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Case Report

Anatomical Variations of Flexor Muscles in Sole
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Introduction  
Human sole anatomy is highly intricate and comprises of various 
muscles, nerves and vessels arranged into 4 layers. Abductor 
hallucis, flexor digitorum brevis, abductor digiti minimi are usually 
reflected in the first layer [1]. The flexor digitorum brevis generally 
originates from calcaneum, divides into four tendons and gets 
inserted on lateral four toes. It is found to have many variations 
in course of its termination. In our case, we found a bilateral 
variation of absence of fourth tendon of flexor digitorum brevis. 
According to the case reported by Isurani Ilayperuma absence 
of FDB tendon to 5th toe was observed in 72% of the study 
subjects. According to a case study by Andrew Bernhard on a 
pool of 60 cadavers, 48% of them lacked FDB tendon to 5th toe. 
The knowledge of variations of flexor digitorum brevis would 
be of immense clinical significance for tendon repair via tendon 
transfer to correct deformities such as claw toe or hammer toe or 
soft tissue reconstruction in foot surgery [2-5]. 

Flexor digitorum longus, flexor digitorum accessorius, lumbricals 
and flexor hallucis longus form the second layer in the sole. The 
flexor digitorum accessorius or quadratus plantae arises from 
calcaneum and gets inserted on the tendon of flexor digitorum 
longus [1]. The knowledge of  high variability of this muscle 
holds a  significant importance to surgeons who perform foot 
reconstructive surgery [6]. We observed a case of non-union of 
both heads of quadratus plantae before it’s insertion onto flexor 
digitorum longus.  

The flexor digitorum longus (FDL) arises from tibia and inserts 
on to the distal phalanges of lateral four toes by dividing into 
four tendons while the flexor hallucis longus (FHL) arises from 
fibula and get inserted onto the distal phalanx of great toe [1]. 
We observed cross connection between the tendons of flexor 
digitorum longus and flexor hallucis longus in both feet.  The 
intertendinous connections between flexor digitorum longus and 
flexor hallucis longus is one of the common variations observed 
in the foot. The author, P Filan had reported such intertendinous 
connection between FHL and FDL in his study [7]. Precise 
knowledge of the anatomy of the crossing of FDL and FHL in 
the plantar foot is essential to facilitate tendon harvesting, reduce 
morbidity and explain possible postoperative functional loss [8]. 
Present case report is a unique combination of variations of flexor 
digitorum brevis, flexor digitorum accessorius, intertendinous 
connections between flexor digitorum longus and flexor hallucis 
longus. Knowledge of such variations is important to radiologists, 
orthopedicians and surgeons. 
 
Case Report  
During routine cadaveric dissection of sole of a 50-year-old 
female cadaver after removing skin and fat and reflecting plantar 
aponeurosis, in first layer we surprisingly found a bilateral variation 
of 3 tendons of flexor digitorum brevis instead of four tendons. 
The fourth tendon of flexor digitorum brevis going to 5th toe is 
missing. The three tendons are inserted onto the sides of middle 
phalanges of second, third and fourth toes. There is no variation 
in nerve supply and is supplied by medial plantar nerve (S1, S2).

ABSTRACT
Variations in the intrinsic muscles of sole are relatively uncommon. There are 18 intrinsic and 4 extrinsic tendons in the sole of foot. These muscles are 
subjected to variations which are usually encountered during surgery or cadaveric dissections. During routine cadaveric dissection we came across a 
combination of variations in sole dissection. There was variation in number of flexor digitorum brevis and variation in the origin of flexor digitorum 
accessorius. The intertendinous connection between flexor digitorum longus and flexor hallucis longus was also observed. The flexor digitorum brevis 
muscle, in particular its fourth slip, has a significant clinical and surgical importance in medical practice. The knowledge of the frequency of flexor digitorum 
brevis fourth slip agenesis and variations in relation to the demographic characteristics of patients is of importance for tendon repair, tendon transfer or 
soft tissue reconstruction in foot surgery. The exact anatomical knowledge of crossing of Flexor Digitorum Longus and Flexor Hallucis Longus in the foot is 
essential to facilitate tendon harvesting with less morbidity and explain possible reasons for postoperative functional loss. The understanding of variations 
of sole muscle is very useful to orthopedic surgeons, radiologists and podiatrists for analyzing foot function and for biomechanical modeling of the foot. 
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As we continued with the dissection in the second layer we 
noticed non-union of medial and lateral head of flexor digitorum 
accessorius during its insertion onto flexor digitorum longus in 
right sole of the cadaver. We observed that medial and lateral 
heads are inserted separately onto flexor digitorum longus. Medial 
head is smaller and inserted on the superficial surface (close to 
1st layer) of tendon of flexor digitorum longus and lateral head 
is larger and inserted on deeper surface of tendon (close to third 
layer). Insertion of both heads are proximal to branching  and on 
lateral side of tendon of flexor digitorum longus. No such variation 
is observed in other sole (unilateral variation). The nerve supply 
was normal and was by lateral plantar nerve (S2, S3). 

As we proceeded with the dissection of third layer we found 
intertendinous connections between flexor digitorum longus 
tendon and flexor hallucis longus tendon at Henry’s knot (where 
flexor digitorum longus crosses the flexor hallucis longus) in 
both the soles. There is a single tendinous slip connecting both 
tendons going proximally to distally from flexor digitorum longus 
to flexor hallucis longus.  Both the muscles are supplied by tibial 
nerve (L4, L5, S1, S2, S3) as described in the general literature.

Discussion  
Numerous anatomical variations of flexor digitorum brevis that 
differed from classical descriptions in anatomy texts are not 
uncommon. In our case absence of tendon of FDB to fifth toes 
without any supernumery slips was observed. Similar variations 
were reported by Kaissar yammine, Jailenne I. Quinones- 
Rodriguez, S W Lobo, Isurani Ilayperuma.  On the contrary, Rajesh 
tangarajan in his article had mentioned that the fourth tendon of 
FDB is replaced by isolated flexor muscle originating from main 
muscle belly before it’s division into tendons. While reviewing 
other articles, it was found that the tendon of FDB to fifth toe 
is replaced by musculotendinous slip arising from FDL. Also, 
sometimes a slip from very thin separated muscle belly originating 
from intermuscular septum as flat fascia under FDB replacing the 
absent tendon of FDB have been reported. The absence of fourth 
tendon of FDB does not affect locomotor functions in human 
much, as compared to chimpanzees or other hominoids. When 
compared to the little finger, the little toe has less function and 
opposition is absent in humans. Hence, we can say that the muscles 
acting on the little toe are undergoing evolutionary changes. The 
action of FDB can be compensated by other long flexors of the 
foot. This could have resulted due to gradual reduction in the 
usage of the little toe as the bipedal posture evolved in. Paralysis 
of flexor digitorum brevis may result in distortion of arches of 
foot. Claw toe instability at the proximal interphalangeal joint 
may be corrected by an FDB tenotomy. Sound knowledge about 
variations in flexor digitorum brevis is useful in tendon transfer 
surgeries of claw toe and hammer toe. The knowledge of variations 
of FDB is also used in soft tissue reconstruction in foot surgery 
and diagnostic imaging for soft tissue of foot to minimize the error 
during treatment. This information is also significant in transfer of 
musculocutaneous flap for heel pad reconstruction. In procedures 
like the Valtin approach, the FDB is used to replace FDL tendon 
that has been shortened and lost its function due to ischemic muscle 
contracture. With this technique, it is possible to restore flexion 
in the patients. Also, the FDB muscle is used as one of the three 
intrinsic foot muscles to cover diabetic foot wounds through local 
flaps for foot reconstruction. This surgical intervention can be 
used for coverage of minor foot defects such as calcaneal defects. 
Curly toe is a common congenital deformity characterized by 
flexion and varus deformity of the inter-phalangeal joints. Flexor 
digitorum brevis tendon has also been used successfully in the 
surgical correction of this condition [2-6, 9-12].  

Flexor digitorum accessorius (FDA) is the muscle of the second 
layer of the sole [1]. Non-union of medial and lateral heads of 
FDA is observed in our case. To the best of our knowledge, no 
similar variation was found in literature search. Other variations 
of insertion of FDA to one of the slips of FDL or FHL had been 
reported. Understanding the high variability of FDA muscle is 
of great importance to surgeons who perform foot reconstructive 
surgery.  Sometimes there may be presence of an accessory 
muscle known as flexor digitorum accessorius longus (FDAL). 
There are many variant types of this accessory muscle. Different 
classifications systems on the variations of FDAL were also 
proposed. The FDAL is intimately related to the neurovascular 
bundle and may abut, compress, or impinge upon the posterior 
tibial and/or lateral plantar nerves.  Accessory muscles of the 
ankle are typically asymptomatic, but can cause pain, compressive 
neuropathy, compartment syndrome, or rigid hind foot deformities, 
and can also mimic soft tissue tumors [13-18]. 

Figure 1: Presence of only three tendons of Flexor Digitorum 
Brevis

Figure 2: Non-union of two Heads of FDA
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Figure 3: Intertendinous Connection between FDL and FHL 

The flexor hallucis longus (FHL) and flexor digitorum longus 
(FDL) tendon are routinely used in reconstructive foot and 
ankle surgery [20]. These tendons show variable intertendinous 
connections while crossing in the chiasma plantare.  

Various classifications of intertendinous connections between 
flexor digitorum longus and flexor hallucis longus have been 
proposed. 

Various classifications of intertendinous connections between 
FDL and FHL:

Table 1: Classification by author: P Flian, Year: 2011 [7]
Types Features  
Type-II The slip from FHL is attached only to FDL tendon for 

2nd toe
Type- II, III The slip from FHL is split and attached to FDL 

tendons for 2nd and 3rd toes 

Our case does not fit into any of these categories as 
intercommunication in the present case is spotted before 
ramification of FDL tendon.

Table 2: Classification by author: Bernard G. Larue. Year: 
2006 [8].
Types Features  
Type-1 Tendinous slip is branched from FHL and inserted 

into FDL  
Type-2 A slip is branched from FHL to 

FDL and another from FDL to FHL or cross 
connections between the tendons  

Type -3  No attachment was found

Our case does not fit into any of the types of this classification 
as in present case report the intercommunication is from FDL to 
FHL tendon.

Table 3: Classification by author: Orhan Berger Year:2018 
[20].
Types Features  
Type-1 One slip from FHL to FDL  
Type-2 Crossed connection between FHL and FDL  
Type -3 One slip from FDL to FHL  
Type-4 No connection 
Type-5 Two slips from FHL to FDL 
Type-6 Two slips from FHL to FDL and one slip from FDL to FHL
Type-7 Two slips from FDL to FHL and one slip from FHL to FDL 

Our case is similar to type -3 variant of this classification.

In some cases, there was an observation that the tendinous slip 
given by FHL to FDL may be proximal or distal to master’s knot 
of Henry. When tried to correlate embryologically, author Masahito 
YAMAMOTO mentioned in his article that FHL and FDL arise from 
the at deep side of navicular bone. Therefore, in the common plate 
in human embryos and fetuses, much or less, some connections 
between tendons seemed to remain even after birth. Tendon transfer 
of the FHL and the FDL is an established procedure for the treatment 
of achilles tendinopathy or tendon rupture. Sometimes this transfer 
is also used in the treatment of tibialis posterior muscle dysfunction, 
posterior foot balancing in neuromuscular foot deformities. These 
interconnections between FHL and FDL have great significance 
in ankle and foot reconstruction surgeries like chronic Achilles 
tendon rupture, posterior tibial tendon Dysfunction (PTTD) and 
peroneal tendon rupture. As described by Srinivas Rao et al 
among both the flexor tendons FHL tendon is frequently used in 
the treatment of chronic Achilles tendinopathy, whereas Posterior 
tibial tendon deficiency (PTTD) is frequently treated with FDL 
tendon graft transfer along with associated bony procedures. The 
variable intertendinous connections between the flexor tendons 
while crossing the chiasma plantarae can complicate harvesting of 
tendons. Surgical debridement of the Achilles tendon with transfer 
of FHL tendon has shown significant improvement in Achilles 
tendon functioning and reduction of pain in the patients and even 
Post-operative functional loss of FHL tendon even after the transfer 
is minimal. The exact anatomical knowledge of crossing of FDL and 
FHL in the foot is essential to facilitate tendon harvesting with less 
morbidity and explain possible reasons for postoperative functional 
loss. The restoration of function of a deficient tibialis posterior 
tendon in stage II adult acquired flat foot deformity (AAFD) is 
often attained by tendon transfers of FHL and FDL [7, 8, 21-29].  

Conclusion 
Variations in sole are not uncommon. The FDB muscle is used 
as one of the intrinsic foot muscles to cover diabetic foot wounds 
through local flaps for foot reconstruction. The knowledge of 
variations in flexor digitorum brevis is useful in tendon transfer 
surgeries of claw toe and hammer toe. Information of crossing of 
FDL and FHL in the foot is essential to facilitate tendon harvesting 
with less morbidity. The anatomical knowledge of variations of sole 
muscle is very important to orthopedic surgeons, radiologists and 
podiatrists for analyzing foot function, biomechanical modeling 
of the foot and prosthesis designing. 
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