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ABSTRACT

All surgeons must bear in mind the existence of muscular variations when performing common tendon
transfers. Presence of additional bellies and tendons of existing muscles or presence of additional
muscles in unusual locations might misguide a surgeon, during surgery and also during diagnosis. In
the present paper we are reporting four cases of variations encountered during the study of extensor
muscles of the forearm in 100 limbs. In Case 1, additional bellies of extensor carpi radialis longus and
extensor carpi radialis brevis and multiple tendons of insertion of abductor pollicis longus were observed
in a single limb. In Case 2, an additional belly of the abductor pollicis longus was observed. In Case
3, a short muscle on the dorsum of the hand going to the index finger [extensor indicis brevis (EIB)]
was found in addition to the normal extensor indicis (El). It was also observed that some of the most
superficial fleshy fibers of EIB were getting inserted into the tendon of El. In Case 4, a rare incidence
of extensor digiti medii proprius was observed. Further, the related literature is reviewed and the
clinical and surgical importance of these muscular variations in diagnosis and proper planning of

treatment is discussed.
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INTRODUCTION

roper knowledge of muscular variations is
essential not only for anatomists but also for
surgeons. Additional bellies and the tendons of
the muscles are surgically noteworthy. Such variant
structures can lead to error in both diagnosis and
treatment. Forearm extensors are known to exhibit such
variations. Some of the reported variations are
brachioradialis tendon dividing into two to three slips,
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accessory brachioradialis (brachioradialis brevis),
abductor manus, trigastric extensor carpi radialis longus,
extensor carpi radialis intermedius, extensor carpi radialis
accessorius, splitting radial carpal extensors into two
to three slips, additional slip of extensor digitorum to
the thumb, double belly of extensor digiti minimi, an
ulnar slip of extensor digiti minimi going to the fifth
meatacarpal bone, double extensor carpi ulnaris, ulnaris
digiti minimi, extensive cleavage of tendon and belly of
abductor pollicis longus, doubling of extensor pollicis
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longus, an additional extensor between extensor indicis
and extensor pollcis longus, abductor pollicis tertius,
two heads or complete doubling of extensor indicis,
double tendons of extensor indicis, extensor brevis
manus and extensor digiti medii proprius.' In the present
study, we studied 100 upper limbs and looked for
variations in the muscles of the extensor compartment
of the forearm and hand. The unusual cases of additional
bellies and tendons were observed in relation with radial
carpal extensors and abductor pollicis longus muscles.
We also observed two cases of additional muscles, an
extensor indicis brevis (EIB) and an extensor digiti medii
proprius (EDMP).

MATERIALS AND METHODS

Hundred upper limbs from 50 cadavers were used in the
present study. The study was carried out at the
Department of Anatomy, Melaka Manipal Medical College,
Manipal. The extensor compartment of the forearm and
dorsum of the hand were carefully dissected and
investigated for the muscular variations.

Observations
Out of 100 limbs dissected by us major variations were
observed in only four cases.

Case 1

This limb belonged to the left side of an approximately
50-year-old male cadaver. In this limb additional bellies
of the extensor carpi radialis longus (ECRL) and extensor
carpi radialis brevis (ECRB) muscles were observed. In
the same limb multiple tendons of the abductor pollicis
longus (APL) were also observed.

The additional belly of the ECRL was found on the radial
side of the main belly of ECRL and was having common
origin with it. This additional belly had a long slender
tendon which was formed about an inch proximal to the
tendon of the main muscle and continued distally on the
lateral side of the tendon of the main muscle (ECRL) and
was getting merged with it deep to the belly of APL
[Figure 1]. The additional belly of ECRB was found deep
to the ECRL on the lateral side of the main belly of ECRB.
Though the additional belly had a common origin with
the main muscle, when traced distally it was clearly
distinct from the belly of ECRB. The thin elongated
tendon of this additional belly passed distally superficial
to the supinator, after crossing the shaft of the radius
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from the lateral to medial side, it passed deep to the
main tendon of the ECRB and entered the fourth
compartment of the extensor retinaculum. The tendon
ended by getting inserted into the base of the third
metacarpal bone and adjoining carpal bones [Figure 2].
In the same limb, the APL muscle showed three tendons
of insertion. The two additional tendons were seen on
the lateral and medial sides of the main tendon. The
one on the lateral side was relatively thin and was arising
from a partially separated additional belly of the muscle.
It passed ventrally towards the palmar aspect of the hand
outside the first compartment of the extensor
retinaculum where it ended by merging with the flexor
retinaculum close to the origin of thenar muscles. The
thicker medial tendon had a course and insertion that is
similar to the main tendon of the APL [Figure 1]. It was
interesting to note that only the main and medial tendons
passed through the first compartment of the extensor
retinaculum.

Case 2

A case of additional belly of the abductor pollicis longus
(APL) muscle was observed in the left upper limb of about
a 45-year-old male cadaver.

The additional belly was arising from the lateral aspect
of the distal portion of the normal APL muscle just
proximal to the formation of its tendon [Figure 3]. The
tendon of this additional muscle belly extended from
the belly of the APL, coursed superficial to the ECRL and
ECRB tendons and attached to the abductor pollicis
brevis, opponens pollicis and flexor pollicis brevis
muscles.

Case 3

In another limb belonging to the left side of an
approximately 60-year-old male cadaver we noticed an
unusual case of the presence of short (intrinsic) muscle,
EIB, in the dorsum of the hand going to the index finger
in addition to the normal extensor indicis muscle (EI)
[Figure 4].

The fleshy fibers were taking their origin within the
fourth compartment of the extensor retinaculum from
the dorsal surface of the ligaments covering the capitate
and adjoining carpal bones. The muscle belly was
measuring about 7.5 cm in length and about 1.5 cm in
width. Its tendon was getting inserted to the dorsal
surface of the base of the proximal phalanx of the index
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AT-ECRL

BR

Figure 1: Additional belly of extensor carpi radialis longus (AB-ECRL) can be
seen along with the main muscle belly of extensor carpi radialis longus
(ECRL). Also seen are the abductor pollicis longus (APL) and its additional
tendons (AT-APL). AB-ECRL- Tendon of the additional belly, BR- Brachioradialis

AT-ECRB

AB-ECRB

Figure 2: Additional belly of extensor carpi radialis brevis (AB-ECRB) can be
seen along with the main muscle belly of extensor carpi radialis brevis (ECRB).
Also seen are extensor carpi radialis longus (ECRL), Tendon of the additional
belly of extensor carpi radialis brevis (AT- ECRB) and brachioradialis (BR).

finger [Figure 4]. The muscle was innervated by the
posterior interosseous nerve near its proximal end. A
more interesting and unique observation made by us is
that a significant number of fleshy fibers originating from
the floor of the fourth compartment of the extensor
retinaculum, along with the EIB, passed over its
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Figure 3: Showing the normal belly and its tendon of the abductor pollicis
longus (APL) along with the additional belly and its tendon (APL2). Also seen
are extensor pollicis brevis (EPB), extensor pollicis longus (EPL), extensor
carpi radialis longus (ECRL) and extensor carpi radialis brevis (ECRB).

Figure 4: Showing extensor indicis brevis (B-EIB: belly; T- EIB: tendon) in
the dorsum of the hand in addition to a normal extensor indicis (longus)
muscle (B-El: belly; T- El: tendon) and the fleshy fibers of the extensor
indicis brevis (F-TEI) joining the tendon of extensor indicis (T- EIl). PIN:
posterior interosseous nerve; T-ED: indicial finger tendon of the extensor
digitorum cut and reflected

superficial surface to join the tendon of El on its medial
aspect in the proximal part of the dorsum of the hand
[Figure 4]. Other features of El and the indicial tendon
of the extensor digitorum were normal.

Case 4

This case of additional muscle whose tendon was going
to the dorsum of the middle finger was observed in the
left forearm of a 50-year-old male cadaver.

The fleshy fibers of this muscle were arising from the
posterior surface of the lower part of the ulna and
adjoining interosseous membrane. A thin slender tendon
was beginning from the small belly of the muscle in the
distal part of the forearm. It then passed distally through
the fourth compartment of the extensor retinaculum to
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Figure 5: Showing extensor digitorum medius proprius (B-EDMP: belly; T-
EDMP: tendon). EPL: extensor pollicis longus, EPB: extensor pollicis brevis,
T-ED: tendon of the extensor digitorum cut and reflected, MF: middle finger

enter the dorsum of the hand where it was found medial
to the tendon of extensor indicis. The tendon ended by
getting inserted to the dorsal surface of the base of the
proximal phalanx of the middle finger deep to the tendon
of the extensor digitorum of the middle finger [Figure
5]. The muscle was innervated by the posterior
interosseous nerve. Based on the attachments, the
muscle was identified as extensor digiti medii proprius
(EDMP).

In none of the above 4 cases did the contralateral upper
limbs show any muscular variations.

DISCUSSION

Case 1

Many variations in the bellies and tendons of radial carpal
extensors have been reported before. An anatomical
study of the ECRL and ECRB in 173 upper limbs by Albright
and Linburg®? demonstrated abnormalities in 50% of
cases. Interconnecting tendons between the longus and
brevis were found in 35% of limbs. In about 26% of cases,
a tendon was arising proximally from the ECRL and was
getting inserted distally with the ECRB. In about 24% of
cases an extra muscle (the extensor carpi radialis
intermedius) was present. It can be noted that none of
these cases were similar to our observations in the
present case. Claassen and Wreel® have reported a case
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where ECRL gave origin to an accessory head, the tendon
of which passed through a separate tunnel in the extensor
retinaculum and inserted in the middle of the first
metacarpal bone. In the same limb they also observed
an accessory tendon of ECRB lying underneath the main
tendon of the muscle. This accessory tendon joined with
the main tendon just when undercrossing APL. In
contrast, in the present case, such a phenomenon was
observed with the additional tendon of the ECRL. Melling
et al," have reported an accessory muscle in the forearm
and hand region, which branched off from the ECRB
muscle. Its tendon crossed over the extensor retinaculum
and attached to the dorsal digital expansion of the index
finger. A bilaterally well developed, bicipital and bipinnate
accessory extensor carpi radialis muscle has been
reported. The muscle was arising between the origins
of the ECRL and ECRB and inserted by two tendons into
the first and second metacarpal bones."

Variations in the APL are also not uncommon. Akan et
al,l® have observed a case where the APL tendon was
divided into five sections shortly after exiting the first
compartment of the extensor retinaculum. A study
conducted by Roh et al,” in 68 specimens has revealed
that 35 (51%) of APL tendons had a thenar insertion. Qut
of 66 specimens studied by Gonzalez et al,”® multiple
slips of the APL tendon were noted in 38 cases. These
accessory slips inserted into the trapezium and thenar
musculature. It can be noted that in the present case,
only one of the two additional tendons had thenar
insertion. In another variation reported by Aydinlioglu
et al,” both APL and ECRB tendons together inserted
into the inferior side of the base of the first metacarpal
bone, instead of the dorsal side.

Variant radial carpal extensors are of importance for the
clinicians and surgeons. Malaviya Govind"” has reported
a case where the elongation of ECRL tendon was
performed using the radial half of the parent tendon in
12 patients. He has suggested that splitting of the ECRL
tendon to use one half as a tendon graft can be
considered in patients in whom ECRL transfer is planned
to correct finger clawing. In such cases, if the surgeon
is aware of the probable variations of radial carpal
extensors like additional bellies and tendons as reported
in this case, such tendons can be used for grafting instead
of splitting the parent tendon. Albright and Linburg?
have also supported this by reporting that among the
many variant tendons observed by them during the study
of 173 upper limbs, many were large enough to activate
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a tendon transfer and the extra muscles found in this
region can be useful in the surgical rehabilitation of
patients with paralytic disorders.

Case 2

As mentioned earlier most of the reported variations
of APL are about the variations in its tendons and their
insertion.*l A case of additional belly of APL with a
separate tendon is not reported in literature so far.
Reports in the literature suggest that variations in the
numbers of APL tendons, the tendons’ distal attachment
sites and the structure of the APL can have clinical
relevance. It has been suggested that variations in the
number of APL tendons and corresponding osseo-
fibrous canals are involved in the etiology and
subsequent surgical decompression of DeQuervains
Syndrome./""3) An incomplete understanding of the
possible variations in the dorsolateral forearm can lead
to inadequate surgical decompression of DeQuervains
Syndrome./"? Patel and Desail' describe a case report
of a patient with an extension of the APL muscle belly
into the first dorsal compartment under the extensor
retinaculum producing wrist and thumb pain with
activity. Additionally, Martinez and Omer!" describe a
case where the tendons of the APL inserted into the
fascia of the abductor pollicis brevis resulting in laxity
and repeated subluxation of the trapezometacarpal joint
bilaterally. It has also been shown that the confining
nature of the intersection area where the APL and
extensor pollicis brevis cross over the tendons of the
ECRL and ECRB in the dorsolateral forearm can
contribute to intersection Syndrome or peritendinitis
crepitans."®® One can only speculate regarding the
mechanical significance of the current finding. Further
significance may lie in the ability of an APL tendon to
contribute as a stabilizer of the CMC joint.[">2 [n
surgery, the APL tendon can be used for interposition
arthroplasty in cases of osteoarthrosis of the first
carpometacarpal joint,?! as a tendon transfer to restore
extension of the thumb™! or to restore the first dorsal
interosseous muscle®! and for tendon translocation for
chronic subluxation of the carpometacarpal joint of the
thumb.? Additional clinical significance lies in the
understanding of the prevalence of the current finding
to aid in a more complete and accurate description of
the dorsolateral compartment of the distal forearm for
surgical approaches. The APL is an important muscle
for the function of the human thumb and hand and
knowledge of its function is important in clinical
assessment and reconstructive surgery.
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Case 3

Reports of a short additional muscle of the index finger
(EIB) are limited. One such case has been reported by
Gahhos and Ariyan,™ where EIB was originating from
the ligament over the scaphoid bone. Another case of
such a muscle was discovered accidentally during surgical
operation for suspected synovial cyst of the left hand by
Della Vella and De Giovannini.”® Voigt and Breyer?” have
reported a case of occurrence of EIB muscle in a 27-
year-old man who had a swelling over the back of his
right hand that was painful on exertion. According to
them frequency of this variant at autopsies is markedly
below one per cent. el-Badawi et al® have reported a
case of EIB replacing the proper muscle. An anomalous
indicis proprius muscle that was manifested as a painful
dorsal hand mass is also reported.” Kraus et al*® have
reported a case where an EIB muscle was causing a lesion
of the radialis dorsalis manus of ulnar nerve. Occurrence
of EIB reported in the present case is similar to the
previously reported cases in some aspects. But, a
significant number of the fleshy fibers of EIB joining the
tendon of El in the dorsum of the hand reported in the
present case has not been reported before.

Presence of the additional muscles in unusual locations
is always misleading for the clinicians and surgeons.
Hence, the proper knowledge of such anatomical
variations is important in diagnosing dorsal hand masses
and in planning tendon transfers. The complaint of dorsal
hand pain is common among such patients seen in a
primary care practice. The differential diagnosis of such
dorsal masses includes tenosynovial disease, ganglion,
trauma and soft-tissue tumors, synovialitis of the
extensors or ganglion cysts.?”?l Presence of abnormal,
additional muscles in the fourth compartment of the
extensor retinaculum as in the present case may also
lead to a condition called “fourth-compartment
syndrome” manifested by chronic dorsal wrist pain of
the fourth compartment. The pain is due to the increased
pressure within the fourth compartment ultimately
compressing the posterior interosseous nerve directly
or indirectly.P"

During surgical reconstruction of the APL tendon, the
interposition of a tendon graft is considered as the best
method. Functional considerations make the EI muscle
the best substitution for the APL.®? Similarly, for
restoring the opposition of the thumb in lesions of the
median nerve, opponensplasty is done using the tendon
of the EI with good success.® In such surgeries, it is
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very essential for the surgeons to be aware of the
variations of this muscle and the possibility of the
presence of an additional muscle close to its tendon in
the hand.

From the review of the literature it is quite evident that
occurrence of short muscles of the index finger in the
dorsum of the hand is not uncommon. Its significance
in practicing hand surgery must be known to the
surgeons. It cannot be foreseen. When found at random
during operation, it may be often neglected. But, it is
sometimes the cause of different syndromes such as
disability of some artist’s hands, painful wrists in
sportsmen, nerve compression simulating a carpal tunnel
syndrome, camptodactylia, etc. It may also necessitate
a modification of planning tendon transfers or grafting.

Case 4

Extensor digiti medii proprius observed in the present
study is similar to the previously reported cases. It is a
rare variation found in only about 10% of cadavers.!"! This
has been further supported by Schroeder and Bottel**
who have studied 58 adult hands to determine the
incidence of EDMP. In a study on extensor digitorum
profundus conducted using 832 Japanese upper limbs
the cases of EDMP were observed in 67 (8.1%) limbs.*
Cigali et al*® have reported a case of EDMP in both the
upper limbs of a male cadaver.

CONCLUSION

We would like to state that the additional muscle bellies
and presence of additional tendons of the muscles is
common among the extensors of the forearm. However,
there are minor differences between the reported
variations. The observations made by us in the present
study will supplement our knowledge of variations in
this region, which should be quite useful in forearm and
hand surgery.
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