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Demonstration of Intramuscular Artery and Nerve Distribution
in the Same Whole Mount Gracilis Muscle by Different Colors
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SUMMARY: The goal of this study was to describe the intramuscular artery and nerve distribution in detail by different colors
in the same whole mount gracilis muscle. Red latex injection into the external iliac artery was performed on 14 fresh auenan cad
Two weeks later, 28 gracilis muscles were harvested from the cadavers and during this course the number of the artefiabgbdicle
specimen was counted. Then, the muscle specimens were fixed in 10 % formalin 4 weeks for fixation and Sihler’s stainireg procedu
was performed on each muscle specimens. After all of the procedures, the gracilis muscle appeared almost transparena-amdithe e
intramuscular artery and nerve branches, even the terminals, were clearly demonstrated in red and dark blue separatey28wo of
specimens were supplied by a single main arterial pedicle alone, 14 specimens by a main arterial pedicle and an acdes8ory pedic
specimens by a main pedicle and 2 accessory pedicles, while 4 specimens by a main arterial pedicle and 3 accessorhpeditles. Al
the number of the arterial pedicles was inconsistent, the intramuscular artery branches anastomosed with each otheaavitbiermed
arterial system in all specimens. The nerve innervating the gracilis muscle divided into two or three major brancheseetéith dir
distally and innervated the distal two thirds of the muscle, while running longitudinally and parallel to the muscle fifmrad\We
innervation pattern was remarkably consistent from specimen to specimen. This study provided very detailed and usefohifdformati
anatomists, physiologists and reconstructive surgeons. Furthermore, we here also provided a new method to demonstmagetharintra
artery and nerve distribution in the same whole mount muscle by different colors for other researchers to refer to.
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INTRODUCTION

The gracilis muscle is widely utilized by plastic andequired (Revenaugh & Byrne, 2015). In these cases, the
reconstructive surgeons in a variety of applications aschinician must know precisely the intramuscular anatomy
pedicled muscle or for free functioning muscle or flapfthe muscle to preserve the arterial supply and innervation
transfer (Krimmeret al, 1995; Melenhorset al, 2008; of this muscle flap in order to confirm its survival and
Tayloret al, 2003; Zukeet al, 2011). Accurate knowledge function. Also, precise acknowledge of the intramuscular
of the muscle architecture, particular the intramusculalistribution of artery and nerve can prompt an improvement
innervation patterns and arterial distribution, is critical foof ideal muscle flap design without harming its functional
guiding the muscle flap design and innovation, such as thgegrity.
design for the coverage of two anatomically distant wounds
and for the reconstruction of facial paralysis (Manketlow & The basic anatomy of the gracilis muscle, especially
Zuker, 1984; Schoellest al). When the gracilis muscle is its extramuscular blood supply and its innervation, has been
used for the coverage, this muscle should be split transversgiil and extensively documented and understood in the past
into two free flaps (Schoelket al). In the reconstruction of (Magderet al, 2010; Tayleet al). The intramuscular arterial
facial paralysis, because the transfer of the entire gracipattern has also been outlined by methods of angiography
muscle would give a more powerful movement and a greai@r micro-dissection (Morris & Yang, 1999), while the
bulk than necessary, only a small piece of the muscleiigramuscular innervation distribution by Sihler’s staining
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(Won et al.,, 2012). Unfortunately the methods ofRESULTS
angiography or micro-dissection cannot demonstrate the
detailed information of the intramuscular arterial distribution
thoroughly because of their disadvantages and inabilities, After the procedures the gracilis muscle appeared
for example, small blood vessels cannot be traced. Althoughmost transparent, and the extra- and intramuscular artery
Sihler’s staining, with more strengths, is a whole mount nenad nerve branches, even the terminals, were clearly
staining technique and the only method available fatemonstrated separately in red and dark blue. (Fig. 1a &
mapping the entire intramuscular nerve, studies of ths.
intramuscular correlation of the vascular and neural patterns,
especially demonstrated in the same whole mount human  The gracilis muscles were found to be supplied by
muscle by different colors, is still lacking in the literature.one to four arterial pedicles, which entered the deep surface
of the muscles near the anterior border of the muscle. Two
Inspired by the information from Mus paper (Mu &of the 28 specimens (7.1 %) were supplied by a single
Sanders, 2010), we developed a method to simultaneousigin arterial pedicle alone, 14 specimens (50.0 %) by a
demonstrate the intramuscular artery and nerve distributiomain arterial pedicle and an accessory pedicle, 8 specimens
by different colors in the same whole mount muscle basé®B8.6 %) by a main pedicle and two accessory pedicles,
on the Sihler’s staining technique. Using this method wehile 4 specimens (14.3 %) by a main arterial pedicle and
have successfully finished the human gracilis musckaree accessory pedicles.
showing the intramuscular artery branches by red and the
nerve branches by dark blue. The purpose of the currentstudy  After entering the muscle, the main and accessory
was to document comprehensively the intramuscular arteayterial pedicles split into transverse, ascending, and
and nerve distribution of the gracilis muscle, with particuladescending branches. Furthermore, there were well
emphasis on the anatomic information required for segmentiveloped intramuscular vascular anastomoses between the
division of the muscle by clinicians. And we also simplydescending branches of the main artery pedicle and the
referred to our method hoping for providing a usefuhscending branches of the first accessory arterial pedicles,
procedure for researchers who want to investigate thdereas the intramuscular arterial branches anastomosed
intramuscular artery and nerve distribution in the same whadle the same way with the accessory arterial branches. In
mount muscle. this manner, the intramuscular arterial branches formed a
whole body arterial system and we found the anastomosed
intramuscular arterial branches laid parallel to the
MATERIAL AND METHOD longitudinal muscle fibers. Through this way all the gracilis
muscle specimens demonstrated a consistent intramuscular
arterial distribution pattern and formed a whole arterial
Fourteen fresh cadavers (8 males and 6 females) wiistem except for the two specimens supplied by a single
an average age of 64 years (range 54-76 years) were carefilyin arterial pedicle alone (Figs. 1la & b).
selected to ensure that these human bodies suffered no
diseases, such as occlusion of artery or diabetes, whichmay  The motor nerve arose from the obturator nerve and
affect blood vessels or nerves. Red latex was injected ireatered the muscle in association with and somewhat
the external iliac artery 2 cm above the inguinal ligamenproximal to the main vascular pedicle. Before entering the
Two weeks later, 28 gracilis muscles were harvested fromuscle, the nerve divided into two or three major branches
the cadagrs and during this course the arterial and neurdirected distally, which innervated the distal two thirds of
pedicles were carefully protected. The number of arteritthe muscle. Arising from one of these major nerve branches,
pedicles of each gracilis muscle was counted. Then tbae nerve fascicular oriented proximally and innervated
muscles were placed in 10 % formalin 4 weeks for fixatiorihe proximal one third of the muscle. After entering the
During this period, the connective tissues covering the musclesiscle all these major branches subdivided in the distal
were carefully removed under an operating microscope (Zeisgo thirds of the muscle and the intramuscular nerve
OpmiPico, Oberkochen, Germany) to facilitate muscles tissbeanches ran longitudinally and parallel to the muscle
maceration. The artery and nerve branches were meticulouslyers, while the intramuscular nerve branches in the
protected. The muscles were then dyed with mod8ibter's  proximal one third ran obliquely to the muscle fibers. We
staining (Liem & van Willigen, 1988; Wu & Sanders, 1992)found the intramuscular nerve distribution pattern was
Finally, digital photographs of the muscles were taken amémarkably consistent from specimen to specimen,
intramuscular artery arborization and nerve distributioalthough these specimens had different number of artery
patterns were recorded. pedicles (Figs. 1a & b).
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Fig. 1a and b. Demonstration of intramuscular artery and nerve distribution in the same whole mount gracilis muscles fReatiarrow
showed after entering the muscle the descending branches of the main arterial pedicle anastomosed with the ascendifigh@ranches o
accessory arterial pedicle forming a whole arterial system in the muscle. Blue arrow showed that before entering thee masate, th
divided into two or three major nerve branches. Black arrow showed that a nerve fascicular arose from one of the magoichesvarit
distributed to the proximal one third of the muscle. Green arrow head showed after entering the muscle one of the megmchesve b
subdivided and innervated the anterior part of the distal two thirds of the muscle while the black arrow heads showaesttieit@tetd

the posterior part. The * and ** showed the main and accessory arterial pedicles respectively. Although the numbersaifplediatts

of these specimens were different, intramuscular nerve distribution pattern was remarkably consistent from specimen to specimen

DISCUSSION

Since the basic anatomy of gracilis muscle, such &ngitudinally into two free flaps for soft tissue coverage of
its physical parameters and arterial and neural pedid®o anatomically distant wounds or for functional
locations, has already been well and extensively explord@construction (Schoellet al; Zukeret al). But in order
we focused on the intramuscular distribution of the arteft finish these procedures, it entails that the gracilis muscle
and nerve branches in this study. Although the intramuscukftould have at least on accessory pedicle. Caeidals
arterial anastomosis in the gracilis muscle has already bd@@04) found no muscle has fewer than two accessory
reported by a previous angiographic study (Morris &Yangpedides, whereas Maccét al, (2008) concluded at least
in the current study we more clearly and directly, visuallpne accessory pedicle was invariably present. However, in
demonstrated the presence of such an arterial system. & study, two in 28 specimens (7.1 %) were found to be
the design of an appropriately sized gracilis muscle flapolely supplied by a single main arterial pedicle alone. This
based on the main or an accessory arterial pedicle, is possitfi@f clinical importance, because this case certainly affects
The gracilis muscle has already been split transversely afversely the usage of the gracilis muscle and precludes the

1036



AN, X.; DONG, P,; QU, X. & LI, S. Demonstration of intramuscular artery and nerve distribution in the same whole mount gracilis muscle by differeimt céldierphol., 34(3)1034-1038, 2016.

possibility of splitting this muscle transversely orOur current research method cannot be utilized during the

longitudinally into two flaps. So, this finding cautions thamuscle flap transplantation by the clinician, but it can provide

muscles without an accessory pedicle may occasionally peecise anatomic information, especially the intramuscular

encountered, and preoperative CT angiography should erve distribution displayed direct visually, which is

performed to provide accurate and reliable detail of the Iaecessary for muscle flap transplantation procedure and can

cal vascular anatomy before the performing of surgicahprove the understanding of the functional anatomy of the

procedure. gracilis muscle by clinician, while increasing their
reconstructive capabilities to gain better functional recovery

Although there have been some reports of anatomid the transplanted muscle flap.

anomalies (Sainsbury & Wagget, 1984), most anatomic

studies of the gracilis muscle have indicated that the anatomy  We hereby provided a method to demonstrate the

is reliable (Kumaeet al, 1998). And our current study hasintramuscular artery arborization and nerve distribution in

revealed a remarkably consistent pattern of intramusculdetail by different colors in the same whole mount skeletal

nerve distribution within the gracilis muscle, which suits imuscle. Although we added one more step before the Sihler’s

well for functional transplantation. In the distal two thirdsstaining, no one has completed such a work up to now. We

of the muscle, the intramuscular nerve branches r&ope the introduction of this method will give inspiration to

longitudinally and parallel to the muscle fibers. This resutither researchers who want to perform this type of

is of clinical importance and confirms the suitability ofinvestigation. This will provide very useful information for

longitudinal division for segmental functional muscleanatomists, physiologists and clinicians to guide functional

transfer, if preoperative CT angiography precludes the caseiscle flap design and innovation.

of gracilis muscle solely supplied by a single main arterial

pedicle. Just as Manktelow’s anticipation (Manktelow &

Zuker, 1984), the possibility of being longitudinallyACKNOWLEDGEMENTS
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but not after the nerve has entered the muscle as Morris &

Yang description, the nerve innervating this muscle has

already divided into several major branches, and then, affé, X.; DONG, P.; QU, X. & LI, S. Demostracion de la distribu-

entering the muscle, subdivided and distributed into differepion intramuscular de la arteria y nervio del musculo gracil me-

parts of the muscle. When performing functional muscle f|a6§ante diferentes colordsit. J. Morphol., 34(3)1034-1038, 2016.

the operator should pay great attention to and have a clear ) - . -

mind of this point, because transplantation of part of thﬁ RESUMEN: El objetivo de este estudio fue describir en

| ith tati fi i . b etalle la distribucion intramuscular de la arteria y el nervio del
muscie with coaptation of Incorrect major nerve brancgl;seiq grécil por diferentes colores en un solo montaje. Se reali-

which is not corresponding to this part of muscle, will leags inyeccisn de latex rojo en la arteria iliaca externa en 14 cadave-
to failure of the functional transplantation. Just as some Gas humanos frescos. Dos semanas mas tarde se retiraron 28 mus-
ses in reconstruction of facial paralysis, only a part of theilos gracil de los cadaveres y se realizé un conteo del nimero de
muscle, which is of one-third cross-sectional area of thpediculos arteriales de cada muestra. Las muestras de mdsculo se
normal gracilis, is necessary to transplant. In order to sectif@ron en formalina al 10 % durante 4 semanas para los procedi-
the function of this muscle flap, the major never branciientos de tincién de Sihler. Al término de todos los procedimien-

innervating this part of muscle should be selected arﬁ?ms’ el musculo grécil parecia casi transparente, y las ramas extra e

intramusculares de las arterias y los nervios, incluso los termina-
coaptated correctly. So, before harvest of the flap, each mgjar y

b h hould be stimulated tel d S, se observaron en azul y rojo oscuro por separado. Dos de los
nerve branches shou € stimuiated separately an specimenes presentaron por pediculo arterial principal Gnico,

corresponding portion of the muscle that contracted wag myestras un pediculo arterial principal y un pediculo accesorio,

observed. Through this way, the major nerve branch, whighie las muestras un pediculo principal y dos pediculos accesorios,
is responsible for the functional contraction of the flap, coulslientras que 4 muestras un pediculo arterial principal y tres

be selected (Manktelow & Zuker). Although the method afediculos accesorios. Aunque el nimero de los pediculos arteriales
electrical stimulation is very necessary and useful durirgj@ inconsistente, las ramas de la arteria intramuscular se
surgical procedure of functional flap transplantation, th%nastomosabanlentre siyforma_ban un_sistema artgrial conjgnFo en
innervation pattern cannot be directly visually demonstrate{d0s 10s especimenes. El nervio que inerva el musculo gracil se
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encontré dividido en dos o tres ramos principales, dirigidos transfer for facial paralysi§acial Plast. Surg., 31(2)34-9,
distalmente e inervaron los dos tercios distales del masculo, mien- 2015.

tras que otro discurre longitudinalmente y en paralelo a las fibras

musculares. Encontramos que el patrén de inervacion fue notal@ainsbury, J. R. & Wagget, J. An absent gracilis--case ré&yoit.
mente consistente de un especimen a otro. Este estudio proporcio-Clin. Pract., 38(2)72, 1984.

na informacién muy detallada y util para los anatomistas, fisidlogos

y cirujanos. Ademas, también se proporciond un método innov@ehoeller, T.; Meirer, R.; Gurunluoglu, R.; Piza-Katzer, H. &
dor para demostrar la distribucion intramuscular de la arteriay el Wechselberger, G. Gracilis muscle split into two free flaps.
nervio en un mismo masculo, entero, y con diferentes colores. Reconstr. Microsurg., 19(595-8, 2003.

PALABRAS CLAVE: Distribucién intramuscular ; Ar- Taylor, G. |.; Cichowitz, A.; Ang, S. G.; Seneviratne, S. & Ashton,
teria; Nervio; Musculo grécil. M. Comparative anatomical study of the gracilis and
coracobrachialis muscles: implications for facial reanimation.
Plast. Reconstr. Surg., 112(29-30, 2003.
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