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Background: Botulinum toxin-A (BoNT-A) injection is a widely used cosmetic procedure in Korea to improve calf contours;
however, a standardized protocol has yet to be established. While other BoNT-A formulations have been studied for calf
contouring, the efcacy and safety of Inco-BoNT-A (IncoBoNT-A) specifcally for this purpose remain unclear.
Objective: Tis prospective case series study aimed to evaluate the efectiveness and safety of IncoBoNT-A for calf contouring.
Methods: Twenty Korean women (mean age: 35.55± 7.37) received 75–100U of IncoBoNT-A per calf muscle (total 150–200U for
both calves), administered intramuscularly using a 30G 0.5-inch needle. Evaluations were conducted at baseline and at 1, 3, and
6months postprocedure. Changes in muscle size were measured via ultrasound and tape, supplemented by clinical photographs.
Observer evaluations (PGAIS, Merz scales for female Asian calf ) and participant satisfaction (SGAIS) were assessed at each visit,
along with body weight monitoring and daily activity assessments.
Results: Both calf circumference (measured by tape) and muscle thickness (measured by ultrasound) at 2 fxed locations declined
over time, with signifcant reductions at each visit compared to baseline. Te PGAIS and SGAIS scores demonstrated consistent
clinical improvement and patient satisfaction. Te Merz scale indicated a shift from “severe” and “very severe” to “mild” and
“moderate” ratings over time. Notably, weight gain was associated with less reduction in calf circumference.
Conclusions: A single dose of 150–200U IncoBoNT-A is safe and efective for calf contouring. Unlike facial wrinkle treatment,
weight management may be essential for achieving optimal results in calf contouring with BoNT-A.
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1. Introduction

Botulinum toxin-A (BoNT-A) has been extensively utilized
in the treatment of various neurological, medical, and
cosmetic conditions and is well recognized for its efcacy in
reducing facial wrinkles. More recently, its application has
expanded beyond facial aesthetics to include body con-
touring procedures, such as calf muscle slimming and re-
duction of trapezius muscle size, aimed at achieving a more
aesthetically pleasing body contour [1, 2].

Body contouring procedures typically necessitate higher
doses of BoNT-A compared to facial treatments, raising
concerns about the potential development of immunological
resistance. Immunological resistance occurs when the body
produces neutralizing antibodies (NABs) against BoNT-A,
which can gradually diminish or completely negate its
clinical efects [3]. Given the potential loss of therapeutic
benefts due to immunological resistance, it is imperative to
establish appropriate guidelines based on systematic clinical
studies and expert recommendations to reduce the risk of
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NAB formation [4]. In light of these concerns, selecting
a BoNT-A formulation with a lower immunogenic potential
is particularly crucial for aesthetic treatments involving
larger muscle groups, such as the calves. Recent research
indicates that frequent injections of a complexing protein-
containing BoNT-A preparation are associated with a sig-
nifcantly higher risk of NAB development compared to
injections of a complexing protein-free (CF) Inco-BoNT-A
(IncoBoNT-A) preparation administered with the same
frequency [5]. IncoBoNT-A is a highly purifed form of
BoNT-A consisting solely of the 150 kDa core neurotoxin,
without any complexing proteins or other bacterial acces-
sory components. Structurally, this 150 kDa protein com-
prises a 100 kDa heavy chain and a 50 kDa light chain linked
via a disulfde bridge. Te heavy chain enables specifc
neuronal targeting and translocation, while the light chain
exerts its biological activity by cleaving the synaptosomal-
associated protein of 25 kDa (SNAP-25), thereby inhibiting
acetylcholine release at neuromuscular junctions. Unlike
other BoNT formulations derived from the ∼900 kDa pro-
genitor complex, which includes hemagglutinin proteins
and nontoxic nonhemagglutinin components, IncoBoNT-A
excludes these complexing proteins, which are unnecessary
for therapeutic neuromodulation and may increase im-
munogenicity. Te absence of such proteins in IncoBoNT-A
reduces the risk of NAB formation and makes it particularly
suitable for aesthetic indications requiring high-dose or
repeated injections [6]. IncoBoNT-A has been widely
studied and approved for the treatment of glabellar lines,
crow’s feet, and forehead lines, with a well-established safety
and efcacy profle. Previous clinical trials have demon-
strated that it provides comparable aesthetic outcomes to
Ona-BoNT-A, with a similar duration of action and lower
antigenic potential [7–9].

Terefore, the present study was conducted to evaluate
the efcacy and safety of IncoBoNT-A injections for lower
leg contouring.

2. Materials and Methods

Te study adhered to the guidelines outlined in the Dec-
laration of Helsinki. Te Institutional Review Board ap-
proved the study protocols, informed consent forms, and
relevant supplementary data (IRB Approval no. 2311-012-
578).

2.1. Participants. We recruited 20 healthy adult female par-
ticipants seeking cosmetic improvement in calf muscle hy-
pertrophy. Exclusion criteria included the following: (1)
individuals with a history of calf muscle resection or selective
neurosectomy for leg slimming; (2) those who had received
BoNT-A treatment in the lower legs within the past
12months; (3) individuals with neuromuscular-afecting
diseases such as severe muscular dystrophy, Eaton–Lambert
syndrome, amyotrophic lateral sclerosis, ormotor neuropathy;
(4) those with dermatitis or infectious skin conditions on the
lower legs; (5) pregnant or lactating women; and (6) those
deemed unft for the study by the investigator. All participants

voluntarily agreed to participate, provided written informed
consent, and were informed of their right to withdraw from
the study at any time and for any reason.

2.2. Treatment Protocols. A total of 100U of IncoBoNT-A
(XEOMIN; Merz Pharmaceuticals GmbH, Frankfurt, Ger-
many) was diluted in 4mL of 0.9% normal saline to achieve
a concentration of 2.5U per 0.1mL. Each participant re-
ceived 75–100U per calf muscle, totaling 150–200U,
depending on calf muscle mass on clinical examination. Te
treatment was distributed as follows: 40% and 30% of the
total dose to the inner and lateral sides of the gastrocnemius
(GM), 15% to the peroneus longus, and 10% and 5% to the
inner and lateral sides of the soleus (SM), respectively
(Figure 1). A total of 75–100U was injected intramuscularly
using a 30G 0.5-inch needle at 2–3 cm intervals, 5 U
(0.2mL) per injection point.

2.3. Assessment. Participants were assessed on the day of the
procedure, as well as at 1, 3, and 6months postprocedure to
evaluate changes in calf muscle size. Tese changes were
quantifed using clinical photographs, ultrasound imaging,
and tape measurements. Calf circumference was measured
with a tape at two fxed surface landmarks: (1) the midpoint
of the calf from the popliteal crease to the intermalleolar line
and (2) 5 cm above the midpoint (Figure 2). Ultrasound
measurements were obtained at the same two anatomical
levels using transverse imaging. Muscle thickness was de-
fned as the longest vertical distance between the outer
(superfcial) and inner (deep) fascia of the medial GM
muscle, measured at the visually thickest portion of the
muscle along the horizontal plane. At each visit, clinical
photographs were rated by a blinded evaluator using the
Merz scales for the female Asian calf, at rest and dynamic (4:
very severe, 3: severe, 2: moderate, 1: mild, and 0: none)
(Figure 3). In addition, observer evaluation with the Phy-
sicians’ Global Aesthetic Improvement Scale (PGAIS) and
participant satisfaction with the Subjects’ Global Aesthetic
Improvement Scale (SGAIS) were conducted at each follow-
up visit in comparison to baseline. Te PGAIS and the
SGAIS were rated on a 5-point scale: very much improved
(4), much improved (3), improved (2), no change (1), and
worse (0). Body weight and exercise levels were also
monitored. Safety was assessed by documenting all adverse
events, including pain, bruising, bleeding, paresthesia, and
muscle weakness at each visit.

2.4. Statistical Analysis. Statistical analyses were performed
using R language Version 4.2.2 (R Foundation for Statistical
Computing, Vienna, Austria) and the TnF program Version
4.0 (YooJin BioSoft, Korea). Te Wilcoxon signed-rank test
was applied to compare changes in calf size at 1, 3, and
6months relative to baseline measurements. Bonferroni
correction was used for multiple testing. Spearman corre-
lation analysis was conducted to assess the relationship
between weight and calf size for each participant across
repeated measurements. Te infuence of baseline
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characteristics, including age, weight, and calf size, on the
changes in calf circumference following IncoBoNT-A in-
jection was analyzed using linear regression for the 1-, 3-,
and 6-month intervals. A p value of < 0.05 was considered
statistically signifcant for all analyses.

3. Results

All 20 enrolled Korean women, aged 30–40 years (mean age:
35.55± 7.37 years), successfully completed the entire study
protocol and attended all follow-up visits.

Te circumference (cm) measured with a tape 5 cm
above and at the midpoint of the calf demonstrated statis-
tically signifcant reductions postprocedure, as shown in
Figure 4. Similarly, muscle thickness at the calf midpoint
(inner and outer) and 5 cm above the midpoint at each
follow-up visit also exhibited statistically signifcant de-
creases postprocedure, as depicted in Figures 5 and 6.

Te PGAIS and the SGAIS ratings were collected at every
follow-up visit (Table 1). PGAIS scores indicated that
90%–100% of participants were rated 2 or higher (at least
“improved”) at 1, 3, and 6months postprocedure; while
100% of participants scored 2 or higher (at least “improved”)
on the SGAIS at all time points, indicating high physician
and patient satisfaction with the treatment.

According to blinded evaluation with the Merz scales for
female Asian calf, a more pronounced change was observed
in the dynamic state compared to the resting state (Table 1).
In the dynamic state, the number of participants rated as
“mild” increased from 1 at baseline to 6, 7, and 6 at 1, 3, and
6months, respectively. Conversely, the number of partici-
pants rated as “severe” or “very severe” decreased to 5, 4, and
2 at 1, 3, and 6months, respectively.

To assess whether weight changes during the study
period afected calf contouring, correlations between re-
peatedly measured variables were analyzed using the R
package. As highlighted in Table 2, a statistically signifcant
positive correlation was observed, indicating that calf cir-
cumference 5 cm above the midpoint measured by tape
increased signifcantly with body weight gain. However, no
statistically signifcant diference was found in calf cir-
cumference and muscle thickness compared to baseline,

Gastrocnemius: 70%
(medial head 60%, lateral head 40%)

Peroneus longus: 15%

Soleus: 15%
(medial 70%, lateral 30%)

(a) (b)

Figure 1: Injection sites and dosage distribution of IncoBoNT-A for calf contouring. (a) Schematic diagram showing the proportional
distribution of the total injection dose: gastrocnemius (70%; medial head 60%, and lateral head 40%), soleus (15%; medial 70%, and lateral
30%), and peroneus longus (15%). (b) Detailed anatomical representation of intramuscular injection sites (black dots) within the medial and
lateral heads of the gastrocnemius, soleus, and peroneus longus muscles. Te fgure illustrates the typical rows and columns of injection
points used to enhance reproducibility. Actual injection sites may vary depending on individual muscle volume and morphology.

5 cm

2

1

Figure 2: Evaluation of calf muscle size at 2 fxed levels. ①
Midpoint of calf from the popliteal crease to the intermalleolar line.
② 5 cm above the midpoint.
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Figure 4: Measurement of calf circumference at the midpoint (1/2 of the total length from the popliteal crease to the intermalleolar line) and
5 cm above the midpoint using a tape measure at each visit. Te middle box represents the interquartile range, and the inner solid line
indicates the median.Te inner dot denotes the mean measurement. Statistical signifcance is indicated as follows: ∗p< 0.05, ∗∗p< 0.01, and
∗∗∗p< 0.001, with Bonferroni adjustment for multiple comparisons.

0-No
Very slim and linear calf

1-Mild
Slim calf with mild

gastrocnemius visibility

2-Moderate
Moderately convex calf profile
with gastrocnemius visibility

3-Severe
Severe convex calf 

profile with marked
gastrocnemius visibility

3-Very severe
Very severe convex calf 

profile with strong
gastrocnemius visibility

(a)

0-No
Very slim and linear calf with

minimal gastrocnemius visibility
at contraction on tiptoes

1-Mild
Slim calf with mild

gastrocnemius visibility
at contraction on tiptoes

2-Moderate
Moderately convex calf profile
with gastrocnemius visibility

at contraction on tiptoes

3-Severe
Severe convex calf profile 

with marked gastrocnemius 
visibility at contraction on tiptoes

4-Very severe
Very severe convex calf profile 

with strong gastrocnemius 
visibility at contraction on tiptoes

(b)

Figure 3: MERZ scales for female Asian calf. (a) Calf-at rest. (b) Calf-dynamic.
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regardless of whether participants engaged in exercise fol-
lowing BoNT-A injections.

Representative photographs of a participant are pro-
vided in Figure 7. All participants reported experiencing
mild to moderate pain during the procedure, but no ad-
ditional adverse events, such as bruising and muscle
weakness, were observed. None of the participants reported
any difculty in walking, running, or performing daily ac-
tivities during the study period.

4. Discussion

In the present study, participants received 75–100 units of
IncoBoNT-A per calf muscle, with a total dose of 150–200
units. Te injections were administered intramuscularly
using a 30-gauge, 0.5-inch needle. Dosage and injection sites
were meticulously calibrated: 40% and 30% of the total dose
were delivered to the inner and lateral portions of the GM

muscle, 15% to the peroneus longus, and 10% and 5% to the
inner and lateral portions of the SM muscle, respectively. A
signifcant proportion of the dose was targeted at both the
inner and lateral heads of the GM muscle to address the
primary contributors to calf bulk, improving the contour
and appearance of the legs. Te inclusion of the peroneus
longus and selective dosing of the SMmuscle further refned
the lower leg’s silhouette, achieving a balanced and har-
monious aesthetic outcome (Figure 1). Tis precise and
customized approach likely optimized the aesthetic results
while minimizing potential side efects, contributing to the
high level of patient satisfaction reported.

Various formulations of BoNT-A have been employed in
calf contouring, including Ona-BoNT-A (Botox), Pra-
BoNT-A (Jeuveau), and Lan-BoNT-A (Hengli). Each brand
difers in unit potency, difusion characteristics, and im-
munogenicity profle, which necessitates tailored injection
planning. Han et al. [10] conducted a randomized, double-

Table 1: Distribution of GAIS scores (physicians’ and subjects’) and Merz scales for female Asian calf (resting and dynamic) over time.

0 (baseline) 1 month 3 month 6 month

PGAIS n� 20

0: n� 0 0: n� 0 0: n� 0
1: n� 2 1: n� 0 1: n� 0
2: n� 10 2: n� 7 2: n� 8
3: n� 8 3: n� 12 3: n� 10
4: n� 0 4: n� 1 4: n� 2

SGAIS n� 20

0: n� 0 0: n� 0 0: n� 0
1: n� 0 1: n� 0 1: n� 0
2: n� 11 2: n� 4 2: n� 8
3: n� 9 3: n� 15 3: n� 11
4: n� 0 4: n� 1 4: n� 1

Merz (rest)

0: n� 0 0: n� 0 0: n� 0 0: n� 0
1: n� 1 1: n� 2 1: n� 5 1: n� 4
2: n� 10 2: n� 11 2: n� 8 2: n� 9
3: n� 8 3: n� 6 3: n� 6 3: n� 6
4: n� 1 4: n� 1 4: n� 1 4: n� 1

Merz (dynamic)

0: n� 0 0: n� 0 0: n� 0 0: n� 0
1: n� 1 1: n� 6 1: n� 7 1: n� 6
2: n� 7 2: n� 9 2: n� 9 2: n� 12
3: n� 10 3: n� 5 3: n� 4 3: n� 1
4: n� 2 4: n� 0 4: n� 0 4: n� 1

Note: n, number.
Abbreviations: PGAIS, Physicians’ Global Aesthetic Improvement Scale; SGAIS, Subjects’ Global Aesthetic Improvement Scale.

Table 2: Correlation between repeatedly measured weight and calf circumferences among subjects.

Comparison Corr.coef Lower 95% CI Upper 95% CI p value

Weight (kg)

Lt. cir. at the midpoint (cm) 0.205 −0.054 0.438 0.113
Rt. cir. at the midpoint (cm) −0.012 −0.267 0.245 0.929

Lt. cir. at 5 cm above the midpoint (cm) 0.357 0.111 0.562 0.005
Rt. cir. at 5 cm above the midpoint (cm) 0.338 0.089 0.546 0.008

Inner lt. thk at the midpoint (mm) −0.095 −0.342 0.165 0.468
Inner rt. thk at the midpoint (mm) −0.135 −0.380 0.128 0.304
Outer lt. thk at the midpoint (mm) −0.0040 −0.293 0.218 0.758
Outer rt. thk at the midpoint (mm) −0.091 −0.341 0.172 0.491

Inner lt. at 5 cm above the midpoint (mm) −0.026 −0.281 0.231 0.840
Inner rt. at 5 cm above the midpoint (mm) −0.083 −0.332 0.177 0.524

Note: Corr. coef, correlation coefcient computed using repeatedly measured weight and circumferential variables. 95% CI, 95% confdence intervals for the
correlation coefcient; lt, left; rt, right; cir, circumference; thk, thickness.
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blinded controlled trial evaluating Ona-BoNT-A for calf
contouring, injecting either 60 or 100 units into the GM
muscle across 20 injection points per leg. Both dose groups
showed a signifcant reduction in calf circumference at
8weeks (mean decrease: ∼0.5 cm), with no signifcant dif-
ference between doses. Li et al. [11] performed a prospective,
self-controlled, double-blind study using Lan-BoNT-A to
compare two injection protocols: GM-only versus GM plus
SM (GM+SM) treatment. Both groups received a total of
150 units per leg, with the GM+SM group using ultrasound-
guided dual-depth injections. While both methods signif-
cantly improved calf contour and reduced circumference,

long-term compensatory thickening of the SM and sub-
cutaneous tissue was observed in the GM group. Te
GM+SM protocol mitigated this rebound efect but showed
no signifcant diference in overall patient satisfaction
compared to GM alone. Wanitphakdeedecha et al. [12]
conducted a randomized, double-blind, split-leg trial
comparing Ona-BoNT-A (ONA) and Pra-BoNT-A (PRA)
for GM reduction in 22 patients. Each leg received 100 units
of either ONA or PRA. Both groups showed signifcant
reductions in calf circumference beginning at 2 weeks and
sustained through 6months, with no signifcant diferences
between products in circumference, ultrasound
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Figure 5: Ultrasound-based measurement of calf muscle thickness at the midpoint (1/2 of the total length, both inner and outer) and 5 cm
above the midpoint (inner) at the visit. Statistical signifcance is denoted as ∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001.
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measurements, or patient satisfaction. Interestingly, PRA
demonstrated slightly earlier and more consistent re-
ductions in calf thickness, particularly in the lateral GM,
though the clinical signifcance was limited. No signifcant
adverse efects or functional impairments were reported.

Te formation of NABs remains a growing concern in
the use of BoNT-A, as it can result in secondary treatment
failure and limit future therapeutic options. Variations in the
immunogenicity of BoNT-A formulations have been at-
tributed to the presence of nonessential bacterial compo-
nents [6]. As it is difcult to predict the course of NAB
resolution, the most efective strategy is to prevent NAB
induction by using the lowest efective dose, optimizing
injection frequency, minimizing booster injections, and
choosing a BoNT-A preparation with a lower protein load
and free of complexing proteins. Notably, the rate of
antibody-mediated secondary nonresponse (SNR) is re-
ported to be lowest with CF IncoBoNT-A [6]. Moreover,
a switch to IncoBoNT-A has been shown to improve out-
comes in patients experiencing secondary treatment failure
[13]. In the context of calf contouring, where relatively large
doses of toxin are used, employing a CF BoNT-A prepa-
ration allows both patients and clinicians to anticipate fa-
vorable treatment results without concerns about NAB
development. When treating patients with particularly large
calf muscles, achieving efective muscle reduction may re-
quire a higher initial dose of BoNT-A or planning two
injection sessions spaced 2-3months apart from the outset.

Terefore, greater consideration should be given to the
potential formation of NABs.

Table 2 presents the correlation between repeated
measurements of body weight and calf circumference among
participants. Te variables exhibit a statistically signifcant
positive correlation (green mark in the table), indicating that
over time, increases in body weight are signifcantly asso-
ciated with increases in calf circumference. Previous studies
assessing muscle groups, such as the calf or deltoid, have
reported relatively lower satisfaction levels compared to
masseter muscle treatments [1, 14, 15].Tis disparity may be
explained by the masking efect of thick subcutaneous fat
tissue, which can obscure reductions in muscle size.
Terefore, educating patients on avoiding weight gain
during calf contouring with BoNT-A may be crucial to
achieving optimal results.

Morhy et al. [16] conducted a study evaluating the
impact of physical activity (PA) on the durability of BoNT-
A’s aesthetic efects. Teir fndings demonstrated that lower
levels of PA were associated with longer-lasting aesthetic
benefts, evidenced by signifcant reductions in muscle ac-
tivity and improved severity scores for forehead and gla-
bellar lines in the Low-PA group compared to those with
higher PA levels. Tese fndings suggest that PA may neg-
atively infuence the longevity of BoNT-A’s efects. However,
this is inconsistent with the results observed in our study.
Two potential explanations for this discrepancy are pro-
posed: frst, the calf muscles are larger than the facial

(a) (b) (c) (d)

(e) (f) (g) (h)

Figure 6: Clinical photographs of the posterior calf and corresponding ultrasound images of Subject 5, taken at 5 cm above the midpoint of
themedial calf: prior to injection of 150 U of IncoBoNT-A (a), and at 1 (b), 3 (c), and 6 (d) months after treatment. (e)–(h) Ultrasound-based
muscle thickness was measured at the site where the gastrocnemius muscle appeared thickest on the transverse view.Te measurement was
defned as the longest vertical distance between the outer and inner fascia of the muscle.
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muscles, so the efects of BoNT-A treatment may not be as
impacted by routine physical activity, and second, the larger
quantity of BoNT-A injected into the calf muscles compared
to the face may have mitigated the efect of exercise on the
treatment outcome.

In addition, for more efective and efcient calf muscle
reduction with BoNT-A injections, it is recommended to use
ultrasound imaging to assess the injection site beforehand.
Tis approach allows injectors to determine the appropriate
dose of BoNT-A based on the target muscle size, accurately
identifying the injection area and depth, and predicting the
potential efects of the procedure in advance.

Tis study has several limitations, including the absence
of a double-blind comparative method, a small sample size,
the inclusion of only female participants, and the evaluation
of a single treatment, which limits the ability to make long-
term comparisons. Future studies should include carefully
controlled, prospective trials with larger sample sizes to
validate these outcomes. Despite these limitations, the study
demonstrated a statistically signifcant beneft of
IncoBoNT-A injections for calf contouring. Te precision in

dosing and the targeting of specifc muscle groups based on
their contribution to overall leg shape highlight the im-
portance of a customized treatment approach in achieving
favorable cosmetic outcomes. Te positive results of this
study can be attributed to the careful consideration of in-
dividual anatomy and the strategic distribution of BoNT-A
across the calf muscles. Furthermore, the low antigenicity of
IncoBoNT-A has been well-documented, alleviating con-
cerns about reduced treatment efcacy due to the formation
of NABs during calf contouring procedures.

Data Availability Statement

Te datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Disclosure

All authors have read and agreed to the published version of
the manuscript.

0 1 month 3 months 6 months

(a)

0 1 month 3 months 6 months

(b)

Figure 7: Clinical photographs of a representative case demonstrating improvements in calf contour. (a) Static states before and after
treatment. (b) Dynamic states before and after treatment.
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