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SUMMARY: Flexor digitorum brevis, an intrinsic muscle of the sole of the foot, is stated as one of the muscles that shows
frequent anatomical variations. Its most commonly reported anomaly is the absence of tendon to the little toe. Frorstardlipaiat
of view, flexor digitorum brevis musculocutanous flap is used in the reconstruction of the heel pad and flexor digitoruembosvis
transfer is employed in the correction of flexible claw and hammer toe deformities. Despite its significance little iegamimgrthe
variations of this muscle in Sri Lankans. Hence, the goal of this study was to elucidate the incidence and morphologgaf featur
muscle in an adult Sri Lankan population. Atotal of one hundred and thirty five apparently healthy human feet were dissaatéztia
for the morphological features of the flexor digitorum brevis muscle. The incidence of the absent fourth tendon of thgitibexor d
brevis in the present study was found to be 71.85%. In all cases, when absent, it was missing bilaterally. The resudtenf ttedy
further highlight the anatomical variations of the flexor digitorum brevis muscle. A sound knowledge about the anatortimad wédiria
flexor digitorum brevis will facilitate the outcome of surgical as well as diagnostic imaging techniques of the foot. Frethermo
understanding muscle architecture of the foot may assist in the design of prosthesis and analysis of foot function.
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INTRODUCTION

Flexor digitorum brevis is an intrinsic muscle of the Flexor digitorum brevis is innervated by the major
sole of the foot that lies immediately superior to the centraénsory nerve in the sole of the foot, medial plantar nerve, a
part of the plantar aponeurosis and inferior to the tendobganch of the tibial nerve and vascularized by medial and
of flexor digitorum longus. Its flat spindle shaped muscl&teral planter arteries, plantar metatarsal arteries and plan-
belly arises as a thin tendon from the medial process taf digital arteries (Williamst al). Flexor digitorum brevis
tuber calcanei, proximal part of plantar aponeurosifynction in flexion of the four lateral toes at the proximal
intermuscular septa and other adjacent fascial layers. Tihter-phalangeal and metatarso-phalangeal joints, regardless
muscle fibers converge anteriorly forming four tendon®f the position of the ankle joint (Romanes; Williagtsil).
one each for the four lateral toes. At the base of the proxinfdbng with other muscles of the foot, it reinforces the
phalanges, each tendon of the flexor digitorum brevis, spligngitudinal arch of the foot (Romanes; Rosse & Gaddum-
into two slips and spirals around the tendons of the flex®osse, 1997). Paralysis of the flexor digitorum brevis results
digitorum longus, reunites in a chiasma, divides again aimldistortion of the arches of the foot (Rosse & Gaddum-
inserts into the margins of the intermediate phalanges Rbsse).
lateral four toes. The tendons of the flexor digitorum brevis
enter fibrous digital tunnels on the plantar aspect of the  Variety of anatomical variations of the flexor
digits, where they are surrounded by digital synovialigitorum brevis that differed from classical descriptions
sheaths. These fibrous digital tunnels or sheaths hold @igen in Anatomy texts has been reported. Variation in this
flexor digitorum brevis tendons to the bony plane anghuscle occurs in 63% of foots (Bergneiral, 1988). Some
prevent them from bowing when the toes are flexeaf its’ reported anomalies have been manifested as the
(Romanes, 1986; Williamst al, 2000). absence of tendon to the little toe (Nathan & Globe, 1974;
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Bergmaret al; Chaneyet al,1996; Claassen & Wree, 2003;and planter aponurosis of the foot were dissected carefully to
Yal¢in & Ozan, 2005; Lobet al, 2008; Becerro de Bengoaexpose the full length of the flexor digitorum brevis from its
Vallejo et al, 2008), presence of a deep head arising froproximal to distal attachment.
the flexor digitorum longus which either joins the main
muscle or proceeds as a separate tendon to the little toe
(Bergmanet al), it is present but ends in fascia, failing toRESULTS
reach the toe, it arises separately from the fibular band of
the plantar aponuerosis and presence of supernumerary slips
(Rosse & Gaddum-Rosse). Out of 270 lower limbs of 135 cadavers, fourth tendon
of the flexor digitorum brevis was absent bilaterally in 194
From a clinical standpoint of view, flexor digitorum lower limbs of 67 cadavers (Fig. 1). Supernumerary tendons
brevis musculocutanous flap is used in the reconstructionwére absent in all the cadavers. The incidence of the absent
the heel pad and flexor digitorum brevis tendon transfer feurth tendon in the present study was found to be 71.85%.
employed in the correction of flexible claw and hammer toe
deformities. Therefore, an in depth knowledge of the In all the study subjects, the origin and insertion of
anatomical variations of this muscle will facilitate preoperativéhe flexor digitorum brevis conformed to the standard text
diagnosis as well as the surgical procedures of the foot. book descriptions (Williamet al). The muscle was shown
to arise from the medial process of tuber calcanei, plantar
Despite its’ significance little is known regarding theaponeurosis and intermuscular septa of adjacent muscles. It
occurrence of variations of this muscle in Sri Lankanglivided into either three (71.85%) or four parts (28.15%)
inhabitants of the South Asian country. Hence, this studyhich ended in slender tendons to the second, third and forth
was carried out to elucidate the incidence and morphologiaal fifth toes.
features of flexor digitorum brevis muscle in an adult Sri
Lankan population.
DISCUSSION

MATERIAL & METHOD
The present study documents valuable new data on the
anatomical variations of the muscle flexor digitorum brevis
This study was carried out on a total of one hundread an adult Sri Lankan population.
and thirty five apparently healthy human cadavers (81 males
and 54 females) during routine gross anatomy dissections in  Although a wide variety of anatomical variations such
the Department of Anatomy, Faculty of Medicine, Universityas, absence of flexor digitorum brevis slip to a given toe,
of Ruhuna, Galle, Sri Lanka. The cadavers were preserveduiresence of supernumerary slips or its replacement by a slip
10% formalin. The age group of the cadavers varied betweom the long flexor tendon or flexor accessorius have been
48-67 years. reported (Nathan & Globe; Bergman al), the absence of
flexor digitorum brevis tendon slip to the fifth toe was stated
All feet (n = 270) were carefully examined to ensuras the commonest anatomical variation of this muscle (Nathan
the absence of any physical deformities or trauma. DissectioksGlobe; Chaneyet al; Claassen & Wree; Yalgin & Ozan;
of the feet were performed as follows (Romanes, 1986): lloboet al; Becerro de Bengoa Valleg al). It is interesting
longitudinal incision was made on the sole of the foot extendirig note, that the incidence of absence of flexor digitorum brevis
from heel to toes. The planter skin, subcutaneous fat and fasslig to the little toe was reported as 63% (Nathan & Globe),
21% (Bergmaret al), 18% (Yalgin & Ozan) and 100% (Lobo
et al) among different study populations.

The present study reports that flexor digitorum brevis
slip to the little toe was absent in 72% of the study subjects, a
result that further highlights the anatomical variations of flexor
SN digitorum brevis. Such anatomical variations, remind us to
I o 4 appreciate the crucial concept that anatomical diversity and
Fig. 1. Plantar surface of the left foot demonstrating the muscy@riation is a canon of living organisms.

belly of the flexor digitorum brevis (FDB) and its 3 tendons to the However, it is not clear whether these variations
2nd (ii), 3rd (i) and 4th (iv) toes. represent a functional adaptation of the reference populations.
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Phylogenetic considerations suggest that quadratus plantaensfer resulted in a more uniform distribution of stress along
another muscle in the sole of the foot, is becoming bulkighe entire toe. These results confirm that flexor digitorum
implying its significance in human locomotion brevis tendon transfer as an effective treatment option for
(Sooriakumaran & Sivananthan, 2005). Evidence suggests thatients with claw toe deformity (Garcia-Gonzaédzal.,
guadratus plantae functions to resist extension of the to2809).
during the stance phase of locomotion, which serves to increase
the stability of the foot (Sooriakumaran & Sivananthan). Curly toe is a common congenital deformity characterized by
flexion and varus deformity of the inter-phalangeal joints.
The usage of the fifth toe in humans is minimal wheflexor digitorum brevis tendon has also been successfully
compared to the little finger. Further, it has no opposition acti@mployed in the surgical correction of this condition (Tokioka
in humans (Williamst al). Thinking along these lines, it haset al, 2007).
been speculated, that muscles acting on the little toe are
undergoing evolutionary changes (Laki@l). This is further A rotational transfer of a musculocutaneous island flap
supported by the results obtained from an electromyograpltiomprising of the flexor digitorum brevis muscle is considered
investigation of foot muscles that reports, three toe flexoes one of the best procedures currently available for covering
(flexor digitorum longus, flexor digitorum brevis and flexorand reconstructing the weight-bearing area of the heel
accessorius) act together to resist extension of the toes duriRi@rtrampfet al, 1980; Ikutaet al.,1984; Stevensoat al,
the stance phase of locomotion. Despite the large flex@®85; Linet al, 1991). In addition, distal plantar area of the
accessorius in humans, neither it nor the flexor digitorum brevisot has been successfully reconstructed using a flexor
were preferentially recruited over the flexor digitorum longusdigitorum brevis muscle flap based on reverse-flow lateral
for any normal posture or locomotion (Reeseal, 1983).  plantar artery pedicle (Sakai al, 2001). This has important
implications as it is difficult to resurface skin defects of the
Human foot has evolved from a primarily a graspingole because of its unique anatomy.
organ which was essential for efficient arboreal locomotion
and over the course developed to have an elaborate plantar  Taken together, itis clear that a sound knowledge about
aponeurosis, strong plantar ligaments, longitudinal arches, @@ anatomical variations of flexor digitorum brevis will
enlarged musculus flexor accessorius, an adducted (ndaeilitate the outcome of surgical as well as diagnostic imaging
opposable) hallux, a remodeled calcaneocuboid joint, a lobgchniques such as computed tomography and magnetic
tarsus, and shortened toes (Il to V) (Susman, 1983). It servesonance imaging of the foot. Understanding muscle
a dual role in bi-pedal locomotion performing as a mobilarchitecture of the foot may assist in the design of surgical
structure and also as a rigid lever (Williagtsal). Theories procedures such as tendon transfer, biomechanical modeling
about the functions of the foot muscles have centered on theirthe foot, prosthesis design and analysis of foot function.
role in arch support. Arches of the foot are normally maintained
by bones and ligaments. The foot muscles play an important
role in positioning of the forces on the foot in both posturACKNOWLEDGEMENT . The author wishes to
and locomotion (Williamet al). acknowledge Dr. R. Goonathilaka, for helping with the
dissections and Mrs. N. Palahepitiya for technical assistance.
From a clinical standpoint of view, knowledge about
anatomical variations of flexor digitorum brevis has severaI!_AYPERUMA I Variaciones del mascuio fiexor corto de los
Impl.lcat!ons' Claw toe deformity is Ch.ar.aCtenzed b dedos: experie,ncias de anatoriria.J. Morphol., 30(1)337-340,
dorsiflexion of the metatarso-phalangeal joint and plant
flexion of the proximal and distal inter-phalangeal joints (Be-
cerro de Bengoa Vallefet al). Flexor digitorum longus tendon RESUMEN: El musculo flexor corto de los dedos, es un
transfer is considered as the gold standard and transfer of f&culo intrinseco de la planta del pie que frecuentemente presen-
flexor digitorum brevis as an alternative method to treat su¢hvariaciones anatémicas. La variacién mas frecuente es la ausen-
deformities (Becerro de Bengoa Vallejeal). In the correction  cia de tendén destinado al dedo minimo. Desde el punto de vista
of claw or hammer toe deformities, especially in the Secon@j;’nico se utilizan colgajos musculocutaneos del musculo flexor
third, and fourth toes, flexor digitorum brevis tendon has be&R0 de los dedos para la reconstruccion de la region subcalcanea.
successfully transferred to the dorsum of the proximal phalaﬁ\gemas' el tendon del masculo es usado para corregir deformi-
(Becerro de Bengoa Vallejet al). Furthermore, results ades de garray martilio de los .d,edos del pie. A pesar de su im-
. . . portancia, es escasa la informacion acerca de este musculo en la
obtained from a study that compared the b"?”ﬁeCha”' blacion adulta de Sri Lanka. Fueron disecados 135 pies huma-
outcome of these two methods by means of finite-elemefs aparentemente sanos analizandose sus caracteristicas
simulation have shown that, flexor digitorum brevis tendomorfolégicas. Se determind que un 71,85% el tendén para el
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quinto dedo del musculo flexor corto de los dedos estaba auseitathan, H. & Globe, H. Flexor digitorum brevis - anatomical
En todos los casos, ésta se presentaba bilateralmente. El estudiovariations Anat. Anz., 13295-301, 1974.

sefiala la importancia de tener un cabal conocimiento acerca de

las variaciones anatémicas del musculo flexor corto de los dedBgeser, L. A.; Susman, R. L. & Stern, J. T. Jr. Electromyographic
para facilitar tanto las técnicas quirtrgicas, como el diagnostico a studies of the human foot: experimental approaches to hominid
través de imagenlogia del pie. Ademas, un buen conocimiento de evolution.Foot Ankle, 3391-407, 1983.

la arquitectura muscular del pie puede ayudar en el disefio de

protesis y en el andlisis de la funcion del pie Romanes, G. RCunningham’s manual of practical Anatomy,
volume 1: upper and lower limb$5" Ed. Oxford University
PALABRAS CLAVE: Musculo flexor corto de los de- press, 1986.

dos; Variacién anatémica; Cingaleses.

Rosse, C. & Gaddum-RossetHgllinshead’s Textbook of Anatomy
5th Ed. Philadelphia, Lippincott- Raven 1997.
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