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Revisited Anatomy of Additional Heads of Biceps Brachii Muscle and
Coexisting Musculocutaneous Nerve Variants
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Introduction: To determine the incidence and gross morphologadditional head of biceps brachii in the Indiapylation, and to note
concurrent musculocutaneous nerve variati@ubjects and Methods One hundred and twenty upper limbs (males- 18Mafes- 20)
from 60 formalin-embalmed cadavers were utilizettli@ studyResults: The additional heads were found in 11 cadaversdTiead was
present in 16.6% and fourth head in 1.7%. The tiariavas unilateral in 72.7% and bilateral in 27.8&6lavers. Out of 120 limbs, 14 had
additional head, and 71.4% of these were left-sitted3.3%, additional head joined with tendon aviith the belly of BB in 26.7%. Three
types of origin: anterolateral, posteromedial aighthumeral were observed in 60%, 26.7% and 13:2%pectively. The additional
muscle was 11.7 + 3.9 cm in length. The mean lengthhe right and left sides was 9.8 + 3.3 cm a8dt & 3.9 cm, respectively.
Incidence of concurrent additional head and mustuémeous variations was 42.8%. The nerve variaticere unilateral with 80% on the
left, and ipsilateral to additional musctéonclusion: The incidence of additional head in biceps braishii8.3% in the Indian population.
Most common presentation is of a left-sided thimhdh, and musculocutaneous variants occur on the sae as additional muscle.
Presence of extra head should be considered dilméngnalysis of the diagnostic scans, and awareri¢ks associated musculocutaneous

nerve variations would be helpful in avoiding coroalions during surgical interventions.
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Introduction

Biceps brachii (BB) is a muscle of the front of affhe long
and short heads of BB arise from the supraglendiercle
and the coracoid process, respectively. Two heads &
tendon near the elbow for insertion into the radial
tuberosity? When another muscle mass joins it before
insertion, it is termed as an extra, supernumeigljtional

or accessory head of BB® The third head in BB is
encountered more often than the fourth or highenlrer of
heads, however its incidence is variable. The aorgs
muscle usually attaches to the medial side of humaeear
coracobrachialis (CB) or brachialis, and distallgds with
the inner aspect of biceps brachii tenfchlit is seen as a
thick muscle in most of the cases and may preseat soft
tissue mass in the arm especially if bufkyMoreover, an
extra head is likely to simulate a muscle tear lwe t
diagnostic image of the upper lirfth.

Variable incidence of the additional head of bicepsscle
(AHB) is described in the literature from the mpilé ethnic
populations such as, 8% in Chinese, 10% in white
Europeans, 12% in black Africans, and 18% in Japelfle

In comparison, the prevalence is reported to be ilowhe
Indian populatiort*&*"

BB acts as a flexor at the elbow, and its princigetion is

supination” The presence of an additional head adds to the
muscle mass. This is likely to affect the biomedtsurof
BB, and has the potential to create imbalance atltmave
due to extra muscle bulk in the flexor aspect oé th
brachium.

Musculocutaneous nerve (MCN) is one of the brandfes
the lateral cord of brachial plexus. It supplies BBd the
other muscles of the anterior compartment of arefprie
giving the lateral cutaneous nerve of forearm. Afiassing
through CB, MCN runs beneath BB in the arm. A
communicating branch (COB) is seen if few mediarvee
(MN) fibers enter MCN and later leave it to join Mitiough
rarely fibers travel in the reverse directfdriThe incidence

of absent MCN is 3.6%, and that of the nerve cotioes
between MCN and MN is 53.6%' Venieratos and
Anagnostopoulou observed such COB in 13[%.

It has been suggested that AHB influences the eoofs
MCN leading to the nerve variants, and can impingeit
especially if the nerve is running in close relatio it®** In
studies on the AHB, variations in MCN, like the abse of
MCN, duplication of MCN, altered course of MCN, or
communicating branches between MN and MCN have been
reported®”*>®l Communicating branches concurrent with
AHB are seen in 9.3%, 23.8% and 54.7% according to
Techataweewan et al., Ballesteros et al. and Kostgil.,
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respectively*”*®' However, there is scarcity of literature on
the incidence of MCN variations associated with AldBhe
Indian population. Also, the existing knowledge tre
morphology of AHB in Indians is limited. This study
proposed to find out the incidence of AHB in theliam
population, and describe its morphology, and
simultaneous presence of MCN variants.

the

Subjects and Methods

Sixty adult formalin-embalmed cadavers (50 male, 10
female), with an average age of 61 years (rang&®j2-
available in the department of Anatomy from 201420
were selected for this study. The upper limbs waithy
apparent deformity, damage, or signs of surgeryewer
excluded. The cadavers were obtained through utistital
body donation program following ethical guideliresd all
the specimens were stored in 10% formalin solutfter
embalming.

For dissection, a vertical incision was placedha skin of
the front of the arm and the elbow. The line ofisian
extended from the acromion process to the radisrsity,
and was joined by horizontal incisions at the twdse After
reflecting the skin flaps, the muscles of the aater
compartment of arm were exposed by the blunt diksec
and subsequently examined for the presence of AHI.
number, laterality, attachments, shape, length, aede
supply of the extra heads were recorded. The lenigkHB
from origin to its fusion with BB was measured ugia
Vernier Caliper with a sensitivity of 0.01mm, argttmean
of three readings was taken as final. In the limlith an
additional head, any MCN variation if present, wexed.
Two independent observers, both anatomists, redotie
findings.

Results

Out of 60 cadavers examined, AHB was seen in 113048

10 male and one female. The accessory muscle \eerhl

in three (27.3%) and unilateral in eight (72.7%MeTfour-
headed muscle was present on the left arm in onle ma
cadaver (1.7%) and rest of the cases had an émntdahtead
(16.6%). The female cadaver had a unilateral iefesthird
head.

In 120 upper limbs (males- 100, females- 20), BEhvtivo
heads was observed in 106 limbs (88.3%), threeshieadl3
(10.8%) and four heads in one (0.8%). The distidoubf
number of heads in BB is shown in Table 1. Thedente

of AHB was 13% in the males and 5% in the females.
Among the 14 limbs, AHB was left-sided in 10 (71)4&hd
right-sided in four (28.6%).

AHB was positioned deep to the main belly of biceps
brachii. It joined with the tendon of BB in 73.3%dawith
the belly in four 26.7%. The extra head joining teadon,
fused with it on the inferomedial aspect and formeabt of
the bicipital aponeurosis. AHB fused with BB in tluaver
part of arm near the elbow in 86.7% and in the heidd the
arm in 13.3%.

All the additional heads were humeral in origin.eTdrigin
was fleshy and vertically positioned in 93.3%, #gwdinous
and transversely placed in 6.7% [Figure 1B]. Thestmo
common site of origin was on the medial side ofghaft of
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humerus close to CB. The humeral origin was cleskion
the basis of its location: O1- anterolateral (betmeCB
insertion and brachialis), O2- posteromedial (mettiaCB
insertion), and O3- high humeral. The types O1,a0& O3
were observed in 60%, 26.7% and 13.3% respectivdig.
type O2 in one muscle extended to the medial intsoular
septum and fascia over brachialis, and coveredrtedian
nerve and brachial artery in the lower half of &me [Figure
1C]. Type O3 was either on the anterior aspecturfidrus
shaft just above brachialis attachment, or on trediat
aspect of shaft below teres major insertion. Ad tiipe O2
cases were right-sided, whereas, type O3 weresiéd.
Type O1 was left-sided in 88.9%.

On the basis of morphology, three types of AHB were
encountered: I- long, thin and narrow [Figure 1B];long,
thick and broad; IlI- short, thick and broad [FigutA].
Type | appeared in six (40%), type Il in seven T46), and
type 11l in two (13.3%) limbs. All type | cases abd.1% of
type Il were left-sided, and type Il was equaligtdbuted
on both the sides. The length of AHB varied frond %
18.1 cm, the average being 11.6 + 4.0 cm. The neragth
on the right and left sides was 9.8 + 3.3 cm and #23.9
cm, respectively. In males, mean length on thet sgte was
9.8 + 3.3 cm and that on the left was 12.3 £ 4.2 Time
length of AHB in specimen from the female cadaversw
13.6 cm.

MCN supplied the AHB in all cases except one whéeN
was absent, and a branch from the lateral cord ligapft
[Figure 2F]. An added innervation to AHB from MN wva
observed in three (21.4%). In the presence of AMEN
was posterior to it in 92.3%, and anterior to i7iii%.
Incidence of concurrent AHB and MCN variations was
42.8% [Table 2]. Two types of variations were sedrsence
of MCN, and COBs between MCN and MN [Fig 2]. COBs
were directed from MCN to MN in 80%, and in oppesit
direction in others. All the nerve variants werdateral and
were on the same side as AHB. Four out of six (80&e
located on the left side. The COBs were given off i
proximal third of arm either before entry of MCNtanCB
[Figure 2E] or during its passage through CB [Feg@A].
The distal COBs were more common (66.7%), and their
position was between AHB and BB [Figure 2B], betwee
AHB and brachialis [Figure 2C], and medial to AHB
[Figure 2D and 2E].

Table 1: Incidence of additional heads of biceps lachii

Number of Male Female
heads in Right Left Right Left
biceps N=50 N=50 N=10 N=10
brachii (%) (%) (%) (%)
Two head 46 (92 41 (82 10 (100 9 (90
Three heac 4 (8 8 (16 0 1(10
Four heads 0 1(2) 0 0
Table 2: Incidence of musculocutaneous nerve (MCN)
variations associated with additional head of bicepbrachii.
Type of MCN Variation Incidence (%) N=14
1 No MCN variation 8(57.2)
2 Absence of MCN 1(7.1)
3 One communicating branch 4(28.6)
between MCN and median nerve
4 Two communicating branches 1(7.1)
between MCN and median nerve
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Table 3: Incidence of additional head of biceps bmhii in various populations.

S.no. Study Year No. of cadavers POPULATION INCIDINCE (%)

1 Kosugi 1992 273 Japanese 21.2

2 Asvat 1993 85 South Africa 20.5 (Blacks) 8.3 (W)

3 Netc 199¢ 10C Brazil White-20 Black- 9

4 Rodriguez 2003 175 Spain 154

5 Nayak 2006 48 India 2.08

6 Rai 2007 42 India 7.1

7 Kumar 2008 48 India 3.33

8 Cheem 2011 63 India 2.8

9 llayperumi 2011 13t Sri Lanke 3.7

10 Pakhale 2012 40 India 3.75

11 Nasr 2013 50 Saudi Arabia 10

12 Ballesteros 2014 53 Columbia 19.8

13 Da Silva 2016 74 Brazil 135

14 Techataweewan 2016 162 Thailand 35

15 Present stuc 201¢ 6C India 18.2
Discussion

Figure 1: Morphology of additional head. A- Left upper limb
with short, thick and broad AH (type IIl). B- Left upper limb
showing long, thin and narrow AH (type 1) with tendinous
origin. C- Left upper limb with type Il AH (MN and brachial
artery passing under AH). AH: additional head; BB: biceps
brachii; BR: brachialis; MN: median nerve.

Figure 2: Variations in MCN. A: (left) one communicating
branch (COB) from MCN to MN. Branches to AH and Br arise
where COB joined MN. B: (right) one COB passing beteen
AH and Br. C: (left) one COB passing between CB andpper
margin of AH. D: (left) one COB passing from MCN to MN
and related medial to AH. E: (left) two COBs, firstarises from
MCN before it enters CB. Second COB supplied AH. F(right)
MCN absent and all the muscles are supplied by latal cord.
MCN: musculocutaneous nerve; CB: coracobrachialis;AH:
additional head; Br: brachialis; MN: median nerve; LCNF:
lateral cutaneous nerve of forearm; LC: lateral cod; UN:
ulnar nerve; BB: branch to biceps brachii; 1, 2: conmunicating
branches between median and musculocutaneous nerves

AHB was noted in 18.3% cadavers and 54.5% (sithe$e
had MCN variants in this study from the Indian plagion.
The variable incidence of the AHB in the different
populations is well documented (Table 3). The ianick is
high in the Thai and Colombian than in the SouthaAs
population from India and Sri Lanka” Ethnic differences
are presumed to be due to the morphological adapsain
the BB "8 However, compared to other Indian studies,
our study revealed a higher incidence of AHB.

In study by Asvat et al., extra head was more comimdhe
black (20.5%) compared to the whites (8.3%), anal study
by Neto et al., extra head was seen in 20% white 9%
black!™*! suggesting that the incidence of AHB may not
always be related to the race.

AHB is predominantly humeral in origin, and the nad
side of shaft near CB is the most frequent site of
attachment*®°1:162we found the humeral origin from
area close to CB insertion in 86.7%. The othessifeAHB
attachment can be pectoralis majdf;**?*?“shoulder joint
capsuld®®*¥ lesser tuberclE” greater tubercl&® deltoid
tuberosity® bicipital groove margins, and medial
intermuscular septuf® Accessory fibers can also come
from brachialis, long and short heads of BB, CBracoid
process® and origin from the deltoid fascia or insertion is
rare™ The origin near deltoid tuberosity, CB and pedisra
major insertion is seen in 8%, 6% and 4%, respelsti¥
The surgical approach to shoulder can be affecfed i
accessory muscle attaches close to the upper entieof
humerug*!

The knowledge of muscle origin is relevant to iptet cases
with suspected soft tissue injury to differentisteumatic
muscle split from the other causdRincon et al., classified
the origin as superior, inferomedial, and inferetat™ The
inferomedial type or origin from the medial sidetafmerus
shaft is the most commdH:*®! We identified anterolateral,
posteromedial and high humeral origins on the bakits
relation to CB insertion, and anterolateral was thest
common type.

The variations in insertion are believed to be tuéactors
affecting the muscle developmé#itkosugi et al. classified
the insertion into four types according to the dusof AHB

to the belly, tendon, short head, and long H¥drhe
insertion to the belly was found to be the most wmmn.
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This is similar to the study by Nasr and Hus$8iklowever,
according to Rincon et al., the muscle rarely jdhes biceps

belly.*”! As per our observation, the extra head mostlyduse

with the tendon. This is supported by reports freeveral
other author§,”10:11:17:2026]

Comparable to our description, other studies haserbed
AHB as a male dominated conditiif:***"1#2°2"However,
our sample had the limitation of being comprisea ehuch
smaller number of female specimens. It is more gdesyt in
the female cadavers from Japan and North Améfiéd,
and Techataweewan et al. have reported equal immdi
both the sexed!

Additional head is usually unilateral in
presentatioff:*182°2% A unilateral presentation could
present as an asymmetric lump in the upper limbsdodild
be considered while arriving at a diagnd€ls.As most
people are right-handed, AHB is mainly believedb® a
right-sided conditio*>*"?2527281Thoyugh some studies
have identified it to be more common on the feff 12!
Unilateral cases are common on the right side ifesnand
on the left side in femalé¥! In Thai, unilateral cases are
common on left side in both seX&sBilateral cases are
usually more common in mal€$!® In Thai population, it
was found to be equal in both seXéswe observed that

Additional head is related superficially to MCN/! MCN
passing beneath a large accessory muscle is vbleeta
compressiof® Though extra head is innocuous in the
majority, it becomes clinically relevant in instasc of
accessory head arching over the neurovasculanstescin
the arm where compressive symptoms can agp¥af We
observed one case of accessory muscle coveringamedi
nerve and brachial artery, similar to a case regoty
Nakatani et af®! In cases where MCN is absent, the
accessory head is supplied by NiN?*") Communication
between MN and MCN are clinically significant iretbases
of nerve entrapment and also place the nerve latdrsing
surgical procedures in the arm. The connecting diras
should be carefully pursued and approached to avoid
complications related to loss of nerve fib&t$® It has also
been proposed that presence of MCN variation inftes
the development of extra hedd. We observed
communicating branches with an additional head BfiB
35.7% cadavers, all unilateral and on the same asdthe
extra muscle. In comparison to classification byoiCht
al.BY three cases [Figure 2A, 2B, 2C] were similar to
pattern 2a and one case [Figure 2 E] was similaattern 3,
and we observed most COBs on left. Cases showrigs F
2B and 2C in our study were type Il, and case 2¢ b@th

unilateral cases were more common, and were mostly types | and Il variations as per the descriptioomr

observed on the left. Also, the third head was gesn
majority (92.3%) of cases with AHB, which concurihw
many earlier studigd*6711171925275re than four heads
in BB did not appear in our sample.

The morphology of extra head is variable. It isallsuwell
developed in the males where it is thicker on #fé $ide
and longer on the right side. In females, it issidared to be
thin, and also longer on the left but thicker ore th

right*1621 Average length of an additional head is 11.8
cm/®” which is analogous to our observation. However,

Cheema and Singla found it be the 12.9 cm in sarfinpte
north India that was comparable to the findings Sn
Lankan and Colombian populatiofis’*®!

The specific influence of AHB on joint movementdiiely
to depend on attachments. Muscle fibers from thadrus
will act only on the elbow joint and medial origom the
shaft would work in the favor of pronation unlikeetlong
and short heads! The overall muscle power will be
enhanced at the insertion site where AHB joins wfih
main BB tendon. This is likely to reflect in the wements
of flexion at the elbow and supinati&rf®!

During muscle development in the fetal life, myotorof
each somite forms epimere and hypomere. At thditotaf
limb buds, myogenic cells from hypomeres move ithte
limbs in the fifth week of the intrauterine lifeh& ventral
mass derived from these myoblasts forms musclethef
anterior compartment of the arm including BB. The
definitive structure of muscles depends on varitagtors
like the segmentation of muscle mass, effect ofoX-b
factors, and apoptosis during morphogen&dis. A
disturbance in these factors could lead to the &bion of
accessory muscles. As spinal nerves grow into imb |
buds, muscle cell surface molecules direct the troand
distribution of axon& This provides a likely explanation
for variation in the nerve course and branchingsei¢h the
accessory muscle heads.
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Venieratos and Anagnostopoulou, whereas, accotdittige
classification proposed by Guerri-Guttenberg angblotti,

cases in figures 2B and 2C are similar to type 1-B; and
case 2E is comparable to type I-A-2-PD. Case 2Adver,

did not fit these two classifications. Also, thensitaneous
presence of an additional head of BB was not ndtineany
these studie$?*¥

Conclusion

Based on the present study, incidence of additibead in
biceps brachii is 18.3% in the Indian populatiorHB\ is

more common in males and is most likely to be seem
third head on the left side. AHB can be associatth

ipsilateral nerve communications, which would pblssi
complicate surgical procedures in arm. Awarenesthese
variations is also important for the interpretatiaf

radiological scans.
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