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INTRODUCTION
Aesthetics hold great importance for many individu-

als, and an appealing lower leg contour is regarded as 
a significant aspect of being physically attractive. In the 
past, invasive and surgical operations including liposuc-
tion and radiofrequency therapy were performed to cor-
rect the contours of the calf muscles. Surgical excision of 

the gastrocnemius muscle, which is a major muscle deter-
mining the shape and size of the calf, was successfully per-
formed, and the calf contour was corrected.1,2 However, 
it showed unstable walking and running as a result of the 
follow-up period.3 Liposuction was not recommended as a 
suitable method because it was the gastrocnemius rather 
than subcutaneous fat by which the shape and size of the 
lower leg were determined. Radiofrequency therapy was 
deemed an unsuitable method due to resulting fibrosis 
and the inability to contract muscles that followed.4

Botulinum toxin A (BTX-A) is a neurotoxic protein pro-
duced by Clostridium botulinum, a Gram-positive anaerobic 
bacterium. It inhibits the secretion of the neurotransmit-
ter acetylcholine at the nerve-muscle junction, resulting in 
muscle paralysis. The BTX-A injection method has many 
advantages, such as short procedure time, low pain, and a 
quick return to daily life after the procedure. Therefore, 
it has been widely used for aesthetic procedures. To et al5 
reported the effect of BTX-A injection on hypertrophic 
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masseteric muscle in a prospective study. Some studies 
reported on the effects and advantages of BTX-A injec-
tion for the correction of gastrocnemius muscle hyper-
trophy as a noninvasive treatment.6–14 However, there was 
no prospective, randomized control study to prove the 
effectiveness of BTX-A injection for correction of lower 
leg contour.

Given the need for high-level evidence on the effec-
tiveness of BTX-A injection for correction of lower leg 
contour, we conducted a prospective, double-blinded, ran-
domized controlled trial to evaluate the safety and efficacy 
of BTX-A injection for improvement of gastrocnemius 
muscle hypertrophy.

MATERIALS AND METHODS
This was a prospective, randomized controlled clini-

cal trial that included adult patients between 20 and 
60 years of age who wanted to correct the contour of 
calf hypertrophy. There was no other compensation 
for participation. Exclusion criteria included the fol-
lowing: (1) a history of medical conditions affecting 
neuromuscular function; (2) history of BTX-A injec-
tion within 6 months; (3) any history of disease or treat-
ment involving the gastrocnemius within 6 months; 
and (4) history of allergy to investigational drugs. 
Patients were prospectively randomized to a low-dose 
group (60 units) or high-dose (100 units) group. They 
were treated with BTX-A (Botulax, Hugel, Co., South 
Korea), which has been approved by the Korean Food 
and Drug Administration and is commercially available.  
This study was approved by the institutional review 
board at Asan Medical Center (institutional review 
board number S2021-1715) and registered in the 
Clinical Research Information Service (registry number 
KCT0008039). Signed informed consent was obtained 
from all patients.

BOTULINUM TOXIN A INJECTION
To prepare the BTX-A solution, two vials, each con-

taining 100 units, were dissolved in 10 mL of normal 
saline. A half-inch long 24 gauge needle was used for the 
injection. The BTX-A investigation group was divided 
depending on BTX-A dose arm I (low-dose injection; 
60 units) and arm II (high-dose injection; 100 units). 
Before injection, the test drug was diluted and a syringe 
was filled by a designated dilution manager. They pre-
pared three units of 0.3 mL per point for the low-dose 
group, and five units of 0.5 mL per point for the high-
dose group. The dilution manager did not inform the 
researcher in charge of injection and evaluation. The 
patients raised the heel to check the thickest part of the 
calf. The researcher injected 20 points at the thickest 
part (Figs. 1 and 2).

EVALUATION OF EFFICACY ANALYSIS
Before and 8 weeks after the injection, the researcher 

measured the circumference of the calf at the thickest part 
as the heel was raised. The difference in circumference 

and difference ratio was compared with the initial 
length in both groups. Complications such as walking 
and running discomfort were analyzed. Additionally, the 
researcher evaluated the participants’ satisfaction score. 
To calculate the satisfaction score, values were divided 
into five categories: 1 = “dissatisfied,” 2 = “somewhat dis-
satisfied,” 3 = “indifferent,” 4 = “somewhat satisfied,” and 
5 = “satisfied.”

Takeaways
Question: Can we expect cosmetic improvement in gas-
trocnemius hypertrophy using botulinum toxin?

Findings: We demonstrated a significant circumference 
reduction. BTX-A injection showed a significant decrease 
in calf circumference after 8 weeks (preinjection: 
36.35 ± 0.63 cm versus postinjection: 35.87 ± 0.61 cm;  
P = 0.03).

Meaning: BTX-A injections can be a good noninvasive 
method for the correction of hypertrophic gastrocnemius 
muscles.

Fig. 1. the BtX-a was injected on the thickest part while raising the 
heel.
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STATISTICAL ANALYSIS
Categorical variables were presented using absolute 

frequencies and percentages, and they were compared 
using the chi-square test or Fisher exact test. Continuous 
variables were presented as means with SDs, and they 
were compared using a Wilcoxon signed rank test or the 
Mann–Whitney U test, with a normality test. Statistical sig-
nificance was defined as a P value of less than 0.05. All data 
analyses were performed using IBM SPSS Statistics version 
21 (IBM, Armonk, N.Y.).

RESULTS
A total of 20 patients and 40 legs were enrolled in 

this study. The mean age of the patients was 35.3 ± 9.72 
years (range: 21–51 y). Patients were divided into the two 
groups: the low-dose group (60 units; n = 10, 50%) and 
the high-dose group (100 units; n = 10, 50%). The mean 
age was 38.6 ± 10.63 years (range: 23–51 y) in the low-dose 

group, and 31.7 ± 8.51 years (range: 21–44 y) in the high-
dose group without significant difference (P = 0.25). No 
complications were observed with the BTX-A injection in 
any of the patients.

BTX-A injection showed a significant decrease in calf 
circumference after 8 weeks (preinjection: 36.35 ± 0.63 cm 
versus postinjection: 35.87 ± 0.61 cm; P = 0.03). However, 
no significant difference was observed in the change of 
circumference of the calf between the low- and the high-
dose groups (−0.52 ± 0.74 cm versus −0.44 ± 1.04 cm,  
P = 0.78). Furthermore, no significant difference was 
observed in the ratio of circumference difference between 
both groups (−1.46 ± 2.17% versus −1.10 ± 2.88%, P = 0.64). 
However, the high-dose group (4.5 ± 0.97, range: 3–5) 
showed a higher satisfaction score than the low-dose group 
(3.9 ± 0.68, range: 2–5) without a significant difference  
(P = 0.17; Tables 1 and 2; Figs. 3 and 4).

DISCUSSION
The gastrocnemius, commonly known as the calf 

muscle, is located in the back of the lower leg. It is 
responsible for flexing the foot and bending the knee. 
An enlarged lower leg is mainly determined by the size 
and shape of this gastrocnemius muscle. Von Szalay et al15 
reported that maximal female calf circumference ranged 
between 33 and 36 cm. Tsai et al16 performed a scientific 
study describing criteria for the ideal female leg. They 
reported the average maximal circumference was 32 cm 
(range: 29–35 cm).16 In the past, there were some studies 
about surgical treatment for reducing calf hypertrophy. 
However, it showed invasive procedures and complica-
tions.1,2,17 BTX-A is a neurotoxin that is best known for 
its cosmetic use in reducing wrinkles and fine lines. 
However, it has several medical uses as well, including the 
treatment of spasms and tightness in the gastrocnemius 
muscle. Gastrocnemius is often a target for BTX-A injec-
tions. They are mainly used to treat diseases related to 
walking, muscle spasticity, and sports injury. When the 
muscle is overactive, it can cause spasms and tightness, 
leading to discomfort, pain, and difficulty with walking. 
Filippetti et al18 reported that BTX-A injections of the gas-
trocnemius were effective in improving foot walking pat-
terns in children with walking problems. Santamato et al19 
reported that BTX-A injection was effective in relieving 
chronic to poststroke spasticity of gastrocnemius muscle 

Fig. 2. the circumference of the calf at the thickest part were mea-
sured before and 8 weeks after injection.

Table 1. Clinical Outcome of BTX-A Injection
Variable Age (y) Preinjection (cm) Postinjection (cm) P 

BTX-A injection (n = 40) 35.3 ± 9.72 (21–51) 36.35 ± 0.63 35.87 ± 0.61 0.03
  60 units (n = 20) 38.6 ± 10.63 (23–51) 36.03 ± 2.53 35.38 ± 2.34 0.62
  100 units (n = 20) 31.7 ± 8.51 (21–44) 36.67 ± 5.05 36.45 ± 4.91 0.35

Table 2. Comparison between Low- and High-dose Groups
Variable 60 Units (n = 20) 100 Units (n = 20) P 

Circumference difference (cm) −0.52 ± 0.74 −0.44 ± 1.04 0.78
Difference percentage (%) −1.46 ± 2.17 −1.10 ± 2.88 0.64
Satisfaction score 3.9 ± 0.68 4.5 ± 0.97 0.17
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tension, thereby achieving pain relief. Also, Koog and 
Min20 reviewed the effects of BTX-A on the gastrocnemius 
in children with cerebral palsy. BTX-A injections on the 
gastrocnemius have been performed for a variety of rea-
sons, and research continues to determine what benefits 
these treatments offer to patients.

In recent years, as interest in leg contour correction for 
beauty has increased, some patients have sought BTX-A injec-
tions. There are relatively few studies on the use of BTX-A 
injections for gastrocnemius for cosmetic purposes. Lee et 
al6 first reported the use of BTX-A injection for the treatment 
of gastrocnemius hypertrophy in 2004. They found that 
the BTX-A injection for correction of the enlarged medial 

gastrocnemius muscle to be without functional disabilities.6 
Oh et al10 reported volume reduction on three-dimensional 
computed tomography after BTX-A injection in hypertro-
phic gastrocnemius. However, the use of BTX-A injection for 
gastrocnemius for these cosmetic purposes is still at an early 
stage of research, and further research with high-evidence 
is needed. Also, there was no study about a definite recom-
mended dose for an effective but safe injection for the cor-
rection of gastrocnemius hypertrophy.

In our study, we found significant circumference reduc-
tion in the hypertrophic calf after 8 weeks without any 
complications. Suh et al14 reported 6 months duration of 
its effectiveness on circumference reduction. Although 

Fig. 3. a 31-year-old woman was injected with 60 units of BtX-a on the thickest part of both gastrocne-
mius muscles. a, Preoperative appearance. B, reduction of calf circumference was found after 8 weeks.

Fig. 4. a 41-year-old woman was injected with 100 units of BtX-a on the thickest part of both gastrocne-
mius muscles. a, Preoperative appearance. B, reduction of calf circumference was found after 8 weeks.
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not significant in the patient satisfaction survey, satisfac-
tion seemed to be higher in the 100 units group. However, 
there was no significant difference in the circumference 
reduction between 60 and 100 units. Cheng et al8 reviewed 
the literature about BTX-A injections for leg contouring in 
East Asians. In this systematic review, BTX-A ranging from 
72 to 360 units improved the circumference of the lower 
leg. However, BTX-A injection more than 100 units showed 
some complications, including ecchymosis around injec-
tion sites, myalgia, and cramps.8 In this study, we found that 
60 units of BTX-A injection showed a significant correc-
tion of gastrocnemius hypertrophy. This is a meaningful 
study indicating that the calf circumference could be cor-
rected with a smaller dose compared with previous studies. 
However, because the patients’ muscle volume or size is 
not considered for the dose, further research is needed on 
the threshold dose according to the patients’ muscle size.

The major strength of this study is the high level of evi-
dence from this prospective, double-blinded, randomized 
controlled trial design. However, there were a few limita-
tions. A small number of participants were enrolled in one 
center during short follow-up period. Additionally, there are 
limitations in comparing the contour with objective indica-
tors, so it was determined that the treatment was effective in 
reducing the circumference. Although the circumference 
was the most objective value for measurement, the change 
was more minimal than that of a surgical procedure. Also, 
comparison of effects and complications between doses 
was important, but only two groups were compared in this 
study. There may be differences according to the amount of 
muscle, and the variation of the injection site has not been 
accurately analyzed. Therefore, further research, including 
a large sample size and a variety of groups during a longer 
period, will improve the level of clinical evidence for using 
BTX-A on gastrocnemius in the future.

CONCLUSIONS
BTX-A injections can be a good noninvasive method 

for the correction of hypertrophic gastrocnemius muscles. 
We demonstrated a significant circumference reduction 
and effective dose of BTX-A through a prospective, double-
blinded, randomized controlled clinical trial. This study 
supports the use of BTX-A injection in patients unsatisfied 
with lower leg hypertrophy. The patients were highly satis-
fied with improved lower leg contour after BTX-A injection.

Hyun Ho Han, MD, PhD
Department of Plastic Surgery, Asan Medical Center

University of Ulsan College of Medicine
Olympic-ro 43gil, Songpa-gu, Seoul, Republic of Korea

E-mail: tripleh1952@gmail.com

DISCLOSURES
Prof. Han reports being funded by the Hugel Co., to conduct 

clinical trials. The other authors have no financial interest to 
declare.

ACKNOWLEDGMENTS
This research was funded by the Hugel Co., Seoul, South 

Korea. The funders had no role in study design, data collection, 

data analysis, data interpretation, or writing of the report. This 
trial was registered with Clinical Research Information Service by 
Korean Disease Control and Prevention Agency (KCT0008039).

REFERENCES
 1. Kim IG, Hwang SH, Lew JM, et al. Endoscope-assisted calf reduc-

tion in Orientals. Plast Reconstr Surg. 2000;106:713–718; discus-
sion 719–720.

 2. Lemperle G, Exner K. The resection of gastrocnemius muscles 
in aesthetically disturbing calf hypertrophy. Plast Reconstr Surg. 
1998;102:2230–2236. 

 3. Tsai CC, Lee SS, Lai CS, et al. Aesthetic resection of the gastroc-
nemius muscle in postpoliomyelitis calf hypertrophy: an uncom-
mon case report. Aesthetic Plast Surg. 2001;25:111–113. 

 4. Hwang CH. Excessive gastrocnemius fibrosis developed after 
radiofrequency-induced cosmetic volume reduction. Aesthetic 
Plast Surg. 2011;35:1172–1175. 

 5. To EW, Ahuja AT, Ho WS, et al. A prospective study of the effect 
of botulinum toxin A on masseteric muscle hypertrophy with 
ultrasonographic and electromyographic measurement. Br J 
Plast Surg. 2001;54:197–200. 

 6. Lee HJ, Lee DW, Park YH, et al. Botulinum toxin A for aesthetic 
contouring of enlarged medial gastrocnemius muscle. Dermatol 
Surg. 2004;30:867–871; discussion 871. 

 7. Han KH, Joo YH, Moon SE, et al. Botulinum toxin A treatment for 
contouring of the lower leg. J Dermatolog Treat. 2006;17:250–254. 

 8. Cheng J, Chung HJ, Friedland M, et al. Botulinum toxin injections 
for leg contouring in East Asians. Dermatol Surg. 2020;46:S62–S70. 

 9. Shi W, Zhu L, Wang T, et al. Classification of hypertrophic gas-
trocnemius muscle and its treatment with botulinum toxin A. 
Aesthetic Plast Surg. 2019;43:1588–1594. 

 10. Oh WJ, Kwon TR, Oh CT, et al. Clinical application of botuli-
num toxin a for calf hypertrophy followed by 3-dimensional com-
puted tomography. Plast Reconstr Surg Glob Open. 2018;6:e1071. 

 11. Xu F, Ma H, Li Y, et al. Individualized treatment of botulinum 
toxin type A for hypertrophic muscular calves with different 
bulging units in Asian women. Dermatol Surg. 2017;43:S336–S343. 

 12. Bogari M, Tan A, Xin Y, et al. Treatment of gastrocnemius muscle 
hypertrophy with botulinum toxin injection followed by mag-
netic resonance imaging assessment and 3-dimensional evalua-
tion. Aesthet Surg J. 2017;37:1146–1156. 

 13. Chong Y, Li Z, Zhang D, et al. Ultrasonographic analysis of the 
calves for efficient botulinum toxin type A injection. J Cosmet 
Dermatol. 2022;21:4301–4306. 

 14. Suh Y, Jeong GJ, Noh H, et al. A multicenter, randomized, open-
label comparative study of prabotulinum toxin A with two dif-
ferent dosages and diverse proportional injection styles for 
the reduction of gastrocnemius muscle hypertrophy in Asian 
women. Dermatol Ther. 2019;32:e13009. 

 15. von Szalay L. Calf augmentation: a new calf prosthesis. Plast 
Reconstr Surg. 1985;75:83–87. 

 16. Tsai CC, Lin SD, Lai CS, et al. Aesthetic analysis of the ideal 
female leg. Aesthetic Plast Surg. 2000;24:303–305. 

 17. Lee JT, Wang CH, Cheng LF, et al. Subtotal resection of gastroc-
nemius muscles for hypertrophic muscular calves in Asians. Plast 
Reconstr Surg. 2006;118:1472–1483. 

 18. Filippetti M, Picelli A, Di Censo R, et al. incobotulinumtoxina 
injection for treating children with idiopathic toe walking: a ret-
rospective efficacy and safety study. Toxins (Basel). 2022;14:792. 

 19. Santamato A, Cinone N, Panza F, et al. Botulinum toxin type 
A for the treatment of lower limb spasticity after stroke. Drugs. 
2019;79:143–160. 

 20. Koog YH, Min BI. Effects of botulinum toxin A on calf muscles 
in children with cerebral palsy: a systematic review. Clin Rehabil. 
2010;24:685–700. 

mailto:tripleh1952@gmail.com
https://doi.org/10.1097/00006534-199811000-00064
https://doi.org/10.1097/00006534-199811000-00064
https://doi.org/10.1097/00006534-199811000-00064
https://doi.org/10.1007/s002660010106
https://doi.org/10.1007/s002660010106
https://doi.org/10.1007/s002660010106
https://doi.org/10.1007/s00266-011-9722-z
https://doi.org/10.1007/s00266-011-9722-z
https://doi.org/10.1007/s00266-011-9722-z
https://doi.org/10.1054/bjps.2000.3526
https://doi.org/10.1054/bjps.2000.3526
https://doi.org/10.1054/bjps.2000.3526
https://doi.org/10.1054/bjps.2000.3526
https://doi.org/10.1111/j.1524-4725.2004.30255.x
https://doi.org/10.1111/j.1524-4725.2004.30255.x
https://doi.org/10.1111/j.1524-4725.2004.30255.x
https://doi.org/10.1080/09546630600899070
https://doi.org/10.1080/09546630600899070
https://doi.org/10.1097/DSS.0000000000002320
https://doi.org/10.1097/DSS.0000000000002320
https://doi.org/10.1007/s00266-019-01455-w
https://doi.org/10.1007/s00266-019-01455-w
https://doi.org/10.1007/s00266-019-01455-w
https://doi.org/10.1097/GOX.0000000000001071
https://doi.org/10.1097/GOX.0000000000001071
https://doi.org/10.1097/GOX.0000000000001071
https://doi.org/10.1097/DSS.0000000000001261
https://doi.org/10.1097/DSS.0000000000001261
https://doi.org/10.1097/DSS.0000000000001261
https://doi.org/10.1093/asj/sjx070
https://doi.org/10.1093/asj/sjx070
https://doi.org/10.1093/asj/sjx070
https://doi.org/10.1093/asj/sjx070
https://doi.org/10.1111/jocd.15279
https://doi.org/10.1111/jocd.15279
https://doi.org/10.1111/jocd.15279
https://doi.org/10.1111/dth.13009
https://doi.org/10.1111/dth.13009
https://doi.org/10.1111/dth.13009
https://doi.org/10.1111/dth.13009
https://doi.org/10.1111/dth.13009
https://doi.org/10.1097/00006534-198501000-00018
https://doi.org/10.1097/00006534-198501000-00018
https://doi.org/10.1007/s002660010051
https://doi.org/10.1007/s002660010051
https://doi.org/10.1097/01.prs.0000239611.00011.ac
https://doi.org/10.1097/01.prs.0000239611.00011.ac
https://doi.org/10.1097/01.prs.0000239611.00011.ac
https://doi.org/10.3390/toxins14110792
https://doi.org/10.3390/toxins14110792
https://doi.org/10.3390/toxins14110792
https://doi.org/10.1007/s40265-018-1042-z
https://doi.org/10.1007/s40265-018-1042-z
https://doi.org/10.1007/s40265-018-1042-z
https://doi.org/10.1177/0269215510367557
https://doi.org/10.1177/0269215510367557
https://doi.org/10.1177/0269215510367557

