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INTRODUCTION

The long tendons in the dorsum of  foot, from lateral to 
medial, are fibularis tertius, extensor digitorum longus 
(EDL), extensor hallucis longus (EHL), and tibialis anterior. 
Deep to these long extensors, extensor digitorum brevis 
(EDB) muscle is present which gives a slip to the great 
toe, named as extensor hallucis brevis (EHB) and three 
small slips to second, third, and fourth toe, respectively. 
Normally, tendons of  the brevis muscle merge distally with 
long extensor tendons from their lateral side.1

Variations in normal anatomy of  the foot mostly represent 
developmental abnormalities such as, primitive tendon 
plate to develop EHL may give 2–3 separate slips2 and 

variations of  EDL can occur during 5th week of  intrauterine 
life.3 During ontogenesis of  muscular pattern in EDB 
muscle, accessory heads of  the muscle fasciculi might 
result in supernumerary tendon of  the muscle.4 These 
variations manifest as painful foot on some occasions due 
to impingement of  the surrounding structures.5

Although various studies have already been conducted 
representing the variations in extensor tendons of  foot,6-

15 the variations found in our study are rare and have not 
been previously reported in the literature. Description of  
tendons in foot is prerequisite for the surgeons to decide 
for suitable graft in various reconstructive surgeries and for 
the analysis of  injuries in tendons.16 The purpose of  this 
study is to further enhance the knowledge of  variations 
in extensor tendons of  foot and its clinical implications.
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Aims and objectives
Aim of  the study was to ascertain the anatomical features 
of  extensor tendons in cadavers. Objectives were focused 
on finding of  possible variations according to the number 
and differences in insertions of  accessory tendons and 
adding the knowledge to already classified variations in 
the literature. 

MATERIALS AND METHODS

The study was conducted in the department of  Anatomy, 
King George’s Medical University, Lucknow, India. The 
lower limbs of  eight embalmed cadavers were studied 
during routine dissection for medical graduates. No 
indications of  damage or deformation on either right/
left foot of  any cadaver were seen. Dorsum of  foot of  all 
the cadavers was neatly dissected and proximal and distal 
attachments of  extensor muscles were precisely explored. 
Three unilateral variations in extensor tendons of  foot 
were recorded and photographed.

Observations
Case I
Presence of  the bifurcated EHL tendon was noticed in 
the right foot of  63-year-old female cadaver. The deep 
fascia of  the anterior leg was meticulously split, and the 
extensor retinaculum was explored. Individual muscles 
and tendons were observed from top to the bottom. 
Originating from the middle portion of  the anterior 
surface of  the fibula and the interosseous membrane, 
the EHL tendon was discovered to be divided into 
two slips (medial and lateral) before reaching the first 
metatarsal base. On further dissection, it was seen that 
the medial slip formed the extensor tendon of  great toe, 
while the lateral slip emerged as the extensor tendon 
of  2nd toe. The EDL tendon divided to give extensor 
tendons of  3rd, 4th, and 5th toe. As a customary finding, 
EHL muscle was innervated by deep peroneal nerve 
(Figure 1a and b).

Case II
The exploration of  anterior compartment of  leg and 
dorsum of  foot of  a 62-year-old male cadaver, unveiled an 
unusual variant involving the EDL tendon of  the 4th toe. 
A lateral slip (4A) and a medial slip (4C) along with its main 
tendon (4B) was noticed (Figures 2a and 3c); lateral slip 
(4A) was merged with 4th tendon of  EDB muscle to join 
distally with main tendon (4B) of  the 4th toe (Figures 2b and 
3c), and medial slip (4C) had lateral and medial divisions. 
The lateral division of  the medial slip of  EDL tendon of  
4th toe (4C-L) was merged with 4B (Figure 3a and c), while 
the medial division (4C-M) was merged first with EDB 
tendon of  3rd toe to join distally with the EDL tendon of  
3rd toe (Figure 3b and c).

Case III
A bifurcated EHB tendon was observed in the right foot 
of  a 71-year-old male cadaver. Main EDB muscle was seen 
to be arising from dorsal surface of  calcaneus and traced 
distally to notice the EHB and other slips for middle 3 toes. 
Further, on doing finer dissection and understanding the 
surrounding structures, it was found that great toe and 2nd toe 
were receiving the brevis tendon from EHB muscle. It was 
observed that EDL tendon of  2nd toe was receiving brevis 
tendon both from medial and lateral side (Figure 4a and b).

Figure 1: (a) Cadaveric image showing a bifurcation of extensor hallucis 
longus (EHL) muscle. Numbers 1 and 2 are long extensor tendons of 
great toe and 2nd toe, coming from EHL muscle. Numbers 3, 4, and 5 
are long extensor tendons of 3rd, 4th and 5th toe, coming from extensor 
digitorum longus (EDL) muscle. (b) Schematic drawing of EHL muscle 
bifurcation and long extensors of EDL muscle for 3rd, 4th, and 5th toe

a b

Figure 2: (a) Cadaveric image showing the extensor digitorum longus 
(EDL) tendon. Numbers 1, 2, 3, 4, and 5 are the long tendons of all 
the 5 toes, respectively. 4A and 4C are lateral and medial slips of 
main tendon (4B) of the 4th toe. (b) The lateral slip (4A) merged with 
4th tendon of extensor digitorum brevis (EDB) muscle to join distally 
with main tendon (4B) for the 4th toe, shown by distal two arrows and 
asterisk (*) mark

a b
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DISCUSSION

To undertake tendinoplasty, tendon transfer, or resection 
procedures on the foot, plastic, and orthopedic surgeons 
must be aware of  the altered forms of  extensor tendons 

of  the foot. Many studies are documented to show 
multiple muscular variations, unilateral, or bilateral, in 
extensors of  foot in cadavers.6-15 In the present study, 
bifurcation of  EHL tendon was having medial and lateral 
slips. Medial slip was the main extensor tendon of  great 
toe, whereas lateral slip was extensor tendon of  2nd toe. 
Accessory tendons of  EHL muscle has been found 
in multiple studies with variable representations.11,17,18 
Structure and function of  the accessory tendons of  EHL 
were described to suggest the novel treatments of  hallux 
valgus deformity.2 An idea of  classification of  different 
patterns of  EHL tendon had been offered according 
to the numbers of  accessory tendons and their distal 
insertions. Awareness of  these types of  variations is 
useful in the lower limb surgeries of  the patients having 
hallux deformity.11,14

Shikha et al. found a bifurcated tendon of  EHL, showing 
its insertion on terminal and proximal phalanx of  great 
toe,15 unlike our study. In a review literature, for the 
classification of  EHL tendon variations, none of  the 
type described the findings of  our study.19 A systematic 
classification of  EHL tendon is essential to plan various 
other surgical interventions on foot and ankle region. 
Some morphological variations denote alteration in 
phylogenetic development of  the structures attributing 
to incomplete evolution of  the muscle.9 Extensors in the 
ankle require quick diagnosis and treatment to prevent 
impending deformities after ankle trauma. Additional bands 
of  extensor tendons, functionally, are useful to maintain 
normal functions of  the muscle even after injury of  the 
tendon.17

Figure 4: (a) Cadaveric image showing the bifurcation of extensor 
hallucis brevis (EHB). Number 1 is brevis tendon for great toe. Numbers 
2 and 3 are the brevis tendon of second toe in both lateral and medial 
side of extensor digitorum longus (EDL) tendon of 2nd toe. (b) Schematic 
drawing of EHB tendons; number 1 for the great toe, numbers 2 and 
3 for the second toe in both lateral and medial side of EDL tendon

a b

Figure 3: The medial slip (4C) of extensor digitorum longus (EDL) tendon (marked as number 4) for the 4th toe, further gave lateral (4C-L) and 
medial (4C-M) divisions. (a) The lateral division (4C-L) merged with EDL of 4th Toe (4B). (b) The medial division (4C-M) merged first with extensor 
digitorum brevis (EDB) tendon of 3rd toe to distally join the main EDL tendon of the 3rd toe. (c) Schematic drawing of EDL tendon of 4th toe; lateral 
slip (4A) merging with EDB of 4th toe to join distally with EDL of 4th toe (4B), medial slip (4C) gives lateral division (4C-L) merging EDL of 4th toe 
(4B), and medial division (4C-M) merging EDB tendon of 3rd toe to join distally with EDL tendon of 3rd toe

a b c
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Understanding of  the variations should be a part of  clinician’s 
daily practices and can be used to modify methods of  surgeries 
in future.17 EDL tendon was seen to give tendon of  3rd, 4th, 
and 5th toe and the lateral slip of  EHL tendon was replacing 
the tendon of  EDL of  2nd toe in our observation. This feature 
can be missed by surgeons to confuse it by EDL tendon due 
to its insertion on the 2nd toe. In the absence of  substantiating 
studies, still it is believed that variations of  EHL can predispose 
damage in the foot. In tendon transfer surgeries, EHL is 
used to correct hallux and equinovarus deformities. It shows 
usefulness of  the information to prevent confusion and 
mistakes in surgeries. Special emphasis is needed to understand 
the different types of  variable extensor muscle tendons and 
their incidence for the surgeons. Preoperative diagnostic 
ultrasonography, for the identification of  EHL variations and 
their relations with surrounding structures, improve the whole 
operative procedure and outcome.12

EDL muscle works in the long stride and slow walking of  
an individual along with its main use in the gait cycle.9 The 
unique presentation of  EDL tendon, having multiple slips 
and their distal merging with the long tendons and brevis 
tendons both medially and laterally, was seen in our study. 
Thin and week insertions of  EDL muscle might affect its 
function during walking.9 Kamaşak et al. found double tendon 
of  EDL in an 80-year-old cadaver, one medial and accessory 
lateral tendon. Medial tendon was further divided distally to 
give long extensor tendons of  second and third toe, whereas 
lateral accessory tendon gave extensor slips to fourth and 
fifth toe.8 Abhinitha et al. observed only three slips of  EDL 
tendon for second, third, and fourth toes in a 55-year-old 
female cadaver.9 There was absence of  EDL muscle and 
tendon on the right side along with a small tendon of  EDL 
on the left side for fifth toe in a study of  Newton.20

Contractures of  EDL are of  special concern for the clinicians. 
In correction of  the foot deformities this muscle is used, 
especially in tarsometatarsal surgeries. Transferred tendon 
is sutured on the main tendon before the origin of  small 
slips by surgeons to restore the function of  toe extension 
in case of  foot drop.9 Variations of  EDL muscle can affect 
dorsiflexion of  toes and movements in the ankle. Initial 
contact phase along with the midstance and swing of  the gait 
cycle may also get restricted. Accessory tendon slips can be 
used in replacement of  damaged tendons,8 tendon-Achilles, 
and lateral ankle ligaments’ reconstruction by the surgeons.3

A thin EDB muscle arising from the calcaneum, giving 
small tendon slips of  EHB and three more to medial four 
toes, was of  little clinical importance till recently. EDB was 
first reported to be used as free flap in 1977, after which this 
muscle gets special consideration for the use in different 
plastic and reconstructive surgeries.4,21 The present case 
depicted distal merging of  accessory tendon of  EHB muscle 

with the tendon of  EDL of  the second toe on the medial side 
of  EDL. Second toe thus received the tendon of  EDB muscle 
both from lateral and medial side. Similar findings were seen 
in the second toe of  a 55-year-old cadaver by Sirasanagandla 
et al.3 Accessory tendons from EHB muscle has already 
been seen with innervation of  the branches coming from 
deep peroneal nerve.10,22 A long tendon of  accessory EDB 
muscle inserting on the proximal phalanx of  the fifth toe was 
observed in a 75-year-old cadaver in Turkey.13

Orthopedic surgeons use EDB for surgical treatment of  
ankle instability. In plastic surgeries, microvascular grafting 
of  EDB has been used in some cases of  long-standing 
facial nerve palsy. Awareness of  arterial supply and nerve 
innervation of  these variations and pre-operative Doppler 
studies are becoming prerequisite for using the muscles 
in different reconstructive procedures.21 Main extensors 
of  toes are long extensors of  the foot due to which EDB 
can be used to correct toe and ankle deformities without 
compromising extension of  the toes.3 Island flap and free 
flap are some other uses of  EDB muscle for the treatment 
of  soft tissue defects in ankle and foot.4

Limitations of study
Several limitations have been noted in the study  - first, 
number of  cases having tendon variations were less 
to ascertain any significant statistical test. Second, 
measurements or morphometry are not taken and study was 
focused only on the morphology of  the extensor tendons. 
Third, there was no significant association described 
between the gender and variability of  toe extensors.

CONCLUSION

Variations of  the tendinous slips of  long and short muscles 
on dorsum of  foot are less studied until recently. There 
variable origins, insertions, and innervations are becoming 
more important for the clinicians, plastic surgeons, and 
orthopedic surgeons. They help in selection of  accessory 
tendons for tendon transfer surgeries. Abnormal patterns 
of  extensor tendon insertions in the foot may interfere 
with the normal functioning of  the muscles. These types of  
findings should be reported generously so that the horizon 
of  such variations will be increased and would be of  great 
help to plastic and orthopedic surgeons.
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