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Entrapment neuropathy in the forearm is not uncommon. Surgical interference
for nerve decompression should be preceded by accurate diagnosis of the exact
cause and site of the nerve entrapment. The aim of the present study was to
investigate the prevalence of accessory heads of the flexor pollicis longus and
flexor digitorum profundus muscles (FPLah) and (FDPah) in Egyptians and their
topographical relationship with both the median nerve and its anterior in-
terosseous branch.

A total of 42 upper limbs of embalmed cadavers, 36 from males and 6 from
females, were examined to elucidate the prevalence of both the FPLah and the
FDPah muscles, their origin, insertion, nerve supply and morphology. The dis-
tribution of these two muscles in the right and left male and female upper limbs
and their relationship to the anterior interosseous and median nerves were
recorded. The total lengths of both accessory muscles and the lengths of their
fleshy bellies and tendons were also measured.

The FPLah was found to be present more frequently (61.9%) than it was absent,
whereas the FDPah was observed in only 14.24% of the specimens examined.
The combination of the accessory muscles in the same forearm was noticed in
9.52% of cases. As regards side, the FPLah appeared in 77.7% of the right
forearms and in 50% of the left, while the FDPah was found in only 25% of the
left forearms. The accessory muscles showed no single morphology, as the
FPLah appeared fusiform in 53.8%, slender in 30.8% and voluminous fusiform
in 15.4%, while the FDPah was slender in 66.6% and triangular in 33.3% of
specimens. The FPLah arose mainly from the under surface of flexor digitorum
superficialis, while the FDPah took its origin from the under surface of flexor
digitorum superficialis or from the medial epicondyle. The insertion of the FPLah
was mainly into the upper third of the FPL tendon, while the FDPah tendon
Joined the tendons of the flexor digitorum profundus muscle to the index or
middle and ring fingers. The FPLah was found between the median nerve ante-
riorly and the anterior interosseous nerve posteriorly. Both FPLah and FDPah
took their nerve supply mainly from the anterior interosseous nerve and, less
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frequently, from the median nerve. The mean values of the total lengths of
FPLah and FDPah were 74.66 mm and 208.33 mm, respectively.

Cadaveric dissection in this study confirmed the prevalence of the FPLah and
FDPah in Egyptians and demonstrated the relationship of the FPLah to the me-
dian nerve and its anterior interosseous branch. These findings may provide the
surgeon with information for the differential diagnosis of the causes and sites
of anterior interosseous nerve syndrome and entrapment neuropathy of the
median nerve in the forearm (Folia Morphol 2008; 67: 63-71).

Key words: Gantzer’'s muscles, anterior interosseous nerve
syndrome, entrapment neuropathy of the median nerve

INTRODUCTION

Today’s human possesses a distinct and well-de-
veloped flexor pollicis longus muscle (FPL), an extrin-
sic thumb flexor which is “either rudimentary or ab-
sent” in great apes. The FPL is concerned with pre-
cise grasping and functioned initially to stabilise the
terminal pollical phalanx against loads applied to the
thumb’s apical pad during forceful movements.
FPL activity increases most when resistance is in-
creased to the thumb pad. In contrast, relatively low
levels of FPL activity are observed during fine manip-
ulations [6].

The FPL muscle arises chiefly from the anterior
surface of the radius (below the anterior oblique line
and above the insertion of the pronator quadratus)
and an adjoining strip of interosseous membrane.
The oblique cord represents phylogenetically degen-
erate fibres of the upper part of the muscle. The
fibres of this unipennate muscle descend obliquely to
insert onto a tendon which forms high on the ulnar
border of the muscle [17]. The flexor digitorum pro-
fundus (FDP) muscle arises from about the upper
three-quarters of the anterior and medial surfaces of
the ulna, the medial side of the coronoid process and
proximal three-quarters of the posterior border of
the ulna, in addition to the interosseous membrane.
The part acting on the index finger is usually distinct,
but other tendons are interconnected as far as the
palm [24].

During the fourth week of development somatic
mesoderm invades the limb buds and forms ventral
and dorsal condensations. The ventral condensation
gives rise to the flexors and pronators of the upper
limb [12]. Complex muscle patterns are formed by
successive splitting of the muscle masses and subse-
quent growth and differentiation [9, 26].

In 1813, Gantzer described two accessory mus-
cles in the human forearm which bear his name.
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The more frequent muscle was found to arise from
the coronoid process of the ulna coursing distally to
attach to the FPL. The less frequently observed mus-
cle was found to arise from the coronoid process
and course to join the FDP [25].

Compression neuropathies of the median nerve
in the proximal forearm are unusual lesions. Many
patients have vague symptoms for many months or
even years prior to confirmation of a diagnosis of
either pronator syndrome or anterior interosseous
nerve syndrome of the forearm [5]. The most com-
mon cause of anterior interosseous nerve syndrome
is entrapment of the nerve near its origin from the
median nerve by a variety of structures [19]. Seven
different anatomical structures may compress the
median nerve and anterior interosseous nerve. One
of these structures is the accessory head of flexor
pollicis longus muscle (FPLah) [2, 11]

Patients with anterior interosseous nerve syn-
drome often present initially with acute pain in the
proximal forearm, which lasts several hours to days.
The pain subsides, to be followed by paresis or total
paralysis of the pronator quadratus, FPL and the
radial half of the FDP, either individually or together.
The partial anterior interosseous nerve lesion is fre-
quently misdiagnosed as tendon rupture. Patients with
a complete lesion will have a characteristic pinch
deformity [13, 20]. While rare in comparison to car-
pal tunnel syndrome, anterior interosseous nerve syn-
drome is suspected if a patient with carpal tunnel
syndrome fails to respond to conservative or surgical
intervention [21].

Because it is one of the causes of anterior in-
terosseous nerve syndrome, the morphology and re-
lations of the FPLah are of great interest from the
clinical point of view. The presence of accessory heads
of the deep muscles of the forearm has to be borne
in mind in cases of nerve compressions in the forearm
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entrapment neuropathies. This study was therefore
conducted to confirm the presence and prevalence
of these accessory muscles and their relation to the
nerves of the forearm to make it easier to determine
the exact cause of entrapment and allow greater
confidence in the diagnosis.

MATERIAL AND METHODS

For this study 42 upper extremities of adult Egyp-
tian cadavers (36 males and 6 females) were exam-
ined. Of these specimens 6 were separate and the
remaining 36 were pairs belonging to 18 cadavers.
Of the male specimens 20 were left and 16 right ex-
tremities, while of the female extremities 4 were left
and 2 right. All were collected from the dissecting
room of the Department of Anatomy and Embryolo-
gy at the Faculty of Medicine, Tanta University.
After being partly dissected by Tanta medical stu-
dents, they were further dissected with reflection or
removal of the superficial muscles of the front of the
forearms. The forearms were examined to check for
the existence of accessory heads of the FPL and FDP.
An attempt was made to trace the origin, insertion
and nerve supply of these accessory muscles and their
relations to other structures of the forearm, espe-
cially the median and anterior interosseous nerves.
The distribution of these two muscles in the right
and left upper limbs and the varieties of presenta-
tion in the samples were tabulated in order of fre-
quency. The total lengths of both accessory muscles
as well as the lengths of their fleshy bellies and ten-
dons were measured with the aid of Vernier sliding
callipers graduated to 0.02 mm and expressed as
means * SD.

RESULTS

The study revealed FPLah in 26 forearms (61.9%
of the specimens examined), whereas the accessory
head of the FDP (FDPah) was observed in only 6 fore-
arms (14.24% of the specimens). A combination of
accessory muscles in the same forearm was noticed
in 4 specimens (9.52%) (Table 1).

FPLah appeared in 14 (13 males and 1 female) of
18 right forearms (77.7%) and in 12 (10 males and

Table 1. Distribution of the accessory muscles found in
the specimens studied

Flexor pollicis longus 26 (61.9%)
accessory head
Flexor digitorum profundus 6 (14.24%)
accessory head
Combination of the two muscles 4 (9.52%)

2 females) of 24 left forearms (50%), but, FDPah
was found only in 6 male specimens (25%) out of 24
left forearms (Table 2). Two of the 18 paired speci-
mens examined showed bilateral FPLah (11.11%).

The study demonstrated that the accessory mus-
cles had no single morphology. Four characteristic
shapes could be described in the specimens exam-
ined. FPLah was fusiform in 14 cases (53.8%) (Fig. 1, 2),
slender in 8 cases (30.8%) (Figs. 3, 4) and volumi-
nous fusiform in 4 cases (15.4%) (Fig. 5). On the oth-
er hand, FDPah had a rounded tapering muscular
slip with a long slender tendon. The actual fleshy belly
was slender in 4 specimens (66.7%) (Fig. 5) and tri-
angular in 2 specimens (33.3%) (Fig. 6).

The origin of the accessory muscles as observed
in the present study varied greatly. FPLah originated
mainly from the under surface of flexor digitorum
superficialis in 10 specimens (38.5%) (Figs. 1, 3), from
the medial epicondyle in 8 specimens (30.8%) (Fig. 5),
had a dual origin from the medial epicondyle and
the coronoid process of the ulna in 6 specimens (23%)
(Fig. 4) and originated from the coronoid process
alone in 2 specimens (7.7%). FDPah took its origin
from the under surface of flexor digitorum superfi-
cialis in 4 (66.7%) specimens and from the medial
epicondyle in 2 (33.3%) specimens.

Regarding the insertion of the accessory muscles,
FPLah was, in the great majority of cases (84.62%),
inserted into the upper third of the FPL tendon
(Figs. 1, 3-5) and thus seemed to be the continua-
tion of the main tendon. However, in 4 specimens
(15.38%), its insertion was into the middle third of
the medial side of the FPL tendon (Fig. 2). The FDPah

Table 2. Accessory muscles in the right and left upper limbs in males and females

The accessory muscle

Right upper limb Left upper limb

Flexor pollicis longus accessory head

Flexor digitorum profundus accessory head

14 — 13 males,1 female 12 — 10 males, 2 females
(77.7%) (50%)
0 (0%) 6 males (25%)
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Figure 1. Photographs of the anterior view of a right forearm
showing a fusiform FPLah (1) originating from under surface
of flexor digitorum superficialis (fs) as noticed in (A) and
inserting into the upper third of flexor pollicis longus (pl)

as seen in (B). It takes its nerve supply (thin arrow) from

the anterior interosseous nerve (i).

Figure 2. Photograph of the anterior view of a left forearm
showing fusiform FPLah (1) originating from the medial epi-
condyle (*) with flexor digitorum superficialis (fs) and inserting
into the middle third of the flexor pollicis longus tendon (pl).

It takes its nerve supply (thin arrow) from the deep surface of
median nerve (m).

tendon, on the other hand, coursed almost vertically
to the middle third of the forearm, where it turned
into a slender tendon that ended near the level of

Figure 3. Photograph of the anterior view of a right forearm after
removal of the superficial muscles, showing the flexor pollicis
longus (pl) and flexor digitorum profundus (dp). One slender
FPLah (1) with a long fleshy belly and short tendon can be seen.
It originates from the under surface of the flexor digitorum
superficialis (fs), which is cut and reflected and inserts into the
upper third of the flexor pollicis longus tendon. The median
nerve (m) is seen passing superficially to the accessory head.

the wrist, joining with one or more tendons of the
FDP. In 66.66% of cases its tendon inserted into the
tendon of the index finger (Fig. 5), and in 33.33% of
cases it joined the tendons of middle and ring fingers
(Fig. 6). The origin and insertion of the accessory
muscles were summarised in Table 3.

The study revealed that the median nerve ran over
the FPLah, while the anterior interosseous nerve ran
posteriorly. Hence the accessory head was sand-
wiched between the median and the anterior in-
terosseous nerves (Fig. 7). However, in some speci-
mens the anterior interosseous nerve passed deeply
slightly away from the FPLah (Fig. 8). The nerve sup-
ply to FPLah came, in the majority of cases, from the
anterior interosseous nerve (Fig. 1) by a branch or
two proximal to the other muscular branches of the
nerve and less frequently from the median nerve (Fig. 4).
FDPah was also found to take its nerve supply from
the anterior interosseous or the median nerves.

In this work, some of the examined specimens
revealed the absence of FPLah and FDPah (Fig. 9).

As regards measurement of the accessory mus-
cles, the mean value of the overall total length of
FPLah was 74.66 = 5.97 mm, with the length of the
tendon 8.34 = 1.01 mm and the muscle belly 66.32 +
+ 6.29 mm. While the mean values of the overall
length of FDPah was 208.33 + 14.38 mm, the length
of the tendon was 125 + 11.83 mm and that of the
muscle belly was 83.33 = 13.66 mm. The overall dif-
ference in length between these two accessory mus-
cles appeared to be a result of their different tendon
lengths, as their muscle belly lengths were comparable.
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Figure 4. Photographs of the anterior view of a left forearm (A) before and (B) after deeper dissection and cutting of the superficial
muscles, showing a slender FPLah (1) arising from the medial epicondyle and coronoid process of the ulna (*) and inserting into the
upper third (thick arrow) of the flexor pollicis longus (pl) tendon. The nerve supply of the accessory head (thin arrow) is noticed (in B)
arising from the median nerve (m). The flexor digitorum profundus muscle (dp) can be observed.

Figure 5. Photograph of the anterior view of a left forearm
showing a voluminous fusiform FPLah (1) and a small slender
FDPah (2). The FPLah (1) arises from the medial epicondyle (*)
and inserts into the upper third of the flexor pollicis longus
tendon (pl). The FDPah (2) has a very short fleshy belly and

a very long tendon which joins the tendon to the index finger
[of flexor digitorum profundus (dp)].

This was due to the fact that the FDPah was inserted
into the tendon of FDP at wrist level, while the FPLah
inserted mainly into the FPL tendon in the upper and
middle thirds of the forearm.

DISCUSSION
The accessory head of the FPL muscle has been
described by a number of authors as being of vary-
ing prevalence. In the present study it showed a prev-
alence of 61.9%. This was similar to the results pro-
vided by Malhotra et al. [15] (54.2%), al-Qattan [1]
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Figure 6. Photograph of the anterior view of a left forearm show-
ing a triangular FDPah (2) with a long tendon joining the tendon
to the middle and ring fingers [of flexor digitorum profundus (dp)].

(52%), Jones et al. [8] (55%), Shirali et al. [22] (55%)
and Oh et al. [18] (66.7%). The results of the present
work were also in agreement with Hemmady et al. [7],
who mentioned that the occasional belly of the FPL
was seen to be present more frequently (66.66%)
than it was absent, and Mahakkanukrauh et al. [14],
who confirmed the high prevalence of FPLah (62.1%).
FDPah has also been described as being of varying
prevalence: 27.5% [8], 29% [16] and 35.2% [10].
In the present work, however, FDPah was observed
in only 6 forearms (14.24%). Moreover, the accesso-
ry muscles were noticed in combination in the same
forearm in 4 specimens (9.52%). As was reported by
Jones et al. [8] the flexor muscles of the forearm
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Table 3. Origin and insertion of the accessory muscles

Flexor pollicis longus
accessory head

Flexor digitorum profundus
accessory head

Origin

Flexor digitorum superficialis

Medial epicondyle

Medial epicondyle and coronoid process of ulna
Coronoid process of ulna

Insertion

Upper third of flexor pollicis longus tendon
Middle third of flexor pollicis longus tendon
Tendon to index finger

Tendon to middle and ring fingers

10 (38.5%) 4 (66.7%)
8 (30.8%) 2 (33.3%)
6 (23%) —
2 (1.7%) —
22 (84.6%) —
4 (15.38%) —
— 4 (66.66%)

— 2 (33.33%)

Figure 7. Photograph of the same specimen in Figure 3 show-
ing FPLah (1) sandwiched between the median nerve (m) ante-
riorly and the anterior interosseous nerve (i) posteriorly. The ulnar
nerve (u), flexor digitorum profundus (dp) and flexor pollicis
longus (pl) can be seen in this view.

Figure 8. Photograph of the same specimen in Figure 4 show-
ing the anterior interosseous nerve (i) passing deeply on the
interos-seous membrane slightly away from FPLah (1). Flexor
pollicis longus (pl), flexor digitorum profundus (dp) and the
median nerve (m) can be observed.

TN '\‘

Figure 9. Photograph of the anterior view of a left forearm
showing the flexor pollicis longus (pl) and flexor digitorum pro-
fundus (dp) without accessory heads. The flexor digitorum su-
perficialis (fs) and median nerve (m) are indicated.

develop from the flexor mass, which divides into two
layers, superficial and deep. The FPL and FDP mus-
cles originate from the deep layer. Thus the existence
of accessory heads in the present study could be ex-
plained by the incomplete cleavage of the deep layer
of the flexor mass during development.

As regards right and left distribution, the results
of Malhotra et al. [15] were that 31.2% were on the
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right, 15.8% on the left and 11.3% bilateral. In con-
trast, the results of Jones et al. [8] showed that the
FPLah appeared more frequently bilaterally (58.4%)
than unilaterally (25% right, 8.4% left). In this work
FPLah was found more frequently on the right side,
appearing in 14 (13 males and 1 female) out of 18
right forearms (77.7%), 12 (10 males and 2 females)
out of 24 left forearms (50%) and bilaterally in 2 cas-
es (11.11%). This is probably because in the general
population the right hand is dominant. As regards
FDPah, all cases of FDPah observed in this work were
on the left side, while Jones et al. [8], described
a bilateral prevalence of 16.7% and unilateral 29.2%
(25% right, 42% left). They concluded that FPLah and
FDPah showed no significant differences either for bi-
lateral (right, left) presentations or sexual differences.

The present study demonstrated that the acces-
sory muscles had no single morphology. The FPLah
showed three characteristic shapes. It was fusiform
in 53.8%, slender in 30.8% and voluminous fusiform
in 15.4% of specimens. Jones et al. [8] described four
forms of the FPLah in different proportions: slender
(42.9%), voluminous (28.6%), triangular (14.3%) and
fusiform (14.3%). Mahakkanukrauh et al. [14] found
two types, fusiform (98%) and slender (2%). As re-
gards FDPah, The actual fleshy belly was found to be
slender in 66.6% and triangular in 33.3% of cases.
The shape of this particular muscle was previously
described by Jones et al. [8] as being slender (54.5%),
triangular (36.4%) or voluminous (9.1%).

The origin of the accessory muscles varied greatly
in the present work. FPLah originated mainly from
the under surface of flexor digitorum superficialis
(38.5%), from the medial epicondyle (30.8%), had
a dual origin from the medial epicondyle and the
coronoid process of the ulna (23%) or originated from
the coronoid process alone (7.7%). These results co-
incided with those of Malhotra et al. [15] and Kida [10],
who described this accessory muscle as arising main-
ly from the coronoid process or medial epicondyle
through the fibres of the flexor digitorum superficia-
lis or a combination of both. al-Qattan [1] found
that it arose from the medial humeral epicondyle in
85% and had a dual origin from the epicondyle and
coronoid process in 15% of cases. Jones et al. [8]
also found that the most common singular point of
origin was under the surface of the flexor digitorum
superficialis, followed by the coronoid process of the
ulna and finally the medial epicondyle. Oh et al. [18]
mentioned that in Asians the majority of cases orig-
inated from the coronoid process. On the other hand,
Mahakkanukrauh et al. [14] reported that in the Thai
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population 74.5% of FPLah originated from the me-
dial epicondyle, 23.5% from the coronoid process and
2% from the flexor digitorum superficialis muscle.

The FDPah has been described as arising from the
deep surface of the flexor digitorum superficialis,
coronoid process or a combination of both. Less fre-
quently it arises from the medial epicondyle and pr-
onator teres muscle [8, 10]. In the present study it
took origin from the under surface of flexor digitorum
superficialis in 66.7% and from the medial epicondyle
in 33.3% of specimens.

As regards the insertion of the accessory mus-
cles, FPLah in the great majority of cases was insert-
ed into the upper third of the FPL tendon. This coin-
cided with the findings of al-Qattan [1] and Mangini [16].
However, in 15.38% of specimens its insertion was
into the middle third of the medial side of the FPL
tendon. This was partially in agreement with Jones
et al. [8], who reported its insertion into the middle
third (22%) and lower third (28%) of the FPL ten-
don. They added that in only one forearm was an
accessory muscle belly found to arise from the under
surface of the flexor digitorum superficialis, and this
ended in three tendinous slips, two of which con-
nected to the FPL muscle, while the third coursed to
join the tendon of the flexor digitorum profundus
to the middle finger. Coinciding with the results of
Jones et al. [8], the present work showed that the
FDPah tendon coursed almost vertically to the mid-
dle third of the forearm, where it turned into a slen-
der tendon that joined one of the tendons of the FDP.

Anterior interosseous nerve palsy is known to oc-
cur rarely owing to the compression of the nerve by
the FPLah [3, 18]. Partial or incomplete anterior in-
terosseous nerve syndrome due to mechanical com-
pression by Gantzer’'s muscle is also reported. This
accessory muscle induced an isolated paralysis of FPL
with a characteristic pinch attitude [23]. Moreover,
cicatricial contraction of the occasional belly of the
FPL muscle (as seen in Volkmann’s ischaemic con-
tracture or following surgical or non-surgical trau-
ma around the proximal forearm and elbow) may
lead to flexion deformity of the thumb or entrap-
ment of the median and anterior interosseous nerves,
since they are so closely related to this belly. In addi-
tion, the median nerve may become entrapped be-
tween the humeral origin of the occasional belly and
the flexor carpi radialis [7].

The FPLah was described as lying posterior both
to the median nerve and the anterior interosseous
nerve [1, 4]. However, in this study, the FPLah was
always found to lie between the median nerve anteriorly
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and the anterior interosseous nerve posteriorly. Shirali
etal. [22] noted that the accessory head passed ante-
rior to the anterior interosseous nerve in all specimens
and posterior to the median nerve in 95% of speci-
mens. However, in a few cases (5%) they noticed that
the accessory head was lying anterior to the median
nerve. Moreover, Mahakkanukrauh et al. [14] revealed
four patterns of relationship of the FPLah with the
anterior interosseous nerve, the nerve passing either
anterior to the muscle (13.4%), lateral to the muscle
(65.8%), posterior to the muscle (8.1%) or both later-
al and posterior to the muscle (12.8%). The authors
believe that the latter two patterns are more likely to
be associated with anterior interosseous nerve syn-
drome in the light of anatomical considerations.

As regards the FDPah, the present study showed
no direct contact with the median or anterior in-
terosseous nerves. This was in agreement with Jones
et al. [8], who mentioned that during its course the
FDPah crossed over the ulnar side of the anterior
interosseous nerve without any direct contact. Com-
pression of the nerve from this muscle could there-
fore not occur.

In the majority of cases in this study the nerve
supply of the FPLah came from the anterior in-
terosseous nerve and less frequently from the me-
dian nerve. This was in agreement with many au-
thors who found that the nerve supply of the FPLah
came only from the anterior interosseous nerve [1, 4,
7, 15] or, in 7% of cases, from the median nerve [10, 16].
In contrast to these results, Jones et al. [8] found
that in 88% of muscles the accessory belly received
dual innervations from both nerves. As regards the
FDPah, the nerve supply has been described as orig-
inating from the median nerve [10]. However, in the
present study it took its nerve supply from the medi-
an or anterior interosseous nerves, coinciding with
the findings of Jones et al. [8], who stated that it
took its nerve supply from the median nerve in 44.4%
of muscles, while the remaining supply was from the
anterior interosseous nerve.

As regards the measurement of the accessory
muscles in the present research, the mean value of
the overall total length of the FPLah was 74.66 =
+ 5.97 mm, the length of the tendon was 8.34 +
= 1.01 mm and the muscle belly was 66.32 + 6.29
mm. In agreement with this result, Hemmady et al. [7]
found that the length of the occasional belly varied
from 5 to 8 cm.The mean value of the overall length
of the FDPah in the present work was 208.33 mm,
the length of the tendon was 125 mm and the mus-
cle belly length was 83.33 mm. However, in the study

conducted by Jones et al. [8] the overall length of the
FDPah was 161.5 mm, the tendon average was 107.4
mm and the average muscle belly length was 67.0
mm. Whatever the difference in the measurements,
there was general agreement that in all the cases
the occasional heads were found to be less bulky than
the principal bellies [7], and the occasional heads on
the right side were bulkier than those on the left in
the majority of cases [14].

CONCLUSION

Cadaveric dissection in this study confirmed the
prevalence of accessory heads of the flexor pollicis lon-
gus and the flexor digitorum profundus muscles in
Egyptians and demonstrated the relationship of the
accessory head of the flexor pollicis longus to the
median nerve and its anterior interosseous branch.
These findings have clinical relevance in relation to the
development of anterior interosseous nerve syndrome
and entrapment neuropathy of the median nerve. This
study may thus provide the surgeon with information
for making a differential diagnosis of the causes and
sites of nerve compression in the forearm.
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