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Case report

Bilateral anatomical variations of the hand extensors
Ferreira Arquez H

Abstract:

Background: The purpose of this paper is to describe an anatomical variation of the hand
extensor on the little finger of the right hand which receives four tendons, condition unknown,
as it is the first case reported so far in the literature. The human extensor tendons of hand
often display an array of variations. Awareness of the anatomy and variations of the extensor
tendons on the dorsum of the hand is necessary not only for the anatomist but also for
surgeons when considering tendons for hand surgery, tendon rerouting or transplants.
Materials and Methods: Bilateral anatomical variation in the upper limb was found during
routine dissection in a 75-year-old male cadaver in the Morphology Laboratory at the
University of Pamplona. The variations were recorded and photographed. Result: In the left
hand the extensor digitorum there was a single tendon to the index, double tendon to the
middle, triple tendon to the ring finger, a single tendon to the little finger or digiti minimi. The
extensor digiti minimi has double tendon. In the right hand the extensor digitorum there was
a single tendon to the index, triple tendon to the middle finger, triple tendons to the ring
finger, a double tendon to the little finger. The extensor digiti minimi has double tendon. The
little finger receives four tendons, 2 of extensor digitorum and 2 of extensor digiti minimi. The
dorsum of the left hand and right showed juncturae tendinum type 2, between the extensors
tendons in the 3rd intermetacarpal space; type 3, between the extensors tendons in the 4th
inter metacarpal space. Conclusion: The presence of multiple tendons may alter the kinematics
around the site of attachment to the phalanx. Knowledge of anatomical variations and normal
anatomy of the extensor tendons, may be helpful while performing graft and tendon transfer
operations.
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Introduction

The hand is one of the special organs of human body
which is most frequently injured. The synergistic
contraction of the extensor musculature along with
the long flexors is mandatory for an efficient grip on
different objects in daily life'. A detailed knowledge
of the extensor tendons anatomy is essential for
under standing the consequences of tendon injury
at various levels. This tendon injury may be either
due to external trauma or spontaneous rupture as in
patients with rheumatoid arthritis and distal radio
ulnar joint osteoarthritis®>. Usually the dorsal surface
of the hand is devoid of muscle bellies, it only
contains the tendons of the extensor muscles of
the hand. Between the dorsal carpal ligament and
the carpal bones six compartments are formed for
the passage of tendons. Found on the dorsum of

the hand are the tendons of the extensor pollicis
longus (EPL), extensor digitorum (ED), extensor
indicis (EI), and the extensor digiti minimi (EDM).
However, the existence of variant muscles on
the dorsum of the hand has been documented in
numerous publications®. Finger extension involves
simultaneous actions of both extrinsic and intrinsic
extensor muscles. Extrinsic muscles originate in
the elbow and forearm and include the following:
extensor digitorum, extensor indicis, and extensor
digiti minimi. The extensor digitorum muscle
originates to level lateral epicondyle of the humerus
and ends in four tendons, one for each digit except
for the thumb. The extensor digiti minimi muscle
originates to level lateral epicondyle of the humerus
and ends in one tendon that inserts into the extensor
expansion of the 5th finger.
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The primary function of these muscles is extension of the
metacarpophalangeal (MCP) and interphalangeal joints.
The intrinsic muscles that originate and insert within
the hand are the lumbrical and interosseous muscles.
The function of these muscles is primarily to extend
the interphalangeal joints and secondarily to contribute
to flexion of the metacarpophalangeal joint. These
groups of extrinsic and intrinsic muscles are coordinated
by a series of stabilizing retinacular structures, which
facilitate balanced transmission of muscular force.
These structures are found in the dorsum of the carpum
is extensor retinaculum, the hands is intertendinous
connections, and the fingers are extensor hood,
retinacular and triangular ligaments*>.

Connexus intertendineus, juncturae tendinum (JT) or
oblique tendinous connections between the extensor
tendons of the fingers on the dorsum of the hand
are commonlyobserved.Three types of juncturae
tendinum(JT) are identified between the tendons
of extensor digitorum in the 2nd, 3rd and 4th
intermetacarpal spaces (IMS) of hands. Type 1 juncturae
tendinum, made of thin filamentous intertendinous
fascia; Type 2 juncturae tendinum, formed of dense
thick well defined ligamentous bands; Type 3 juncturae
tendinumwhich consisted of tendon slips, was the most
frequently identified in all juncturae®. Anatomical
variation of the extrinsic extensor tendons are frequent
and knowledge is important when assessing the
traumatized or diseased hand and provide significant
information to hand surgerons, when considering
tendons for repair or transfer.

Materials and methods

The described human extensor tendons anatomic
variations were found in the right and left side of a
male cadaver of 75 years of age during routine upper
limbs dissection in the Morphology Laboratory at
the University of Pamplona developed by training
medical students. The history of the individual and
the cause of death are not known. The topographic
details were examined by casual dissection and the
variations were recorded and photographed.
Results

Left hand: In the left forearm the extensor digiti
minimi (EDM) muscle originates to level lateral
epicondyle of the humerus, passing inferiorly to
the extensor retinaculum (ER) ends in double
tendons that inserts into the extensor expansion of
the 5th finger. The extensor digitorum(ED) muscle
originates to level lateral epicondyle of the humerus
and continued downwards, passing inferiorly to the
extensor retinaculum (ER) to split into individual
tendons for each of the finger. There was a single

tendon to the index, double tendon to the middle,
triple tendon to the ring finger, a single tendon to
the little finger. The dorsum of the hand showing
juncturae tendineum type 2, between ED 3, ED 4
in the 3rd. intermetacarpal space of a left hand;
juncturae tendineum type 3 between ED 6, ED 7 in
the 4th intermetacarpal space of a left hand. The
extensor digiti minimihas double tendon. The little
finger receives three tendons.

Figure 1. Left Hand: EI: Extensor indicis tendon;
E.D: Extensor digitorum; ED 1: single tendon
of extensor digitorum to the index finger; ED 2,
ED 3: double tendon of extensor digitorum to the
middle finger; ED 4, ED 5, ED 6 : triple tendons of
extensor digitorum to the ring finger; ED 7: tendon
of extensor digitorum to the little finger; EDM:
Extensor digiti minimi; EDM 1, EDM 2: double
tendon inserted into little finger. The dorsum of
the hand showing juncturae tendinum type 2,
between ED 3, ED 4 in the 3rd. intermetacarpal
space of a left hand; and juncturae tendinum type
3, between ED 6, ED 7 in the 4th intermetacarpal
space of a left hand.

Right hand: In the right foream the extensor digiti
minimi (EDM) muscle originates to level lateral
epicondyle of the humerus , passing inferiorly
to the extensor retinaculum (ER) ends in double
tendons that inserts into the extensor expansion of
the Sth finger. The extensor digitorum (ED) muscle
originates to level lateral epicondyle of the humerus
continued downwards, passing inferiorly to the
extensor retinaculum to split into individual tendons
for each of the finger. There was a single tendon
to the index, triple tendon to the middle finger,
triple tendons to the ring finger, a double tendon to
the little finger. The dorsum of the hand showing
juncturae tendinum type 2, between ED 3, ED 4,
ED 5 in the 3rd. intermetacarpal space of a right
hand; juncturae tendinumtype 3, between ED 7, ED
8 in the 4th intermetacarpal space of a right hand.
The extensor digiti minimihas double tendon. The
little finger receives four (4) tendons 2 of extensor
digiti minimi and 2 of extensor digitorum.

Figure 2. Right hand. EI: Extensor indicis;
ED: extensor digitorum; ED 1: single tendon to
the index; ED 2,ED 3,ED 4: three tendons to the
middle finger; ED 5, ED6, ED7: three tendons
to the ring finger; ED 8, ED 9: double tendon
inserted into little finger; EDM: extensor digiti
minimi; EDM 1, EDM 2: double tendon inserted
into little finger; The dorsum of the hand showing
juncturae tendinum type 2, between ED 3, ED 4,
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TYPE3

TYPE 2

Figure 1

ED 5 in the 3rd. intermetacarpal space of a right
hand; and juncturae tendinum type 3, between ED
7, ED 8 in the 4th intermetacarpal space of a right
hand. The little finger receives four tendons, 2 of
ED and 2 de EDM

Discussions

The tendon of the extensor digitorum may exhibit
multiple variations in term of number. Even the
standard textbooks of anatomy mention that the
tendon ofextensor digitorum may be doubled
or even tripled in any of the digits and such a
variations has been reported to be more common
in the index or the middle finger’. Hence, even a
double tendon to any of the digits may be taken as
usual findings. There are even reports of double or
triple tendons to the long fingers, single or double
tendons to the little finger and occasionally double
tendons to the little finger®.

Nayak et al. (2008) remarks, on this purpose, that
‘the extensor compartment of the forearm is one
of the regions of the human body with frequent
variations of its content’'°.

Abdel-Hamid et al. (2013) report a single tendon
of extensor indicis in all cases of the specimens
studied*. Dass et al. (2011) detected a single tendon
ofextensor indicis in 98% of specimens''. In the
current case as well as previous studies *'*13, the
extensor indicis tendon was always medial and deep
to the tendon of extensor digitorum to the index
finger. The extensor indicis permits independent
extension of the index finger and is commonly used
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for tendon transfer'+1,

The number of extensor digitorum tendons may vary
from 3 to 7 proximal to the extensor retinaculum
and from 4 to 8 distal to it. Although, the incidence
of 4 tendons (32.6%) and 6 tendons (40%) were
the commonest both proximal and distal to the

extensor retinaculum .  El-Badawi et al.(1995)
reported 2-6 extensor digitorum tendons and 3-8
tendons proximal and distal to the ER respectively;
3 tendons (55.2%) and 4 tendons (60.77%) were
the commonest'?.

Hirai et al. (2001) declared the presence of single
tendons of the extensor digitorum to the index finger
in 92% of specimens studied'; nevertheless, they
were documented in all dissected specimens'!!?:!3,
Abdel-Hamid et al. (2013) report single tendons of
extensor digitorum to the index finger in 96.8%
of specimens and double tendons only in 3.2%
of cases*, in accordance to Von Schroeder et al.
(1995) who detected them in 2% °.

Single tendons of extensor digitorum to the middle
finger was reported by Abdel-Hamid et al. (2013)
in (41,1%)*. They were also recorded in 51-64 %
of specimens in previous studies ° > 1316, Single
tendons of extensor digitorum to the ring finger were
found in (6.3%)*. Also von Schroeder et al(1995)
and Zilber et al. (2004) reported single tendons
for extensor digitorum to the ring finger in 12%
and 18% respectively®!®. Contrary, much higher
incidence of single tendon of extensor digitorum to
the ring finger (62-96 % )observed by others studies
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12.17. 18 Double tendons of extensor digitorum to
the middle finger and extensor digitorum to the
ring finger were observed in 46.3% and 36.8%,
respectively?. However, a variable incidence was
recorded for their duplication, as low as 4% and
2% for extensor digitorum to the middle finger and
extensor digitorum to the ring finger, respectively'®
or as high as 39% for extensor digitorum to the
middle finger'® and 63% for extensor digitorum to
the ring finger®. Also, triple tendons of extensor
digitorum to the middle finger (12.6%) and
extensor digitorum to the ring finger (50.5%) was
reported*.Nevertheless, this incidence was variable
in previous studies ranging between 2 and 19%
forextensor digitorum to the middle finger'!: 2
and between 1 and 22% for extensor digitorum to
the ring finger'> 3. The percentage of quadruple
tendons of extensor digitorum to the ring finger
(6.3%) reported by Abdel-Hamid et al. (2013)
was on average between that documented by Hirai
et al. (2001)of 4% and by Zilber and Oberlin
(2004) of 8%; though their existence could not
be verified by some studies ! !> ¥, The tendon of
extensor digitorum to the little finger was reported
absent*. Yet, it was either replaced by a slip from
the common bifurcating tendon to both ring and
little fingers or by intertendinous connection with
the ring finger. Similarly, the common bifurcating
tendon and intertendinous connection were detected
in 126/181 (69.61%) of studied specimens'?.

Other researchers recorded different percentages
of absent extensor digitorum to the little finger
ranging between (2%)'® and (66%)!!. In specimens
studied by Abdel-Hamid et al. (2013) where
extensor digitorum to the little finger was absent,
extensor digiti minimi gave 2 to 3 tendons to
the little finger to replace its absence. This was
supported by Dass et al. (2011)who suggested that
in case of absent extensor digitorum to the little
finger or presence of a common tendon dividing
for both ring and little fingers, the extensor digiti
minimi compensated by giving 2 or 3 tendons to
the little finger'!. A single tendon of extensor
digiti minimi was found in all specimens proximal
to the extensor retinaculum®. In accordance, single
tendonof extensor digiti minimi was previously
documented proximal to the extensor retinaculum
in (92-95%) - 2. Double tendons of extensor digiti
minimi were detected in 75.8% and triple tendons
in 15.8% distal to the extensor retinaculum (4).
However, this duplication was recorded in (82-
87 %)*11:16 Band triplication in (2-8%)'>'%. In the

present case the little finger receives four tendons,
2 of extensor digiti minimi and 2 of extensor
digitorum, this variations described is unique, has
not been reported.

Reports often refer the presence of tendinous,
oblique tendinous or intertendinous connections
(juncturae tendinum) slips between the extensor
tendons on the dorsum of the hand. Von Schroeder
et al. (1995) classify these Juncturae Tendinum(JT)
of the extensor tendons into three types: Type I
juncturae consist of filamentous regions within the
intertendinous fascia; Type II consists of much
thicker and well-defined connecting bands; and Type
IIT consist of tendon slips from the extensor tendons
and were subclassified into «y» or «r» subtypes,
depending on shape 6. Hirai et al. (2001) in their
series of 548 cadaveric hand dissections found
that the most common pattern of intertendinous
connections wereclassified into Type I in the second
intermetacarpal space, into Type III-r in the third
metacarpal space, and into type III-y in the fourth
intermetacarpal space'®.The functional importance
of these juncturaewould be to strengthen the frail
tendons of the extensor mechanism of the fingers,
at the cost of some loss of independence of the 4th
finger® 223, Accordance with Govsa et al. (2011)
who described the 4™intermetacarpal spacesto
contain the thickest type of Juncturae Tendinum
(JT). This type can be used for repairing lacerated
or torn tendons, this suggestion was supported by
the histological similarity between type 3 Juncturae
Tendinum and tendons'’.

Injuries to the extensor tendons of the fingers are
common because of their poorly protected anatomic
location. Clinical reports emphasize the importance
of initial treatment and postoperative rehabilitation
in achieving a good outcome*. Because the
excursion of the extensor tendons over the fingers
is less than that of the flexors, preservation of
their length is far more critical to restoring the
normal tendon balance®. The relationship between
the location of injury and the outcome is an
important concept. The type of injury, deformity,
and surgical outcome will be different according
to the affected anatomic regions. As a result, the
categorical classification of tendon injuries into
anatomic zones is crucial to the diagnostic process.
As already mentioned, Verdan’s zone system is the
most widely accepted>2S.

Conclusion

Even though the extensor digitorum and extensor
digiti minimi are asymptomatic in most cases,
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authors feel it is still essential for surgeons to be
aware of possible variations of the extensor tendons
and to ensure these variations are not overlooked
in the differential diagnosis. These variations may
be asymptomatic but when requiring surgical
interventions an extra care must be taken especially
during routine hand surgeries. Presence of these
types of variant tendons on the dorsum of the hand
in persons who are involved in sports such as, golf,
cricket, tennis, weight lifting were the excessive
wrist movement is involved, may show some
symptoms. The presence of such thin tendons may
be vulnerable to rupture in diseases like rheumatoid

arthritis. If there is detailed knowledge of the
anatomy and prevalence of this variations, it can
help to prevent diagnostic errors, influence surgical
and interventional procedures and avoid surgical
complications during hand surgery.
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