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Intramuscular Nerve Distribution in Mimetic Muscles:
An Anatomical Study to Guide BoONT-A Injection
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SUMMARY: The precise targets of botulinum toxin type A (BoNT-A) for the treatment of hemifacial spasm (HFS) and facial-
cervical wrinkle reduction remain unclear. This study aimed to elucidate the location and area of the intramuscular neegtodense
(INDR) in each mimetic muscle innervated by the facial nerve, and to use them as precise targets for BONT-A injectiom ddichetic
obtained from 12 formalin-fixed adult Chinese cadavers (male:female = 1:1) were subjected to modified Sihler’s stainimgti@temo
the whole-mount intramuscular nerve branching distribution pattern. The location and area of the INDRs were measurefieghd identi
for each muscle. The locations of the INDRs varied among the mimetic muscles: medial part of the middle muscle bellyrfi the fr
belly of the occipitofrontalis; middle part of the upper and lower eyelids and lateral canthus level for the orbiculamsdatbelinuscle
belly for the zygomaticus major, levator labii superioris, risorius, depressor anguli oris, depressor labii inferioristalis mieldle-
lower muscle belly for the zygomaticus minor; junction of the middle and upper thirds for the nasalis; junction of thenchidalera
thirds for the levator labii superioris alaeque nasi; for the orbicularis oris, upper part at the midpoint of the oral cemphilgam line
and lower part just below the oral commissure; and upper muscle belly for the platysma. The area of the INDR in the atwosd-menti
mimetic muscles varied in size, but no statistically significant differences were observed between the left and rigtiesidesror
males and female® (> 0.05). The delineation of the location and area of these INDRs can provide guidance for targeted BoNT-A
injection, thereby ensuring therapeutic efficacy while reducing the risk of complications.
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INTRODUCTION

HFS is often secondary to stroke, tumor, otargets (Tangt al, 2018). However, clinical practice lacks
inflammation (e.g., facial neuritis) but may also be idiopathisystematic knowledge of the intramuscular innervation of
with an incidence of approximately 11/100,000 (Chaudhrthe mimetic muscles. Injections often rely on surface
etal, 2015). Its typical clinical manifestation is paroxysmallandmarks and empirical strategies, frequently resulting in
involuntary twitching of the muscles on one side of the faceuboptimal efficacy, short duration of effect, and
often starting in the orbicularis oculi muscle and gradualigomplications such as ptosis and facial stiffness (Hong,
spreading to the cheek and oral commissure. In severe cag€23). Studies have shown that a 0.5 cm deviation of the
the platysma may also be involved, leading to sociabjection point from the motor endplate band can reduce
impairment and reduced quality of life (Tambastaal, efficacy by 50 % (Parrattt al, 2002). Therefore, identifying
2021). BoNT-A inhibits muscle excitation by blockingthe INDRs of each mimetic muscle is critical for targeted
presynaptic acetylcholine release at motor endplates and hgsction. In addition to treating HFS, BoNT-A is widely
become the first-line treatment for HFS. Its efficacy andsed in aesthetic wrinkle reduction for glabellar lines, crow’s
safety are highly dependent on precise injection into motfeet, and platysmal bands, where precise injection also
endplate bands. The INDRs correspond to the distributieaquires a clear map of intramuscular nerve distribution
of motor endplate bands and represent the ideal injecti®mall, 2014; Yiet al, 2026).
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Traditional anatomical methods cannot fully visualizénferior border of the mandible. The mimetic muscles were
intramuscular nerves. The modified Sihler’'s stainingharply separated from the superficial surface of the masseter
technique clearly delineates these nerves and is the goldscle. The frontal belly of the occipitofrontalis, orbicularis
standard for studying their distribution. To date, thisculi, zygomaticus major and minor, perioral muscles, and
technique has been applied only to individual mimetidepressor anguli oris were lifted from the bony surface and
muscles (Hamt al, 2025; Piaet al, 2026); no systematic parotid gland and connected with the reflected platysma to
study exists on the entire mimetic muscle group, and no neffeem one intact specimen.
atlas covering both HFS treatment and aesthetic wrinkle
reduction has been reported. Therefore, this study aimedMiodified Sihler’'s staining: The harvested intact muscle
use modified Sihler’s staining to comprehensively visualizepecimens underwent the modified Sihler’s staining
the intramuscular nerves of the mimetic musclegrocedure (Jet al, 2025). They were first rinsed under
systematically localize each INDR, and quantify its areaunning tap water for 30 min to remove the formalin. They
The goal was to provide direct anatomical targets for precigere then placed in a maceration solution containing a
BoNT-A injection, facilitate the shift from empirical to mixture of KOH and HO, for 2-3 weeks; during this process,
targeted injection practices, improve efficacy, reducthe thinner parts were supported to prevent over-maceration
complication risks, and advance the precision medicirend damage. Once the entire muscle specimens became semi-

transformation of BoNT-A clinical applications. translucent, they were rinsed under running water for 30
min. The specimens were then decalcified in Sihler’s |
MATERIAL AND METHOD solution (1 part glacial acetic acid, 2 parts glycerin, 12 parts

chloral hydrate) for 2-3 weeks. After the shrunken muscle
Specimens and ethicSwelve formalin-fixed Chinese adult blocks had relaxed and expanded again, they were rinsed
cadavers (six males, six females) without neuromusculander running water for 30 min and then placed in Sihler’s
disease or facial deformities, aged 35-75 years (mean 50.%olution (1 part Ehrlich’s hematoxylin, 2 parts glycerin,
+ 11.5 years), were collected. This study followed the ethicaP parts chloral hydrate) for staining for 4 weeks. When the
principles of the Declaration of Helsinki. The specimens wespecimens had completely sunk in the staining container and
from voluntary donors, and their collection and use wergppeared uniformly dark blue-black, they were placed back
approved by the Ethics Committee of Zunyi Medicain Sihler’s | solution for destaining for 2-18 h. The ideal
University (#2022-1-003). destaining endpoint was when the nerve branches were black
and the muscles were light purple. After destaining, the
Gross anatomy.The specimens were placed in a supinspecimens were neutralized in 0.05 % lithium carbonate
position with the head slightly turned to the opposite sideolution for 2 hours and finally cleared in graded glycerin
The epicranial aponeurosis was transected at the hairline(d4® %, 60 %, 80 %, and 100 %) for 4 weeks. Finally, the
the upper boundary. An incision was made from the anterimtramuscular nerve distribution was observed on an X-ray
auricular fold at the front of the tragus downward to th&lm viewer, and schematic diagrams were drawn.
earlobe, curving around the earlobe to the mastoid tip, and
then extending along the inferior border of the mandible toStatistical analysis.Data were processed using SPSS 29.0
point 2 cm lateral to the oral commissure. The skin arsbftware (IBM Corp., Armonk, NY, USA) and expressed as
subcutaneous tissue were incised, and the flap was reflecteadan+ standard deviationx(+ s). Because the data
anterior to the parotid gland and masseter muscle to expassmformed to a normal distribution, comparisons between
the superficial musculoaponeurotic system (SMAS), whicleft and right sides were performed using a paitedt, and
continued downward as the platysma muscle. The deep surfacenparisons between males and females were performed
of the SMAS was the parotideomasseteric fascia. Below thsing an independent samptdsst. AP-value < 0.05 was
inferior border of the mandible, the platysma muscle waonsidered statistically significant.
separated from the overlying subcutaneous tissue, its lower
edge was transected, and the muscle was reflected upw&ESULTS
From the anterior border of the parotid gland, the facial nerve
branches (temporal, zygomatic, buccal, marginal mandibul&@yoss anatomical observationsAfter emerging from the
and cervical) were carefully separated by blunt dissectioparotid gland, the facial nerve clearly divided into branches:
and each branch entered the corresponding mimetic musitie temporal branch innervating the frontal belly of the
in a fan-shaped manner. The origins of the zygomaticus majoccipitofrontalis and the upper part of the orbicularis oculi;
zygomaticus minor, and other muscles were detached aldahg zygomatic branch innervating the lower part of the
the inferior border of the zygomatic bone; the depressor angatbicularis oculi and the zygomaticus major; the buccal
oris and depressdabii inferioris were detached along thebranch, which had the most subdivisions, innervating the
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zygomaticus major, zygomaticus minor, risorius, and the
perioral muscles; the marginal mandibular branch
innervating the depressor anguli oris, depressor labii
inferioris, and mentalis; and the cervical branch innervating
the platysma (Fig. 1).

Sihler’s staining findings. The intramuscular nerves of
the mimetic muscles exhibited a non-uniform distribution.
The location, number, and area of the INDRs varied among
muscles. The specific locations and areas were shown in
Fig. 2 and Table I. Comparisons between left and right
sides and between males and females showed no
statistically significant difference® ¢ 0.05; Tabldl).

Fig. 1. Gross anatomy of the mimetic muscles and the facial
nerve. 1 = frontal belly of the occipitofrontalis muscle; 2 =
temporal branch; 3 = zygomatic branch; 4 = superior buccal
branch; 5 = inferior buccal branch; 6 = parotid gland; 7 =
marginal mandibular branch; 8 = cervical branch; 9 =
orbicularis oculi muscle; 10 = nasalis muscle; 11 = levator labii
superioris alaeque nasi muscle; 12 = zygomaticus minor
muscle; 13 = zygomaticus major muscle; 14 = risorius muscle;
15 = depressor anguli oris muscle; 16 = depressor labii inferioris
muscle; 17 = platysma muscle.

Fig. 2. Sihler’s staining of the mimetic muscles in the facial nerve territory and the intramuscular locations of the INDRs.

A: Sihler’s staining showing: 1 = temporal branch; 2 = zygomatic branch; 3 = buccal branch; 4 = marginal mandibular
branch; 5 = cervical branch. B: Schematic diagram of the intramuscular positions of the INDRs.
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Table I. Location and area of INDR in each muscle.

INDR in muscle Location Area (cmd)
Frontal belly of occipitofrontalis Medial part of the middle muscle belly 0.88+0.11
Upper part of orbicularis oculi Middle part of the upper eyelid 0.39+0.05
Lower part of orbicularis oculi (1) Middle part of the lower eyelid 0.40+£0.05
Lower part of orbicularis oculi (2) Lateral canthus level 0.70£0.08
Zygomaticus major Middle muscle belly 0.25+0.03
Zygomaticus minor Middle-lower muscle belly 0.10+0.01
Levator labii superioris Middle muscle belly 0.1740.02
Levator labii superioris alaeque nasi Junction of the middle and lower thirds of the muscle be 0.23+0.02
Risorius Middle muscle belly 0.1740.02
Nasalis Junction of the middle and upper thirds of the muscle be 0.15+0.01
Upper part of orbicularis oris Midpoint of the oral commissa-philtrum line 0.21+0.02
Lower part of orbicularis oris Inferior to theoral commissure 0.35+0.03
Depressor anguli oris Middle muscle belly 0.44+0.05
Depressordbii inferioris Middle muscle belly 0.29+0.03
Mentalis Middle muscle belly 0.13+0.01
Platysma Upper part of muscle belly 2.03+0.18

DISCUSSION traditional positioning methods to continue being used. The

muscles requiring adjustment are as follows:

Both HFS and facial dynamic wrinkles are caused
by overactivity of the mimetic muscles. BoNT-A, byOrbicularis oculi — Clinically, it is typically injected at a
blocking presynaptic acetylcholine release at thgingle point 1.5-2.0 cm lateral to the lateral canthus (Flynn
neuromuscular junction, has become the first-line treatmegital, 2001). However, the results of this study indicate that
for HFS and a preferred method for aesthetic wrinklthe INDRs of the orbicularis oculi are located not only at
reduction (Nittaret al, 2025). Studies have reported a totathe level of the lateral canthus but also in the middle regions
effective rate as high as 95 % (Singh, 2013), but the incideraiethe upper and lower eyelids. Therefore, a single-point
of adverse reactions is approximately 16 %—18 %, includingjection may yield insufficient efficacy. If the dose is
common complications such as ptosis, deviation of the omcessive or the injection is administered too superiorly, it
commissure, and facial stiffness (Khatketal, 2026). The may easily diffuse to the levator palpebrae superioris,
core problem is imprecise injection targeting. Although theesulting in ptosis (Basar & Arici, 2016). It is recommended
motor endplate band is theoretically the optimal target, ite inject at the middle of the upper eyelid, the middle of the
specific location in each mimetic muscle remains uncledawer eyelid, and the level of the lateral canthus, respectively,
and clinical practice has long relied on surface landmarkehile strictly controlling the dose.
for empirical injection (Vartanian & Dayan, 2004).
Therefore, based on the correspondence between the INDEygomaticus major — Clinically, it is often injected into
and the motor endplate bands, establishing an anatomitta® upper-middle portion of the muscle belly
framework for precise injection using INDR has clear clinicalMaytharakcheept al, 2024). The results of this study reveal
value. By using modified Sihler’s staining, this studythat the INDR is solely located in the middle portion of the
systematically located the INDRs in each mimetic musclejuscle belly, with minimal distribution in the upper part.
providing a direct basis for targeted injection. Therefore, it is recommended to target the middle portion

of the muscle belly beneath the zygomatic body.

The muscles for which injection sites align with
commonly used clinical targets include the frontal belly dlasalis— Clinically, it is frequently injected in the middle
the occipitofrontalis, zygomaticus minor, levator labiiof the muscle belly (de Maiet al, 2017). The results of
superioris, levator labii superioris alaeque nasi, risoriuthis study demonstrate that the INDR is situated at the
depressor anguli oris, depressor labii inferioris, mentalis, apdhction of the middle and upper thirds of the muscle belly,
platysma (Carrutherst al, 2013; Costat al, 2022; Hong, suggesting that the center of the INDR should be located
2023; Hwanget al, 2009; Maast al, 2012), allowing above the lateral crus of the alar cartilage.
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