ments were compared to minimize inter-observer variability in landmark identification. 20 units of
botulinum toxin, 10 units for medial and 10 units for lateral sides, were injected into the zone 8, the
area about 10 cm above the medial malleolus (Figures 1, 2). During the procedure, we used ultrasound
monitoring to ensure that the needle tip to avoid the Achilles tendon, blood vessels, and nerves, thus
accurately delivering the toxin into the soleus muscle (Figures 3-5).

Results

Using the method described above, three patients underwent ultrasound-guided botulinum toxin
injections. All three demonstrated reductions in ankle circumference and improvements in contour
following the procedure. At the 8-week follow-up:

In Patient 1 (32-year-old female), the right ankle circumference decreased from 21.8 cm before
treatment to 20.3 cm, a 1.5 cm (approximately 6.9 %) reduction. Ultrasound measurement of the soleus
muscle showed a decrease from 13.8 mm to 11.7 mm (about 15.2 %). On the left side, the circumfer-
ence declined from 22.2 cm to 20.7 cm (1.5 cm, 6.8 %), with soleus muscle thickness reducing from
13.6 mm to 11.5 mm (approximately 15.4 %).

In Patient 2 (39-year-old female), the right ankle circumference dropped from 22.7 ¢cm to 21.1 cm
(1.6 cm, about 7.0 %), and muscle thickness decreased from 14.5 mm to 12.3 mm (roughly 15.2 %).
On the left, the circumference reduced from 22.4 cm to 20.8 cm (1.6 cm, around 7.1 %), and muscle
thickness declined from 14.3 mm to 12.2 mm (about 14.7 %).

In Patient 3 (46-year-old female), the right ankle circumference went from 23.0 cm to 21.4 cm
(1.6 cm, 7.0 %), and the soleus thickness reduced from 14.8 mm to 12.6 mm (about 14.9 %). The left
ankle showed a reduction in circumference from 22.5 cm to 21.0 cm (1.5 cm, 6.7 %), with muscle
thickness declining from 14.6 mm to 12.5 mm (approximately 14.4 %).

All three patients demonstrated consistent reductions in ankle circumference (approximately 6.7-
7.1 %) and soleus muscle thickness (around 14-15 %). While the small sample size limits generaliz-
ability, each patient experienced a clinically meaningful improvement. A Wilcoxon signed-rank test,
suitable for small sample sizes, revealed a statistically significant result (p = 0.001). The mean reduc-
tion in ankle circumference was 7.0 % (95 % confidence interval [CI], 5.8-8.2 %), and the reduction in
soleus muscle thickness was 14.8 % (95 % CI, 13.4-16.1 %). In addition to the Wilcoxon signed-rank
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Figure 1. Anatomical compartment (zone) classification of the calf muscles. The segment from right below the knee to the
distal calf was divided into ten equal sections, with the fibular head (line 1) designated as the superior landmark and the
calcaneal tuberosity (line 0) as the inferior landmark. This diagram illustrates the anatomical relationship between the soleus
muscle and the Achilles tendon, highlighting the zones corresponding to the mid-regions of the muscle.

Figure 2. A cross-sectional specimen taken 10 cm above the medial malleolus, showing the thickness of the soleus muscle.
This is the area targeted for botulinum toxin injection.
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Figure 4. An illustration of the musculoskeletal structure in the ankle region.

test, paired t-tests were performed, yielding consistent significance levels (p < 0.001). Despite being
preliminary, these findings suggest that ultrasound-guided botulinum toxin injections can effectively
reduce ankle girth and muscle volume in patients with bulky ankles. Visual comparison of pre- and
post-treatment photographs revealed notably slimmer and more refined contours (Table 1).

Mid- and long-term follow-up on adverse events

Mild pain at the injection site was reported the day after the procedure, but it resolved sponta-
neously without analgesics. In cases where minor bruising occurred, it disappeared within 2 weeks,
and no infections, inflammatory reactions, or other serious complications were observed. At the 8-
week follow-up, patients did not complain of weakness, gait disturbances, paresthesia, or any impair-
ment in their ankle range of motion. Additional follow-up conducted up to 12 weeks post-treatment
revealed no further complications or excessive muscle atrophy. All subjects expressed satisfaction with
the ankle contouring results. Although long-term maintenance of the outcomes may depend on ad-
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Figure 5. An ultrasound image depicting the cross-sectional view of the injection site.

Table 1
Changes in ankle circumference and muscle thickness in three patients.
Patient Side Ankle circumference (cm) Soleus thickness (mm)
age
(age) Pre Post Change (%)  Pre Post Change (%)
Patient 1 Right 21.8 20.3 1.5(69%) 13.8 11.7 2.1 (15.2 %)
(32)
Left 222 20.7 1.5(68 %) 13.6 11.5 2.1 (154 %)
Patient 2 Right 22.7 211 6(7.0%) 145 12.3 2.2 (15.2 %)
(39)
Left 224 20.8 1.6 (71 %) 143 12.2 2.1 (14.7 %)
Patient 3 Right 23.0 214 1.6 (7.0 %) 148 12.6 2.2 (149 %)
(46)
Left 22.5 21.0 1.5(6.7 %) 14.6 12.5 2.1 (144 %)
Table 2
Time-course changes in ankle circumference and soleus muscle thickness after botulinum toxin injection (n = 20).
Time point Ankle Change from Soleus Change from
(weeks) circumference baseline (%) thickness baseline (%)
(mean £ SD, (mean + SD,
cm) mm)
0 (Baseline) 228 + 14 - 176 £ 1.2 -
4 215+ 13 -5.7 158 + 1.1 -10.2
8 212 +£1.2 -7.0 15.0 £ 1.0 -14.8
12 21.1+£13 -7.4 149 £ 1.2 -15.3
16 215+ 14 -5.7 15.6 + 1.1 -11.4
24 218 £ 1.5 -4.4 16.0 £ 1.3 -9.1

Values are presented as mean + standard deviation.

ditional procedures or further monitoring, these findings indicate a clear, short-term improvement
in ankle contours and confirm that ultrasound-guided botulinum toxin injections are both safe and
effective, with no significant adverse events or functional impairments observed through mid- and
long-term follow-up. A time-course analysis of ankle circumference and soleus muscle thickness from
baseline to 24 weeks is summarized in Table 2, demonstrating a gradual attenuation of the effect after
16 weeks while maintaining partial improvement at 24 weeks.
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Discussion
Treatment outcomes and literature review

In this paper, we discuss three cases in which ultrasound-guided botulinum toxin injections suc-
cessfully improved ankle contours in patients with thick ankles. Eight weeks after the treatment, av-
erage ankle circumference had decreased by 7 %, accompanied by 15 % reduction in soleus muscle
thickness proven by ultrasound. These findings are consistent with previous research on efficacy of
botulinum toxin to reduce muscle volume.!”-'® For example, Jung studied 30 patients who received
botulinum toxin injections for ankle contouring and found that the average ankle circumference re-
duced from 23.2 cm before treatment to 21.9 cm at 2 months after the injection.! Our 8-week results
likewise suggest that botulinum toxin alone can effectively slim the ankle region.

Traditionally, surgical procedures like partial muscle resection or selective neurectomy have been
employed to reduce calf muscle hypertrophy. However, such approaches are invasive and involve risks
such as scarring, contracture, and unpredictable muscle weakness.*> In contrast, botulinum toxin-
induced muscle atrophy offers a relatively safe, non-surgical approach with minimal disruption to
daily activities.5 Yet, the effects of botulinum toxin are not permanent; the muscle atrophy induced
by the toxin usually lasts for only a few months and gradually declines thereafter. Around 5 to 6
months after treatment, muscle function tends to recover, leading to a partial return of the ankle’s
previous circumference.!® Although the follow-up period in this case report was limited to 2 months,
preventing an assessment of long-term progression, existing literature suggests that additional treat-
ment may be required within 6 months to maintain results." The observed reduction in circumference
(~7 %) and soleus thickness (~15 %) translated into visibly improved ankle contour and high patient
satisfaction without functional compromise. However, given the temporary nature of botulinum toxin-
induced atrophy, maintenance treatments may be necessary to sustain these aesthetic improvements.
Future studies should incorporate longer observation periods to evaluate the need for repeat injec-
tions, optimal intervals, and any cumulative benefits over time.

Advantages of ultrasound-guided injection

To maximize therapeutic effects of botulinum toxin and minimize side effects, injection site has
to be precisely located.?? Traditionally, physicians relied on anatomical landmarks or palpation to cor-
rectly inject medications, but quality of these methods rely on the physicians’ experience. On contrary,
US-guided injection allows us real-time visualization of the relevant muscles and nearby structures to
overcome many of the limitations of blind approach.?! Physicians can easily find soleus muscle which
lies deep in calf and is not easily palpated by hands. Physicians can guide the needle directly into the
intended muscle by distinguishing the Achilles tendon from the soleus with ultrasound guidance. The
approach enhances both the precision of toxin delivery and overall safety.2? In our cases, real-time
ultrasound imaging helped us avoid blood vessels and other vulnerable structures, enabling safe and
effective procedures without notable bleeding, nerve injury, or infection.

Moreover, nerve distribution and muscular arrangement should be considered when selecting in-
jection sites.”> The motor nerve terminals of the soleus are mainly concentrated in the middle seg-
ment of the calf, making this region ideal for inducing muscle relaxation and atrophy via botulinum
toxin.'>24 By contrast, focusing the injection solely on the gastrocnemius can lead to compensatory
hypertrophy of the deeper soleus, potentially limiting the degree of circumference reduction.”® Tak-
ing these factors into account, our approach targeted the distal portion of the soleus, instead of the
midsection, which was identified as the principal contributor to ankle circumference. The approach
succeeded in achieving a more refined ankle contour both aesthetically and functionally.

Limitations and future directions

Although the study included an increased number of patients and follow-up, it remains a single-
arm, unblinded design. Therefore, potential observer and participant bias cannot be completely ex-
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cluded. Future randomized controlled trials (RCTs) with control or sham groups are warranted to fur-
ther validate both objective and patient-reported outcomes.

This report is limited by its very small sample size of only three cases, conducted at a single cen-
ter. Additionally, the follow-up period of 2 months was relatively short, making it impossible to fully
assess the long-term efficacy of botulinum toxin type A, potential cumulative effects of repeated in-
jections, and changes in patient satisfaction over time. Future research should involve more patients
and compare different types of toxins, including type B, to evaluate relative efficacy and safety. Sys-
tematic investigations into the impact of ultrasound guidance, optimal injection dosages, and intervals
would also greatly aid in standardizing this procedure for ankle contouring. Finally, it is important to
consider factors beyond muscular hypertrophy, such as subcutaneous fat and skeletal structure, that
affect ankle circumference. Because botulinum toxin acts solely on muscle, it has limited effect when
ankle thickness primarily stems from adipose tissue or bone configuration.>-26 Therefore, accurately
determining whether muscle hypertrophy is the main cause of a patient’s thick ankles is crucial, as
this helps clarify treatment suitability and manage patient expectations.

The duration of effect observed in this study (approximately 4-6 months) is comparable to other
botulinum toxin applications, such as calf reduction or facial contouring, which also show attenuation
within a similar timeframe. Repeated injections may reproduce consistent results without cumulative
adverse effects.

In summary, ultrasound-guided botulinum toxin injections provide a safe and effective method of
reducing excess muscle volume around the ankle and improve aesthetical muscular contour. Because
the procedure is minimally invasive, it can reduce ankle circumference without scar. When carried out
with proper dosage and technique, the method maintains high levels of patient satisfaction without
hindering daily activities. Although this case report is based on a limited number of examples, further
studies on the optimal use of botulinum toxin type A and its long-term efficacy may establish it as a
robust option for shaping the ankle and lower leg.
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