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Abstract 
The 1st layer of the foot sole contains 3 muscles: Abductor hallucis, Flexor digitorum brevis (FDB), and Abductor digiti minimi. 
The FDB lies lateral to abductor hallucis. The central portion of plantar aponeurosis (PA) lies below FDB. FDB belly arises 
from medial process of calcanean tuberosity, the PA, and intermuscular septa (medial and Lateral). 
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Introduction 

After origin FDB muscle belly divided into 4 parts, 
each part continues as a slender tendon. At the 
proximal phalanx base, each tendon bifurcates into 2 
slips and the corresponding FDL tendon passes 
through this bifurcation to enter the fibrous flexor 
sheath of the toe. These two slips curve over the sides 
of the FDL tendon; reunite and partially decussate to 
form a tunnel. The tendon of FDL passes through this 
tunnel up to the distal phalanx base and attaches 
there. FDB tendon divides again and attaches to sides 
of middle phalanx shaft. The medial plantar nerve 
innervates the FDB muscle. FDB act on the 
metatarsophalangeal (MP) joints and proximal 
interphalangeal (IP) joints and also helps to reinforce 
the foot arches [1, 2]. 
FDB muscle develops from the somatic mesoderm. 
Various studies reported variation in FDB especially 
the absence of its 4th tendon (for little toe) and the 
variation frequencies vary in different populations. 
Reported variations vary in cadaveric studies from 
reports of radiological or surgical studies. Ilayperuma 
studied morphological features of FDB muscle on 270 
soles of 135 (81 males and 54 females) healthy adult 
embalmed Sri Lankan cadavers and found the 
bilateral absence of the 4th tendon of FDB in 134 
limbs of 67 cadavers (Incidence - 71.85%) 
[3]. Lobo SW and colleagues reported the absence of 
the 4th tendon (tendon for little toe) of FDB in all 60 
soles of 30 (20 males and 10 females) adult embalmed 
Napalese cadavers [4]. 
Clinically, the mayo-cutaneous flap of FDB is used to 
reconstruct heel soft tissue due to its nearby position, 
good recovery of skin sensation, and weight-bearing 
function [5]. For the claw toe/ hammer toe deformity 

correction, FDB tendon transfer via the 
intramedullary approach is possible [6]. 
FDB paralysis leads to distortion of the arches of the 
foot [7]. FDB variation can lead to altered foot 
biomechanics, foot pain, stiffness, mobility-related 
dysfunction, and hammertoe or claw- toe-like toe 
deformities. Understanding foot muscle architecture 
and their variations may improve surgical outcomes as 
well as foot diagnostic imaging techniques, and assist 
in prosthesis designing and foot function analysis [3]. 
The present case report reports anatomical variation of 
FDB of muscle, observed during routine cadaveric 
dissection at the Anatomy dissection hall. 
 

Methods 

Present case report was observed during a routine 
cadaver dissection for undergraduate medical students 
at the Anatomy Department, Himalayan Institute of 
Medical Sciences (HIMS), Swami Rama Himalayan 
University (SRHU), Dehradun, Uttarakhand. 
Because this was a routine dissection so exempted 
from permission from Institutional Ethical 
Committee. Written informed consent was also 
waived. Two feet (1 Right and 1 Left feet) soles of 
embalmed (with 10% formalin) adult male cadaver 
were studied. The cadaver was about 60 years old. 
Cause of death, Clinical history, and family history 
was not available. 
Dissection of the feet was performed as follows: A 
longitudinal incision was made on the sole extending 
from the heel to the middle toe. The planter skin and 
superficial fascia of the sole were carefully stripped 
from the plantar aponeurosis (deep fascia) with a 
knife. The plantar aponeurosis was cut across 2-3 cm 
in front of the heel. Reflect plantar aponeurosis away 
from the underlying FDB, abductor hallucis, and 
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abductor digiti minimi. Cut the fibrous flexor sheath 
longitudinally and follow the tendons of FDB and 
FDL up to its insertion. 2nd layer of sole muscles of 
both feet of cadaver also examined after detaching 
and reflecting FDB. 
 

Results 

In the present case report three variations in FDB 
muscle were found in the right foot sole. These 
variations are-1st variation - After origin, from the 
medial process of the calcaneal tuberosity, PA, and 

intermuscular septum (medial and Lateral) FDB 
muscle belly divides into 3 parts. There was the 
absence of the 4th part which continues as the tendon 
for the 5th (little) toe. The medial part continues as 
thin fascia for the second toe that was attached to the 
nearby fascial tissue. The remaining two lateral parts 
continue as well-formed slender tendons for the 3rd 
and 4th toes. Each of these tendons bifurcates and 
enters into the fibrous flexor sheath of the 3rd & 4th 
toe with the FDL tendon (Figure 1). 

 

 
Figure 1: Flexor Digitorum Brevis (FDB) of right Foot showing three parts from its distal end. From 1st part only a fascia 

arises. From 2nd and 3rd part tendon arise for the 3rd and 4th toe. 
 

2nd variation – For the 2nd toe there was the presence 
of a well-developed long tendon arising from a 
separate well-developed small muscle belly attached to 
the medial tubercle of calcanean tuberosity just 
beneath the muscle belly of FDB. This tendon was 
about two times longer than the tendons of the FDB 

muscle. This tendon bifurcates into two slips at 2nd toe 
proximal phalanx base. The tendon of FDL passes 
through these two slips and then enters into the 
fibrous flexor sheath of the 2nd toe. These slips further 
unite and split and attach to both sides of the middle 
phalanx of the second toe. (Figure 2). 

 

 
Figure 2: Right foot sole after reflecting the FDB showing the muscle and its long tendon which replace FDB tendon for the 

2nd toe. 
 

3rd variation-There was the presence of a muscle arising 
from the lateral intermuscular septum and fascial 
tissue; compensating the 4th part and 4th tendon of 
FDB muscle. This tendon bifurcates into 2 slips 

through which the corresponding tendon of FDL 
passes and then enters into the fibrous flexor sheath 
of the little toe and inserts on both sides of the middle 
phalanx of the little toe (Figure 3). 
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Figure 3: Right foot sole showing the muscle belly with tendon which replace the 4th part and tendon of FDB muscle for 

little (5th) toe. 
 

The FDB muscle of the left foot sole of the same 
cadaver follow the normal description as given in 
anatomy textbooks. 
 

Discussion 

In the present case report, the variation was found 
only in the right foot. The left foot had normal FDB. 
The found variation was - there was a very thin fascia 
arising from the first part of the FDB muscle for the 
second toe which did not reach up to the proximal 
phalanx base of 2nd toe but ended after attaching to 
the nearby fascial tissue. The FDB tendon for the 2nd 
toe was compensated by the well-developed small 
muscle belly with a long tendon. This muscle arises 
from the medial tubercle of the calcaneum and lies in 
the central part of the foot sole in between the 1st and 
2nd muscle layer of the sole. There was an absence of 
4th part & 4th tendon of FDB meant for the little (5th) 
toe. This tendon was also compensated by a separate 
muscle & its tendon. This muscle appeared to take 
origin from the lateral intermuscular septum, and 
fascial tissue. 
Previous studies also reported anatomical variations 
in the form of absent FDB tendon that is replaced or 
compensated by separate muscle. Bergmann reported 
that a small tendon replaces the missing fifth toe 
tendon of FDB (8). A study reported an atrophied 4th 
tendon of FDB in the left foot and an absent 4th 
tendon of FDB in the right foot of a 75-year-old male 
cadaver [9]. 
Bulent Yalcin found that out of 33 feet, the FDB 
muscle of 18 feet differed from the classical 
description. In 12 feet there was small muscle belly for 
the 5th toe and in 6 feet it was missing. In 1 cadaver 
(female), left foot FDB was formed by superficial & 
deep head and has 3 muscle bellies and 4 tendons. In 
right foot, a separate very thin muscle belly for 5th toe 

originated from intermuscular septum as a flat fascia 
under FDB [10]. 
Tendon variation can occur genetically, 
developmental anomaly, or an evolutionary impact. 
FDB tendon variations are diagnosed by the help of 
CT and MRI. FDB variations are clinically important 
because FDB is used in the heel pad, tendoachillis, 
medial malleolus, and lateral malleolus soft tissue 
reconstruction. FDB tendon are used in the 
correction of congenital deformities [11]. 
Due to bipedal walking, in humans, the FDB muscle 
along with intrinsic muscles of sole help in support of 
longitudinal arch and postural control, contribute to 
stiffening the MP joints during walking or running. 
FDB muscle helps FDL muscle in plantarflexion of 2nd 
to 5th toe. Studies showed that toe plantarflexion and 
foot stability during gait were not affected by 
removing FDB tendon for corrective 
clawtoe/hammer toe deformities. Most authors said 
that variations of the 4th tendon of FDB may be due 
to degenerative change or an evolutionary adaptation 
as being more peripheral and no need for opposition 
action the muscles of the little toe of the foot regress 
because of less function, less use the muscles [12]. 
However, the present case report showed that a 
separate muscle with its tendon compensates for the 
absent fourth part and fourth tendon of the FDB 
muscle. This indicates that the present variation may 
be a developmental deficiency of the fourth part of 
FDB. However, this deficiency is compensated by the 
development of separate muscle and tendon. 
For an anatomist, variations of the sole muscles is 
important for enhanced education of foot anatomy. 
Variation documentation promotes a deeper 
understanding of foot anatomy, updates the online 
resources, anatomy textbooks, and atlases; helps 
radiologists in their reporting; may assist in foot 
function analysis, accurate diagnosis, and effective 
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surgical management of tendon transfer, prosthesis 
designing, and biomechanical foot modelling. 
Physical medicine and rehabilitation specialists, and 
podiatrists can develop effective treatment plans for 
patients with foot disorders or injuries which reduce 
complications and improve patient outcomes. It also 
facilitates collaboration among educators, researchers, 
clinicians, and educators [12]. 
 

Conclusion 

The present case report gave knowledge about the 
variations found in the structure of the FDB muscle. 
In this case report, FDB in the right foot sole of one 
cadaver although there was a less developed tendon 
for the second toe and an absent tendon for the little 
toe but these were compensated by separate muscles 
and their tendons which follow the normal 
description as given in anatomical textbooks for FDB. 
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