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Background: The aim of this study was to elucidate the morphological charac-
teristics of the muscle bundles of the flexor digitorum superficialis (FDS) attached 
to the intermuscular aponeurosis (IMA) and any related structure that could 
potentially compress the ulnar nerve.
Materials and methods: Fifty embalmed limbs of 34 adult cadavers were studied.
Results: The FDS arose as multiple separate bundles from the IMA of the lateral 
surface of the flexor carpi ulnaris in 76% of specimens. Below their origin, these 
separate bundles became attached continuously as a single mass to form the 
muscle belly. There were 1, 2, 3, 4 and 5 arising FDS muscle bundles in 28%, 
30%, 4%, 10% and 4% of specimens, respectively. The muscle bundles were 
attached either only superficially (24% of cases) or across the entire width (20% 
of cases) of the IMA. In 32% of the specimens, bundles arose from the IMA in 
a combined fashion, being attached to the IMA superficially, deep and across 
the entire structure. The muscle bundles that arose from the deep part or entire 
width of the IMA were in contact with the ulnar nerve in 52% of specimens. In 
11 (22%) specimens, the deep borders of the lowest muscle bundles close to the 
ulnar nerve were composed of tendinous fibres that divided from the IMA of the 
lateral surface of the flexor carpi ulnaris. The distance from the medial epicondyle 
to the lowest point of the FDS arising from the IMA was 62.0 ± 19.7 mm.
Conclusions: The thick tendinous deep border of the lowest muscle bundle of the 
FDS where it attaches to the IMA is a potential cause of ulnar nerve compression. 
(Folia Morphol 2015; 74, 4: 434–438)
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INTRODUCTION
The humeroulnar head of the flexor digitorum 

superficialis (FDS) arises from the medial epicondyle, 
the ulnar collateral ligament, the adjacent intermu-
scular septa and the coronoid process [4, 18, 19]. The 
muscular parts originating from the intermuscular 
septum, which comprises the aponeurosis between 
the FDS and the flexor carpi ulnaris (FCU), appear as 
a single mass, but when pulling the FCU medially, 

the lower part of the FDS usually forms separate 
muscle bundles.

The ulnar nerve enters the forearm between the 
two heads of origin of the FCU and descends to the 
flexor digitorum profundus, covered by the FCU in the 
upper part of the forearm [4, 19, 23]. In the lower 
forearm, the ulnar nerve rests on the flexor digito-
rum profundus between the FCU and the FDS [3].  
Ulnar nerve compression occurs commonly in the 
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cubital tunnel, but also (although rarely) in the region 
of the upper forearm below the cubital tunnel [9]. 
The structures thought to be responsible for ulnar 
nerve compression below the cubital tunnel are the 
muscular fascia under the FCU [20] and the intermu-
scular aponeurosis (IMA) between the FCU and the 
FDS [2, 5]. The muscle bundles of the FDS attached 
to the IMA between the FCU and the FDS reportedly 
create a muscle tunnel over the ulnar nerve [13]. The 
muscle bundle overlying the ulnar nerve may cause 
compressive neuropathy [7, 22].

The aim of this study was to elucidate the mor
phological characteristics of the muscle bundles of 
the FDS attached to the IMA and any related structure 
that could potentially compress the ulnar nerve.

MATERIALS AND METHODS
Fifty embalmed limbs of 34 adult cadavers (19 ma- 

les, 15 females; mean age, 79.7 years; age range, 
46–94 years) were studied. Both sides of 16 of these 
cadavers were used, and the same numbers of right 
and left sides were examined (n = 25). The FDS and 
FCU muscles were exposed after removing the ante-
brachial fascia, and the parts of the FDS attached to 
the IMA that pull the FCU medially were examined. 
All distances were measured as vertical lines from the 
medial epicondyle of the humerus. Chi-square test 

was used to compare the incidences related with the 
morphologic variations of the separate bundles of 
FDS between two genders and between left and right 
sides, with a statistical significance level of p < 0.05.

RESULTS
The FDS arose as multiple separate bundles from 

the IMA of the lateral surface of the FCU in 76% of 
specimens; the bundles merged below their origin to 
become a single mass, forming the muscle belly (Fig. 1).  
The number of FDS muscle bundles varied from 1 to 
5, with 1, 2, 3, 4 and 5 bundles being found in 28%, 
30%, 4%, 10% and 4% of specimens, respectively. The 
muscle bundles arose either superficially (total 24%; 
male 16%; female 8%) or across the entire width of the 
IMA (total 20%; male 16%; female 4%; Fig. 2). In 32% 
of the specimens, the bundles arose from the IMA in 
a combined fashion: superficially and across the entire 
IMA (total 8%; male 6%; female 2%), superficially and 
deep (only female 6%), deep and across the entire IMA 
(total 10%; male 8%; female 2%), and superficially, 
deep and across the entire IMA (total 8%; male 2%; 
female 6%). The muscle bundles that arose from the 
deep part or entire width of the IMA were in contact 
with the ulnar nerve (52% of cases; Figs. 2, 3). The deep 
borders of the proximal muscle bundles consisted of the 
fleshy muscle belly, whereas those of the lowest muscle 

Figure 1. The flexor digitorum superficialis (FDS) originating from the intermuscular aponeurosis (IMA). The FDS is shown arising as a single, 
continuous muscle belly mass (A), and as two (B) and four (C) muscle bundles attached to the IMA. Arrowheads indicate the lower border  
of the FDS arising from the IMA as a continuous muscle belly. Arrows indicate the separate muscle bundles of the FDS from the IMA;  
FCU — flexor carpi ulnaris; FCR — flexor carpi radialis; FDP — flexor digitorum profundus; MP — medial epicondyle; PL — palmaris longus; 
UN — ulnar nerve.
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Figure 2. The muscle bundles of the flexor digitorum superficialis (FDS) attached to different parts of the intermuscular aponeurosis (IMA);  
A. Two bundles of the FDS attached separately to the deep (black arrow) and superficial (white arrow) parts of the IMA; B. The muscle bundle in 
this specimen is attached only to the superficial part of the IMA. The asterisk indicates the IMA; HH — humeral head of the flexor carpi ulnaris; 
PT — pronator teres; rest abbreviations as in Figure 1.

Figure 3. Tendinous fibres of the deep border of the flexor digitorum superficialis muscle bundle. The tendinous deep border (arrows) of the 
lowest bundle is observed attached across the entire (A) and deep (B) parts of the intermuscular aponeurosis (asterisks), crossed over the 
ulnar nerve; PT — pronator teres; abbreviations as in Figures 1 and 2.
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bundles close to the ulnar nerve were composed of the 
tendinous fibres that were divided from the IMA of 
the lateral surface of the FCU (n = 11 specimens, 22%; 
Fig. 3). These tendinous fibres were observed mainly 
in the bundles arising across the entire width of the 
IMA (16%), but in rare cases were also found in those 
arising from the deep (4%) and superficial (2%) parts 
of the IMA. And these tendinous fibres were more fre-
quently observed in right side than in left side, which 
were statistically significant (p < 0.05). All except one 
of the separate muscle bundles from the IMA continued 
to the ring finger (Fig. 4). In one specimen, the lowest 
muscle bundle formed the proximal belly of the little 
finger, and joined the distal belly that originated from 
the intermediate tendon (Fig. 4). The distances between 
the medial epicondyle of the humerus to the styloid 
process of the ulna and to the lowest point of the FDS 
arising from the IMA were 241.8 ± 15.8 mm (mean ± 
± standard deviation) and 62.0 ± 19.7 mm, respectively.

DISCUSSION
Multiple muscle bundles of the FDS arising  

from the IMA between the FDS and FCU have 

been reported previously in 4 of 12 limbs, 
with these bundles overlying the ulnar nerve 
[13]. In the present study, there were between  
1 and 5 separate FDS bundles in 76% of 50 limbs.  
Among these, the muscle bundles were overlying the 
ulnar nerve in 52% of the specimens. In all except  
1 case, these bundles continued to the tendon of the 
ring finger (Fig. 4); in 1 limb, the FDS muscle belly 
of the little finger originated from the intermediate 
tendon attached to the medial epicondyle [1], and 
the belly attached to the IMA that crossed the ulnar 
nerve obliquely.

The muscles thought to be associated with ulnar 
nerve compression have been the hypertrophied medial 
head of the triceps brachii [17], and anomalous muscles 
such as the anconeus epitrochlearis and the anconeus 
epimedialis muscles [6, 8, 15] at the elbow, and a hy-
pertrophied FCU in the lower part of the forearm [11]. 
Nonhypertrophied anomalous muscle bands that crossed 
the ulnar nerve were also found to cause compressive 
neuropathy around the wrist [16, 22]. It has been sug-
gested that these anomalous muscle bands found in 
cadavers could compress the ulnar nerve in vivo [7, 12].

Figure 4. The flexor digitorum superficialis (FDS) muscle bundles continued to the ring finger tendon (A) and to the little finger (B, asterisk). 
Arrowheads indicate the lower border of the FDS arising from the intermuscular aponeurosis (IMA) as a continuous muscle belly. Black  
arrows indicate the separate muscle bundles of the FDS from the IMA. The white arrow indicates the intermediate tendon; UA — ulnar artery; 
rest abbreviations as in Figure 1.
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Nerve compression occurs when pressure is exer-
ted on a nerve trapped between unyielding structures  
in fibro-osseous canals such as the cubital or ulnar  
tunnel [14]. Compressive neuropathies caused by 
muscle may be attributable to hypertrophy of the 
normal muscle, crossing of a muscle band over  
a nerve, and the tendinous band from normal or 
anomalous muscles. Nerve compression thus appears 
to be due to several factors, including the size of the 
anomalous muscle, its oblique course, its thickened 
posterior fascia and the spatial constraints imposed 
by the underlying bone [21].

The muscle bundles of the FDS attached to the 
deep or entire width of the IMA between the FDS and 
FCU crossed obliquely and were contact with the ulnar 
nerve on the flexor digitorum profundus muscle in 
some specimens (Fig. 3). The deep border of the lo-
west bundle was composed of the tendinous fibres in 
22% and was closely contiguous with the ulnar nerve. 
It has been proposed that the IMA between the FDS 
and FCU could cause persistent symptoms following 
surgical release in cubital tunnel syndrome, and be 
the site of ulnar neuropathy at the elbow [2, 5, 10]. 

CONCLUSIONS
The thick tendinous deep border of the lowest 

muscle bundle of the FDS attached to the IMA may 
potentially compress the ulnar nerve.
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