
Folia Morphol. 
 Vol. 77, No. 2, pp. 362–370

DOI: 10.5603/FM.a2017.0083 
Copyright © 2018 Via Medica

ISSN 0015–5659 
www.fm.viamedica.pl

O R I G I N A L    A R T I C L E

362

Development of digastric muscles in human  
foetuses: a review and findings in the flexor  
digitorum superficialis muscle
J.F. Rodríguez-Vázquez1, Z.W. Jin2, P. Zhao2, G. Murakami1, 3, X.W. Li4, Y. Jin4

1Department of Anatomy and Human Embryology, Institute of Embryology, Faculty of Medicine,  
Complutense University, Madrid, Spain 
2Department of Anatomy, Wuxi School of Medicine, Jiangnan University, Wuxi, China 
3Division of Internal Medicine, Iwamizawa Asuka Hospital, Iwamizawa, Japan 
4Department of Anatomy, Histology and Embryology, Yanbian University Medical College, Yanji, China

[Received: 13 June 2017; Accepted: 2 August 2017]

The digastricus and omohyoideus muscles are digastric muscles with two muscle 
bellies. An insertion tendon of the posterior belly becomes an intermediate tendon 
in digastricus muscles, whereas a single band-like muscle in omohyoideus muscles 
may later be interrupted by an intermediate tendon, possibly due to muscle cell 
death caused by mechanical stress. In human foetuses, an intermediate tendon 
provides the temporal origins of the tensor veli palatini and tensor tympani muscles. 
Some reptiles, including snakes, carry multiple series of digastric-like axial muscles, 
in which each intersegmental septum is likely to become an intermediate tendon. 
These findings indicate that many pathways are involved in the development of 
digastric muscles. A review of these morphologies suggested that the flexor digi-
torum superficialis (FDS) muscle was a digastric muscle, although the intermediate 
tendon may not be visible in the surface view in adults. The present observations 
support the hypothesis that the proximal anlage at the elbow develops into  
a deep muscle slip to a limited finger, while the distal anlage at the wrist develops 
into the other slips. The findings suggest that, in the FDS muscle, the proximal and 
distal bellies of the embryonic digastric muscle fuse together to form a laminar 
structure, in which muscle slips accumulate from the palmar to the deep side of 
the forearm. (Folia Morphol 2018; 77, 2: 362–370)
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INTRODUCTION
The digastricus and omohyoideus muscles at the 

head and neck are both digastric muscles, each with 
two muscle bellies, but their foetal development dif-
fers markedly. We previously reported that an inser-
tion tendon of the posterior belly innervated by the 
facial nerve becomes the intermediate tendon of 
the digastricus muscle, as the hypoglossal nerve and 

stylohyoid muscle make it difficult for the posterior 
belly to obtain the hyoid attachment [10]. Simultane-
ously, muscle fibres of the anterior belly supplied by 
the trigeminal nerve attach to and finally cover the 
tendon of posterior belly (Fig. 1A). Thus, in midterm 
foetuses, various numbers of muscle fibres of the 
anterior belly are maintained in and along the future 
intermediate tendon. In contrast, the omohyoideus 
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was found to be a belt-like muscle in midterm foe-
tuses, but the intermediate tendon develops later at 
an angulation site, at which the muscle belt attaches 
to the carotid sheath (Fig. 1B) [10]. Thus mechanical 
stress may induce fibrosis, altering some of the muscle 
fibres within the tendon. The different branches of the 
ansa cervicalis nerve supply the upper and lower parts 
of the initial belt-like muscle, respectively, and the 
upper and lower groups of muscle fibres are interdigi-
tated close to the centre of the future intermediate 
tendon. This configuration, with interrupted muscle 
fibres, is termed an “in-series” or “non-spanning” 
muscle, whereas a muscle in which all muscle fibres 

extend the entire length of the muscle is termed  
a “spanning” muscle [7, 19]. 

Our group recently demonstrated that the ten-
sor veli palatini and tensor tympani muscles in  
human foetuses originate from an intermediate tendon 
(Fig. 1D) [15]. However, these intermediate tendons are  
not likely to be maintained in adults [1]. In addi-
tion, some reptiles, including snakes, carry multiple 
series of digastric-like axial muscles, in which each 
intersegmental septum is likely to develop into an 
intermediate tendon (Fig. 1C). The axial musculature 
of reptiles, especially muscles corresponding to the 
intercostalis externi, levator costae and iliocostalis 
in mammals, was found to contain well-developed 
intersegmental septa, with each myotome supplied by 
two adjacent spinal nerves [5, 13]. Overall, these find-

Figure 1. Reported digastric muscles including axial muscles in 
reptiles and their hypothetical development; A. The digastricus 
muscle in the head and neck. The later-developing anterior belly  
attaches to a floating end (arrowhead) of the long tendon of the 
posterior belly; B. The omohyoid muscle in the neck. The interme-
diate tendon (arrowhead) appears later in the midcourse of a belt- 
-like muscle. C. In some reptiles, segmental axial muscles seem to 
change to multiple muscle bellies connected with an intermediate 
tendon (arrowhead); D. The tensor veli palatini (TVP) and tensor 
tympani (TT) muscles. The intermediate tendon (arrowhead) is 
evident at embryonic stage. The tendon inserted into the malleus 
changed direction at a pulley.

Figure 2. Schematic representation of the flexor digitorum super-
ficialis muscle. The muscle was viewed from its posterior or deep 
aspect after slight dissection. The top of the figure corresponds to 
the proximal side of the forearm. The labels 2, 3, 4 and 5 indicate 
the finger for insertion. The proximal part of the muscle slip to the 
second finger and two intermediate or thick intramuscular tendons 
are shown. HU head — humero-ulnar head; R head — radial head. 
Modified from Frohse and Fränkel [4].
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ings indicate that digastric muscles and intermediate 
tendons develop via multiple pathways. The first aim 
of this study was to review the development of the 
digastric muscle and intermediate tendon.

The flexor digitorum superficialis (FDS) muscle in 
adults is composed of several muscle slips that accumu-
late in a 3-dimensional manner. Figure 2 shows these 
slips after slight dissection for 2-dimensional extension. 
The muscle slip arrangement of FDS muscles varies 
widely and can include absence of a tendon to the fifth 
finger [4, 14, 20]. The basic double-layered configura-
tion consists of a deep layer containing muscle slips for 
the second and third fingers and regarded as a digastric 
configuration, and a superficial layer comprised of slips 
for the third and fourth fingers. Although the intermedi-
ate tendon cannot be visualised by the surface view, the 
masked intermediate tendon always connects a deep 
muscle slip for the second finger to the distal parts of 
the FDS muscle [14, 20]. These findings suggested that 
a nerve branch to the second finger muscle slip (ramus 
superior [4]) originates from the median nerve at a site 
distant from the others (rami medius and inferior) and 
that the former branch is likely bundled with a nerve 
to the palmaris longus muscle.

The results of two embryologic studies suggested 
that the FDS muscle was arranged in a digastric con-
figuration [3, 6], in that the proximal anlage at the 
elbow developed into a posterior muscle slip, while 
the distal anlage at the wrist developed into the 
other slips. Other studies, however, indicated the FDS 
originated from a single anlage in the deep layer of 
the forearm [11, 12]. The digastric morphology of 
the FDS muscle is therefore likely to be evident in 
the embryonic stage. Thus, the second aim of this 
study was to reexamine the human FDS using serial 
histological sections of embryos and foetuses.

MATERIALS AND METHODS
This study was performed in accordance with the 

provisions of the Declaration of Helsinki 1995 (as 
revised in 2013). Serial sections of the upper extremi-
ties were obtained from 30 embryos and foetuses 
of gestational age 6–8 weeks (crown rump length 
[CRL] 15–35 mm). Twenty of these 30 specimens 
were of Spanish origin, with the other 10 obtained 
in China. The Spanish specimens were part of the 
large collection kept at the Embryology Institute of 
the Universidad Complutense, Madrid, and were the 
products of miscarriages and ectopic pregnancies in 
the Department of Obstetrics at the University.

The upper extremities of the 20 Spanish specimens 
had been cut serially; 15 longitudinally-sectioned and 
5 transversely-sectioned specimens of the forearm 
and hand were chosen. In the former, however, the 
sectional planes varied (sagittal, frontal or oblique) 
depending on the posture of the upper extremity. 
Most of these sections were stained with haema-
toxylin and eosin (HE), with other stained with azan, 
orange G or silver stain. The study protocol was ap-
proved by the ethics committee of Complutense Uni-
versity (B08/374).

The remaining 10 foetuses, all of gestational age 
8 weeks were donated by their families to the Depart-
ment of Anatomy, Yanbian University Medical College, 
Yanji, China, until 2016. The use of these samples 
for research was approved by the ethics committee 
of Yanbian University (No. BS-13-35). These foetuses 
were obtained by induced abortion, after which the 
mother was orally informed by an obstetrician at the 
college teaching hospital of the possibility of donat-
ing the foetus for research; no attempt was made to 
actively encourage the donation. After the mother 
agreed, the foetus was assigned a specimen number 
and stored in 10% w/w neutral formalin solution for 
more than 1 month. Because of specimen number 
randomisation, there was no possibility of contacting 
the family at a later date. After dividing the body into 
parts, the forearm and hand were sectioned trans-
versely at 20 micron intervals (5 microns in thickness) 
and stained with HE. Sections were observed and 
photographed with a Nikon Eclipse 80.

RESULTS
Observations of longitudinal sections

Forearm length was very short in foetuses of ges-
tational age 6–8 weeks, being about half the longi-
tudinal length of the hand and finger (Figs. 2–4).  
The distal anlage of the FDS muscle could be clearly 
identified as a large spindle-shaped mass at the level 
of the carpal bones (Figs. 3E, F; 4C, D). According to 
tendon directions of the flexor digitorum profundus 
(FDP) muscle, the distal anlage of the FDS muscle 
extended longitudinally on the superficial side of 
the deep tendons to the fourth and fifth fingers  
(Figs. 3E; 4C). Thus, the distal anlage was located almost  
in the ulnar half of the hand and wrist. After provid-
ing branches to the FDS muscle, the median nerve 
appeared to run distally on the superficial side of the 
anlage (Figs. 3D; 4A). The distal nerve was therefore 
regarded as a digital cutaneous nerve. 
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In contrast to the distal anlage, the proximal an-
lage of the FDS was difficult to identify because, in 
strict sagittal sections, not only the pronator teres 
and flexor carpi radialis muscles but the thick median 
nerve were packed together in a narrow space near 
the medial epicondyle of the humerus (Figs. 3D–F). 
After identifying the pronator teres as a wide muscle 
plate extending between the humerus and radius, 
depending on suitable flexion and rotation at the 
elbow (Figs. 4F; 5A), the proximal anlage of the FDS 
could be distinguished from the FDP anlage on the 
superficial side of the median nerve (Fig. 5B, C). The 
distal and proximal anlagen of the FDS muscle were 
connected by a weakly eosinophilic, slender tissue 
on the superficial side of the FDP and constituting 
a candidate intermediate tendon of the FDS muscle 
(Figs. 3, 4; 5A). Parts of the FDP supplied by the ulnar 
nerve (Fig. 5F, G) were distant from and on the ulnar 

side of the proximal anlage of the FDS. The humeral 
head of the pronator teres was large but its ulnar 
head appeared to be absent from all specimens. 
Similarly, we were unable to demonstrate the palmaris 
longus muscle in longitudinal sections. The distal and 
proximal anlagen of the FDS as well as the anlage of 
the FDP contained primary myotubes. 

Observations in transverse sections

All antebrachial muscles, including the palmaris 
longus and pronator quadratus muscles were visible 
on transverse sections. A tendinous plate or a tendon 
common to the FDP and flexor pollicis longus was 
evident at the wrist (Figs. 6, 7). Figure 6 shows the 
early stage morphology of intermediate tendons of 
the FDS, consisting of a distal mass of primary myo-
tubes interrupted by a candidate intermediate tendon  
(Fig. 6D), with the latter extending to the proximal 

Figure 3. A–G. Muscle anlagen in the forearm and 
hand: almost sagittal sections from a specimen of  
crown rump length 15 mm (gestational age 6 weeks). 
A, G. The most radial and ulnar sides of the figure, 
respectively. Panels A–G were prepared at the 
same magnification (scale bar in panel A, 1 mm). 
Intervals between panels were 0.1 mm. Panels H 
and I are higher magnification views of the squares 
in panel D (scale bar in panel I, 0.1 mm). A distal 
anlage of the flexor digitorum superficialis (FDS) 
muscle is clearly seen in panels C–F, whereas  
a small anlage (asterisk in panels D and E) near 
the median nerve (MN) at the elbow appears to 
correspond to the proximal anlage. The FDS anlage 
does not accompany tendons. Two long tendons of 
the flexor digitorum profundus (FDP) muscle, to the 
third and fourth fingers, are present. In these flexors, 
primary myotubes appear to be differentiated  
(panels H and I). Panel D shows that the median 
nerve apparently gives rise to a thick cutaneous 
branch, whereas panel F shows that the flexor  
digitorum profundus muscle is attached to the 
muscle in the humero-ulnar joint; B — brachialis 
muscle; BB — biceps brachii muscle; H — humerus;  
HA — hamate; L — lunate; MC — metacarpal 
bone; U — ulna.
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mass of myotubes adjacent to the flexor carpi radialis. 
The FDP on the proximal side of the candidate interme-
diate tendon contained multiple intramuscular tendon-
like structures (Figs. 6B–D; 7H–K), with parts extending 
into the FDS. This prevented the identification of the 
intermediate tendon of the FDS in many samples. 
Digital tendons of the FDP were well differentiated at 
the level of the metacarpal bone, whereas FDS tendons 
were weakly eosinophilic and poorly differentiated 
(Fig. 7B–D). Proximally, the initial FDS tendons joined 
to provide 2–4 muscle fascicles (Figs. 7F, G). 

Near the medial epicondyle of the humerus, sev-
eral muscles, including the flexor carpi radialis, pal-
maris longus, pronator teres, FDS and flexor carpi 

ulnaris muscles, were arranged linearly. These mus-
cles together loosely encircled the radius and FDP  
(Fig. 7K, L). Being similar to observations of longitu-
dinal sections, the ulnar attachment of the pronator 
teres muscle was not identified in transverse sections, 
although the median nerve appeared to pass between 
the pronator teres and FDS (Fig. 7L). 

DISCUSSION
This study found that the distal anlage of the FDS 

initially appears at the hand and wrist, while the proxi-
mal anlage appears at the elbow (Fig. 8A), a finding 
consistent with previous results [3, 6]. At gestational 
age 6–7 weeks, these anlagen were connected by  

Figure 4. A–H. Muscle anlagen in the forearm and 
hand: almost sagittal sections from a specimen  
of crown rump length 25 mm (gestational age  
7 weeks). A, F. The most radial and ulnar sides of 
the figure, respectively. Panels A–F were prepared 
at the same magnification (scale bar in panel A,  
1 mm). Intervals between panels are 0.2 mm  
(A–B, B–C, C–D, D–E) and 0.1 mm (E–F). Panels 
G and H are higher magnification views of the 
squares in panel D (scale bar in panel G, 0.1 mm). 
A distal anlage of the flexor digitorum superficialis 
muscle (FDS) is clearly seen in panels B–D, but is 
weakly stained in panel E and became tendinous 
in panel F (triangle representing a candidate inter-
mediate tendon). The median nerve (MN) enters 
a space between the superficial and deep flexors 
(panels C and D). In flexors, the primary myotubes 
appear to be differentiated (panels G and H);  
BB — biceps brachii muscle; C — capitate;  
FCR — flexor carpi radialis muscle; FDP —  
flexor digitorum profundus muscle; H —  
humerus; HA — hamate; L — lunate; PT —  
pronator teres muscle; R — radius.
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a candidate intermediate tendon (Fig. 8B), although 
the latter soon became difficult to distinguish from the 
usual intramuscular tendons in the FDS. Developing 
intramuscular tendons in the FDP extending into the 
FDS also prevented identification of the candidate in-
termediate tendon. However, in adults, communicating 
fascicles might not be reported between the FDS and 
FDP. Later, possibly after birth, a small muscle slip from 
the proximal anlage is covered by large muscle slips 
derived from the distal anlage (Fig. 8C). Thus, the distal 
anlage appeared to migrate proximally from the hand 
and wrist to the forearm near the elbow. At 6–7 weeks, 
however, these anlagen were not composed of undif-
ferentiated myogenic cells but of primary myotubes. 
Because differentiated muscle fibres seem unable to 
migrate, drastic elongation of the insertion tendons of 
flexors was likely to compensate for the greater length 
of the radius and ulna, resulting in apparent proxi-
mal migration. The candidate intermediate tendon at  
6–7 weeks may lengthen slightly.

This mechanism, however, cannot explain how 
the proximal anlage-derived muscle slip was covered 
by the distal anlage-derived major parts. Although 
the FDS has a double-layered configuration (see the 
‘Introduction’), further investigation was necessary 
to show the process of piling muscle slips. The mac-
roscopic anatomy of the adult FDS indicates that the 
intermediate tendon should exist as a muscle slip for 
the second finger. However, our limited information 
on embryonic topographical relationships indicated 
that the distal anlage (i.e., the major parts of the 
FDS) was likely to develop in the “ulnar half” of the 
wrist and forearm, not in a limited tendon to the 
second finger.

The topographical anatomy of the muscles at and 
near the elbow joint apparently changes in late-stage 
foetuses and even after birth. The FDP was found to 
reach the elbow joint capsule, but the oblique cord 
was absent, suggesting that, possibly after birth, the 
proximal part of the foetal FDP had been replaced by 

Figure 5. A–G. Muscle anlagen in the elbow: 
oblique longitudinal sections from a specimen  
of crown rump length 25 mm (gestational age  
7 weeks). The specimen shown here is identical to 
that in Figure 4. Panel A is 0.1 mm to the ulnar and 
proximal side of Panel F in Figure 4. A, G. The most 
distal and proximal sides of the figure, respec-
tively. Intervals between panels are 0.2 mm. The 
proximal anlage of the flexor digitorum superficialis 
(FDS) is evident (panels B and C) on the proximal 
side of a candidate intermediate tendon of the FDS 
muscle (triangle in panel A) and is attached to the 
medial epicondyle of the humerus (panel D). The 
median nerve (MN in panel B), as well as the ulnar 
nerve (UN in panel F), supply the flexor digitorum 
profundus muscle (FDP). All panels were prepared 
at the same magnification (scale bar in panel A, 
1 mm); B — brachialis muscle; BT — biceps 
tendon; FCU — flexor carpi ulnaris muscle; FDP — 
flexor digitorum profundus muscle; H — humerus; 
MC — metacarpal bone; ME — medical epicon-
dyle; R — radius; U — ulna.
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fibrous tissue to form the chord [8]. The consistent 
absence of the head in foetuses examined suggests 
that the aponeurotic origin of the ulnar head of the 
pronator teres may originate from the degenerated 
proximal part of the FDF because of the consistent 
absence of the head in foetuses examined [18]. This 
absence was also observed in this study. Similarly, we 
did not find that the FDS originated from the radius, 
suggesting the attachment may have occurred after 
changes in the topographical anatomy of muscles 
located near the elbow. The lumbricalis muscles are 
thought to originate from the FDS anlage [20], but 
develop later in accordance with a change from a single 
tendinous plate to five deep tendons in the hand [2].

CONCLUSIONS
Assessment of the foetal FDS failed to show devel-

opment of the 3-dimensional muscle slip configura-
tion or proximal migration in exchange for elongation 
of tendons. The FDS as a digastric muscle seemed to 
be “masked” not only in the surface view but by its 
complicated development processes. These findings 

indicate that the FDS was not simply an example of 
an embryonic, temporal digastric muscle, similar to 
the tensor tympani and tensor veli palatini muscles. 
Rather than the FDS, we expects a masked digastric 
muscle in the embryonic soleus because, in its deep 
or anterior aspect, the adult soleus is always accom-
panied by a feather-like, additional muscle belly with 
a short tendon merging with the Achilles tendon. 
In contrast to the major part of the soleus, which is 
innervated by thick, posterior or proximal branches, 
the feather-like belly is supplied by the thin, ante-
rior or distal branch. Moreover, the latter nerve also 
supplied a rare variation, an accessory soleus with  
a tendon independent of the Achilles tendon [16, 17]. 
Our preliminary observations showed that a pair of 
proximal anlagen near the knee and a distal anlage at 
the foot planta formed two layers. Thus, the superfi-
cial and deep digastric muscles were likely to present 
in the foot flexors. Finally, the plantaris muscle also 
contributed to the hypothetical double-layered digas-
tric muscles, as the plantaris muscle corresponded to  
a long flexor of the fingers observed in marsupials [9].

Figure 6. A–E. Cross sectional morphology of 
muscle anlagen at and near the wrist in a speci-
men of crown rump length 23 mm (gestational age 
6 weeks). A, E. The most distal and proximal sides 
of the figure, respectively. Intervals between pan-
els are 0.3 mm (A–B), 0.1 mm (B–C, C–D) and  
0.2 mm (D–E). Panel A shows that, in contrast to the 
muscular mass of the flexor digitorum superficialis 
muscle (FDS), the flexor digitorum profundus mus-
cle (FDP) is present as a tendinous plate (plate). 
On the proximal side, the deep muscle contains 
intramuscular tendon-like structures (triangles in 
panels B–D), with parts of these structures ex-
tending into the FDS muscle. In panel D, almost the 
entire superficial muscles became tendinous (star; 
a candidate intermediate tendon). On the proximal 
side of a candidate intermediate tendon (panel E), 
the FDS muscle attaches to the flexor carpi radialis 
muscle (FCR). The asterisks in panels D and E indi-
cate an accessory bundle of the flexor carpi ulnaris 
muscle. The palmaris longus muscle is not found 
in this specimen. All panels were prepared at the 
same magnification (scale bar in panel A, 0.1 mm). 
FCU — flexor carpi ulnaris muscle; FPL — flexor 
pollicis longus muscle; MN — median nerve; 
PB — parmalis brevis; PQ — pronator quadratus 
muscle; R — radius; T — triquetrum; U — ulna; 
UN — ulnar nerve.
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Figure 7. A–L. Cross sectional morphology of the 
finger, hand and forearm in a specimen of crown 
rump length 27 mm (gestational age 7 weeks).  
A, L. The most distal and proximal sides of the figure, 
respectively. Intervals between panels are 0.1 mm 
(J–K), 0.2 mm (A–B, C–D, D–E, E–F, G–H, H–I. I–J, 
K–L), and 0.3 mm (B–C, F–G). Panels A–L were 
prepared at the same magnification (scale bar in 
panel A, 1 mm), while an insert in the centre of the 
figure (scale bar, 0.1 mm) is a higher magnification 
view of a square in panel H. Five digital tendons 
of deep flexors (arrowheads) are well differenti-
ated in panels A and B, while tendons of the flexor 
digitorum superficialis muscle (FDS) are loose 
and poorly differentiated (arrows in panels B-E). 
The deep flexors make a tendinous plate (plate) in 
panels D-G. A thick tendinous bundle in the FDS 
(arrowheads in panels I and J) is a candidate in-
termediate tendon. On the proximal side of a can-
didate intermediate tendon, the FDS was attached 
to the pronator teres muscle (PT). In these flexors, 
the primary myotubes appear to be differentiated 
(insert, centre). The palmaris longus muscle (PL)  
is seen on the radial side of the pronator; B — bra-
chialis muscle; C — capitate; FCR — flexor carpi 
radialis muscle; H — humerus; HA — hamate; 
ME — medical epicondyle; MN — median nerve; 
P — pisiform; PQ — pronator quadratus muscle; 
R — radius; T — triquetrum; U — ulna; UN — 
ulnar nerve.

Figure 8. Diagram showing the hypothetical development of the flexor digitorum superficialis muscle. The distal anlage appears at the hand 
and wrist, while the proximal anlage appears at the elbow (A). At 6–7 weeks, these anlagen are connected by an intermediate tendon (B), but 
the latter soon becomes difficult to distinguish from usual intramuscular tendons. In adults (C), a small muscle slip from the proximal anlage 
(dotted line) is covered by large muscle slips derived from the distal anlage. 
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