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OBJECTIVE: The tendons of the extensor carpi radialis longus and brevis muscles are quite useful in tendon transfer, such as in
correction of finger clawing and restoration of thumb opposition. Knowledge of additional radial wrist extensor muscle bellies
with independent tendons is useful in the above-mentioned surgical procedures.

METHODS: The skin, subcutaneous tissue, and antebrachial fascia of 48 (24 on the right side and 24 on left side) male upper
limb forearms were dissected. The following aspects were then analyzed: (a) the presence of additional muscle bellies of radial
wrist extensors, (b) the origin and insertion of the additional muscle, and (c) measurements of the muscle bellies and their tendons.
RESULTS: Five out of 48 upper limbs (10.41%) had additional radial wrist extensors; this occurred in 3 out of 24 left upper limbs
(12.5%) and 2 out of 24 right upper limbs (8.3%). In one of the right upper limbs, two additional muscles were found. The length
and width of each additional muscle belly and its tendon ranged between 2 - 15c¢cm by 0.35 - 6.4cm and 2.8 - 20.8cm by 0.2 -
0.5cm, respectively. The additional radial wrist extensor tendons in our study basically originated either from the extensor carpi
radialis longus or brevis muscles and were inserted at the base of the 2™ or 3™ metacarpal bone.

CONCLUSION: The present study will inform surgeons about the different varieties of additional radial wrist extensors and the
frequency of their occurrence.
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INTRODUCTION the ECRB is inserted into the third'. According to a study
conducted by Caetano et al. (2004) the most common pat-

The extensor carpi radialis longus (ECRL) and brevis  tern of the ECRL and ECRB was one muscle and one ten-

(ECRB) are two muscles that belong to the radial wrist ex-
tensors (RWE). The ECRL arises from the distal third of
the lateral supracondylar ridge of the humerus and the ad-
jacent portion of the lateral intermuscular septum, while
the ECRB arises from the front of the lateral epicondyle
of the humerus and the fascia covering the common ex-
tensor origin. Both of these radial extensors run through
the 2" compartment of the extensor retinaculum; the ECRL
is inserted into the base of the second metacarpal bone, and
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don each. Out of 60 upper limbs, they found additional
RWE tendons in only 3 hands (all in relation to the ECRL
tendon). The presence of an accessory tendon connecting
the tendons of the ECRL and ECRB was identified in 4
dissected hands® Albright and Linburg (1978) found that
26% of upper limbs had an accessory tendon joining the
tendons of the ECRL and ECRB. The occurrence rate of
an additional RWE was 24% in the same study (42 out of
173 upper limbs), and the additional muscles originated
from either the ECRL or ECRB muscles®.

The importance of tendon transfer using RWE in
opponensplasty and correction of finger clawing has been
reported by several authors*®. Cooney et al. (1984) stud-
ied various muscles to achieve effective tendon transfer
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for median nerve palsy. They found the ECRL muscle to
be one of the best at approximating the force and motion
required to restore lost thumb flexion, full thumb oppo-
sition and strength both in high and low median nerve
palsy*. Baek et al. (1999) used either the ECRL or ECRB
to restore opposition of the thumb. Out of the 11 trans-
fers they performed, 10 gave excellent results®. Studies
on the RWE were undertaken by various authors® 713,
Wood (1988) described the presence of additional RWE
that could be used successfully for thumb opposition by
motoring the flexor pollicis longus and extensor pollicis
longus of the thumb'. The additional RWE tendons in our
study were inserted into the dorsal digital expansion of
the index finger (DDEIF), the base of the second meta-
carpal bone (B2M), the base of the third metacarpal bone
(B3M), the base of both the second and third metacarpal
bones (B2/3M) and the ECRB. In the past decade, unu-
sual forms of RWE have been mentioned in the litera-
ture'*!”. The purpose of the present study was to identify
the occurrence and various forms of additional RWE. This
knowledge should help surgeons to reduce their error in
diagnosis and treatment in and around the radial wrist ex-
tensors when additional muscle bellies and their tendons
exist. This work was motivated by the paucity of litera-
ture regarding the origin of additional RWE and their im-
mense importance in tendon transfers.

MATERIALS AND METHODS

During routine cadaver dissection in the Department of
Anatomy, Kasturba Medical College, Mangalore, India, we
dissected 24 formalin-embalmed male (47- 75) upper limbs
during the academic years, 2004-2005 and 2005-2006. The
skin, superficial fascia, and antebrachial fascia from the lat-
eral aspect of the forearms were then excised, and the in-
dividual RWE were studied for the presence of any addi-
tional muscles. When identified, anatomical description of
the additional RWE was achieved by measuring its length,
width and attachments. Measurements of the additional
muscles and their tendons were done with the help of a Ver-
nier caliper in centimeters (cm).

RESULTS

Out of 48 upper limbs studied, five (10.41%) had addi-
tional RWE (Fig 1, 2, 3a, 3b, 4, 5). Three out of 24 left
upper limbs (12.5%) and 2 out of 24 right upper limbs
(8.3%) had additional RWE. In one of the right upper
limbs, there were two additional muscles found (Fig 3a,
3b). The length and width of each additional muscle belly
and its tendon are mentioned in Table 1.
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Anatomical variation 1

The additional muscle took its origin from the ECRB
and then passed between the ECRB and extensor digitorum
communis (EDC) in the forearm. Its tendon ran below the
extensor retinaculum, along with the tendons of the EDC
and extensor indicis in the fourth dorsal osseofibrous tun-
nel, and was inserted into the DDEIF. The tendon of the
EDC to the IF was absent in the above case (Fig 1). The
length and width of the additional muscle belly and ten-
don were 11.4 cm by 1.3 cm and 15 cm by 0.25 cm, re-
spectively.

Anatomical variation 2

The additional muscle took a tendinous origin from the
lateral epicondyle of the humerus (LEH), between the ori-
gin of the ECRB and EDC muscles, and was on the me-
dial side of the ECRL and ECRB muscles. Fifteen
centimeters from its origin, the muscle divided into two ten-
dons below the abductor pollicis longus (APL) and exten-
sor pollicis brevis (EPB) muscles. The upper tendon then
traveled side by side with the tendon of the ECRB muscle
and passed through the second dorsal osseofibrous tunnel
to be inserted into the B2M, medial to the insertion of the
ECRB tendon. The lower tendon crossed over the ECRL
tendon and also passed through the second dorsal
osseofibrous tunnel to be inserted into the radial side of
the B3M, above the insertion of ECRL (Fig 2). The length
and width of the additional muscle bellies and tendons were
15 cm by 6.4 cm for the upper and lower muscle bellies,
10.2 cm by 0.5 cm for the upper tendon and 10.5 cm by
0.45 cm for the lower tendon.

Anatomical variation 3a

The additional muscle took its origin from the ECRB,
between the ECRB and ECRL muscles. The tendon of the
additional muscle was placed between the ECRB and
ECRL tendons in the second dorsal osseofibrous tunnel and
was inserted between the B2/3M (Fig 3a). The length and
width of the additional muscle belly and tendon were 3 cm
by 1.1 cm and 19.4 cm by 0.3 cm, respectively.

Anatomical variation 3b

The additional muscle took its origin from the
undersurfaces of both the ECRL (medial) and
brachioradialis (BR), then formed a common muscle and
was inserted on the upper surface of the ECRB tendon (Fig
3b). The length of the additional muscle belly was 2 cm
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Figure 1 - Extensor compartment of the left forearm and hand region. AWE, additional wrist extensor; D, dorsal digital expansion for the index finger;
ECRB, extensor carpi radialis brevis; Er, extensor retinaculum. The course of the additional muscle is shown by the downward facing arrows. The upward
facing arrow indicates the tendon of extensor indicis muscle.

Figure 2 - Extensor compartment of the left forearm and hand region. ARWE, additional radial wrist extensor; B2M, base of the second metacarpal bone;
B3M, base of the third metacarpal bone; ECRL, extensor carpi radialis longus.

TECRL into B2M

Figure 3a - Extensor compartment of the right forearm and hand region. TECRB into B3M, tendon of extensor carpi radialis brevis inserted into the base
of the third metacarpal bone; TECRL into B2M, tendon of extensor carpi radialis longus inserted into the base of the second metacarpal bone. Note that the
downward arrows indicate the course of the additional muscle.

Figure 3b - Superior-lateral view of the right forearm region. ARWE, additional radial wrist extensor. The downward arrows indicate its course, already
shown in figure 3a. BR, brachioradialis. Note the additional muscles arising both from the BR (lateral) and ECRL (medial), joining to form a single muscle
on its way to be inserted into the tendon of the ECRB.
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Figure 4 - Extensor compartment of the left forearm and hand region. TECRB into B2/3M, tendon of extensor carpi radialis brevis inserted into the base of
the second and third metacarpal bones; TECRL into B2M, tendon of extensor carpi radialis longus inserted into the base of the second metacarpal bone.
Note that the downward arrows indicate the course of the additional muscle. The muscle was inserted into the tendon of the ECRB.

Figure 5 - Extensor compartment of the right forearm and hand region. TECRB into B3M, tendon of extensor carpi radialis brevis inserted into the base of
the third metacarpal bone; TECRL into B2M, tendon of extensor carpi radialis longus inserted into the base of the second metacarpal bone. Note the
downward arrows, which indicate the course of the additional muscle.

Table 1 - Origin, insertion and measurements of the additional radial wrist extensors (ARWE:s).

No. Side Origin Insertion Muscle Length Muscle Width Tendon Length Tendon Width

1 Left ECRB DDEIF 11.4cm 1.3cm 15cm 0.25cm

2 Left LEH UT=B2M 15cm 6.4cm 10.2cm 0.5cm
LT=B3M 15cm 6.4cm 10.5cm 0.45cm

3a Right ECRB B2/3M 3cm 1.1cm 19.4cm 0.3cm

3b Right BR & ECRL ECRB BR=2cm 0.5cm 2.8cm 0.4cm

ECRL=2.5cm 0.6cm
4 Left ECRL ECRB 6.2cm 0.35cm 12.8cm 0.2cm
5 Right ECRL B3M 2cm 0.4cm 20.8cm 0.3cm

ECRB, extensor carpi radialis brevis; DDEIF, dorsal digital expansion for the index finger; LEH, lateral epicondyle of humerus; UT, upper tendon; B2M,
base of the second metacarpal bone; LT, lower tendon; B3M, base of the third metacarpal bone; B2/3M, to the base of the both second and third
metacarpal bones; BR, brachioradialis; ECRL, extensor carpi radialis longus.

from the BR and 2.5 cm from the ECRL, while the width
was 0.5 cm from the BR and 0.6 cm from the ERCL. The
length and width of the additional muscle tendon were 2.8
cm and 0.4 cm, respectively.

Anatomical variation 4

The additional muscle took its origin from the radial
side of the ECRL, and the tendon passed below the APL
and EPB muscles to be inserted on the undersurface of the
ECRB tendon (Fig 4). The length and width of the addi-
tional muscle belly and tendon were 6.2cm by 0.35 cm and
12.8 cm by 0.2 cm, respectively.
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Anatomical variation 5

The additional muscle took its origin from the radial
side of the ECRL, and the tendon passed below the sec-
ond dorsal osseofibrous tunnel to be inserted into the B3M
(Fig 5). The length and width of the additional muscle belly
and tendon were 2 cm by 0.4 cm and 20.8 cm by 0.3 cm,
respectively.

DISCUSSION

The extensor carpi radialis intermedius (ECRI) and ex-
tensor carpi radialis accessories (ECRA) are the two pre-
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viously described variants of additional RWE in the ante-
brachial region (Wood, 1867 as cited by Wood, 1988;
Wood, 1867 as cited by MacAlister, 1871)7%!12, In the
present study, we found that the additional RWE originated
from the ECRL in three cases, from the ECRB in two cases,
and from the BR and LEH in one case each. The additional
RWE tendons inserted into various sites on the dorsal as-
pect of the hand, namely the DDEIF, B2M, B3M, B2/3M
and the tendon of the ECRB muscle. The length of the ad-
ditional RWE varied from two to 15 cm, and the muscle
width also varied from 0.35 to 6.4 cm. The tendon length
of the additional RWE varied from 2.8 to 20.8 cm, and the
tendon width also varied from 0.2 to 0.5 cm. All of the ad-
ditional RWE tendons were large enough to perform a ten-
don transfer.

Wood (1988)'?> examined 312 upper limbs and found 39
(12.5%) ECRI, of which 32 (10.25%) tendons were suit-
able for muscle transfer and 7 (2.24%) were unacceptable.
In the present study, we identified the occurrence of addi-
tional RWE in 10.41% of upper limbs, which was similar
to the study by Wood (1988)'2. Albright and Linburg (1978)
3 studied 173 upper limb specimens, of which they found
42 limbs (24%) with an extra muscle that originated ei-
ther from the ECRL or ECRB muscle. In the present study
we found additional RWE in 10.41% of upper limbs in
comparison to the 24% found by Linburg (1978)°. Although
the origins of additional RWE were mainly from the ECRL
and ECRB, we also noted origins from the LEH and BR.
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The present study on RWE supplements knowledge
about the various forms of additional RWE and their oc-
currence. Furthermore, the morphometric measurements of
the additional muscles and their tendons will help surgeons
performing tendon transfer in the antebrachial and carpal
region.

CONCLUSION

In the present study, we found five anatomical varia-
tions in the radial wrist extensor muscles. The length and
width measurements of the anatomical variations were con-
sidered sufficient to warrant their use for tendon transfers.
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