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Anatomical variations of the structures related to the carpal tunnel are numerous and involve muscles,
tendons, vessels and nerves. The structures passing through the carpal tunnel include the tendons of
the flexor digitorum superficialis, flexor digitorum profundus and flexor pollicis longus, as well as the
median nerve. Anatomical variations in this region may predispose the median nerve to compression
and lead to carpal tunnel syndrome, which is the most often reported compression neuropathy. The most
common muscle variations involve the palmaris longus muscle, the flexor digitorum superficialis, the
abductor digiti minimi (ADM) and the lumbrical muscles. Vessels anomalies refer to the presence of a
persistent median artery and a superficial ulnar artery. The median and ulnar nerves can also be present
with variant course, division and anastomoses. The present manuscript reviews literature data on these
variations and underlines their clinical implications.
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Introduction
Anatomical variations in the carpal tunnel structures include variations in the nerves,
vessels, muscles and tendons of the wrist and hand and represent an often encountered
phenomenon [20]. The carpal tunnel is situated directly below the flexor retinaculum
(also known as transverse carpal ligament), which in turn extends from the trapezium
and scaphoid bones radially to the triquetrum and hamate bones in ulnar direction [20].
The tendons of the flexor digitorum superficialis (FDS) and flexor digitorum profundus
(FDP) for the index, middle, ring and little finger and the tendon of the flexor pollicis
longus (FPL) pass through the canal, as does the median nerve [20]. This explains why
anatomical variations in the region of the carpal canal may predispose the median nerve
to compression, a fairly frequent condition known as carpal tunnel syndrome (CTS).
CTS is the most common compression neuropathy and its surgical treatment is the most
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often performed type of hand surgery [1, 16, 19]. Compression neuropathies in the wrist
region can be provoked by different anomalous muscles and vessels, ligamentous attachments, ganglia, neoplastic masses, etc. [26]. Apart from causing these conditions,
anatomical variations in the structures of the wrist can in turn suffer iatrogenic injury
during diagnostic and surgical procedures in the hand if they are not taken into consideration [20].
The aim of the present article was to review the pertinent literature regarding anatomical variations of the carpal tunnel structures and to discuss their clinical significance with regard to CTS and possible iatrogenic injury to these anomalous structures.
Variations in muscle and tendon anatomy
Muscle variations which are most commonly associated with compression neuropathies
in the carpal tunnel include those of palmaris longus (PL), flexor digitorum superficialis (FDS) abductor digiti minimi (ADM) and the lumbrical muscles. PL is one of the
most variable muscles in the human body. Its variations include absence, duplication,
digastric PL, reversed PL, reversed PL coexisting with an additional ADM, PL with
intermediate muscle belly, deep PL, etc. [3-11]. Mitchell et al. [20] indicate that the
most significant variations of the PL in the context of CTS include the reversed PL with
a possible location of the muscle belly within the carpal tunnel, as well as the passing
of the final tendon of the PL through the carpal tunnel and its insertion onto the distal
part of the palmar fascia. Some authors associate the hypertrophy of this reversed PL
due to overuse in certain professional groups with a higher risk for median nerve compression and development of CTS [8, 22]. Anatomical variations of the FDS include
extension of the muscle body inside the carpal tunnel (which is also the most common
variation of this muscle), additional muscle belly or an anastomosis between the FDS
and PL [3]. Slavchev and Georgiev [26] reported the presence of an additional ADM,
which manifested itself as the concomitant presence of a CTS and distal ulnar tunnel syndrome. Anatomical variations of the flexor carpi ulnaris muscle [13] have also
been implicated in the possible development of median nerve compression, as well as
impairment of the function of the ulnar nerve and thrombosis of the ulnar artery [21].
Such variant muscles are best visualised through the new imaging techniques, such as
magnetic resonance imaging [14]. It is also worth mentioning the Linburg-Comstock
syndrome which develops on the basis of a tendinous connection between the tendons
of the FDP and the FPL. A symptomatic tendonitis of this connection may simulate the
symptoms of CTS [20].
Variations in vessel anatomy
Variations in the arterial network of the wrist include a persistent median artery and a
superficial ulnar artery [1, 3, 20]. The persistent median artery is a remnant from the
embryonic period and can be found in 1-16% of cases [1, 3] or 1.2-23% of cases [20].
This anatomical variation can be found together with a bifid median nerve [3]. Some
authors classify the persistent median artery into two types: antebrachial type – a short,
thin artery, which does not reach the level of the wrist and palmar type – a longer, large
vessel, which reaches the hand [10, 23]. This artery is usually asymptomatic and can
play a significant role in the blood supply of the forearm, the hand and the median nerve
in particular, which is why an injury to the vessel can compromise blood circulation in
that area [10, 20]. The presence of a persistent median artery of the palmar type, however, especially with a diameter of more than 2.0 mm, can cause compression of the
median nerve and lead to CTS [2]. As reported by Barfred et al. [2], this artery can be
found within the carpal tunnel during surgery for carpal tunnel release and it can also
worsen the symptoms of CTS due to induced inflammation [1]. Jelev and Georgiev [15]
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also describe an unusual type of median artery, which they refer to as ‘superficial brachiomedian artery’ due to its high origin from the brachial artery and superficial course
throughout the forearm.
The term ‘superficial ulnar artery’ refers to an ulnar artery situated deep to the
antebrachial fascia but superficial to the muscles of the forearm, which is found in 0.79.4% of cases [20]. It can be found together with other concomitant anatomical variations such as absence of PL and aberrant superficial palmar arch [25]. This course and
location of the artery place it at risk of puncture during injuries, diagnostic and surgical
procedures, which is why knowledge of this anomalous course of the ulnar artery is
important to physicians and nurses [25]. In particular, extended incision of the carpal
tunnel reaching proximally to the wrist crease during various interventions in this area
may jeopardize the structural integrity of the superficial ulnar artery [20].
Variations in nerve anatomy
One of the main structures found inside the carpal tunnel is the median nerve. Nume
rous variations of its usual anatomical course have been described, including bifid median nerve (resulting from a high bifurcation of the median nerve above the level of the
carpal tunnel), variations of the motor branch and the palmar cutaneous branch of the
nerve, as well as anomalous communications between the median and ulnar nerve [1,
3, 12, 18, 20, 28].
Usually, the median nerve divides into digital branches distal to the carpal tunnel.
A bifid median nerve refers to a high point of division of the median nerve, proximal
to the flexor retinaculum and has an incidence between 1 and 3.3% [20]. Georgiev et
al. [12] studied the prevalence of this variation in the Bulgarian population and found
one case of a bifid median nerve among 51 studied formol-carbol fixed cadavers and
two cases among 154 upper limbs of patients undergoing open carpal tunnel release.
This anomaly is more often associated with compression syndromes, since the crosssectional area is bigger than in the case of a single nerve [28]. As mentioned above, this
variation can coexist with a persistent median artery.
Variations in the take-off of the motor branch of the median nerve were classified
by Lanz based on studies by Poisel [18]. The extraligamentous type refers to a motor
branch taking off distal to the flexor retinaculum on the radial side of the wrist. This is
the most commonly encountered type (46% of cases) and is thus considered a usual anatomical presentation. The second most common type is the subligamentous one (31% of
cases), in which the motor branch arises from the median nerve inside the carpal tunnel.
The transligamentous type (23% of cases) is characterised by a motor branch piercing
the flexor retinaculum before continuing its course towards the muscles of the thenar.
Kozin [17] found the presence of more than one motor branch in 4% of cases during
a study on 101 fresh-frozen cadavers. Due to the usual presentation and variations of
the motor branch of the median nerve, Lanz [18] also underlines the importance of approaching the median nerve from the ulnar side when performing surgical interventions
in the carpal tunnel. The palmar cutaneous branch arises from the radial side of the median nerve and passes distally between the superficial and deep layer of the antebrachial
fascia, superficial to the flexor retinaculum. Reported variations of this branch include a
transligamentous course, as well as a palmar cutaneous branch located ulnar to the median nerve [20]. Knowledge of the anomalous courses of the palmar cutaneous branch
is important during surgical interventions in the area of the carpal tunnel, since damage
to the nerve fibres may result in a painful neuroma [20].
Anastomoses between the median and ulnar nerves are a frequently encountered
phenomenon. A sensory anastomosis between the median and ulnar nerve in the palm
is known as Berrettini’s anastomosis and is found in as high as 92% of individuals [1].
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Riche-Cannieu’s motor anastomosis (found in 77-100% of cases) most often refers to a
communication between the motor branch of the median nerve and deep branch of the
ulnar nerve [1]. The Martin-Grüber’s anastomosis refers to a median to ulnar connection in the forearm, which is found in 6 to 31% of individuals and provides alternative
patterns of innervation to the intrinsic muscles of the hand [20]. Finally, the Marinacci’s
anastomosis, referred to also as reverse Martin-Grüber’s anastomosis, is a rare, ulnar
to median nerve connection, described by Stancic et al. [27] during extended incision
of the carpal tunnel. Knowledge of these anastomoses between the median and ulnar
nerves is important for the accurate interpretation of electrophysiological studies and
reducing the risk of iatrogenic damage during surgical interventions [24].

Conclusion
Anatomical variations of the structures related to the carpal tunnel are numerous and
involve muscles, tendons, vessels and nerves. The present manuscript reviews literature
data on these variations and underlines their clinical implications. Knowledge of such
anomalies is important not only from a descriptive point of view, but also during everyday surgical practise, as they may be associated with pathological conditions, such
as carpal tunnel syndrome or can in turn be damaged during diagnostic and surgical
interventions, which may impair the normal anatomy and function of the upper limb.
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