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ABSTRACT

Background: Communications between nerves are relatively common, and individual variations in their anatomical
organization have been described in various studies. Knowledge of the prevalence of such variations is necessary
when establishing the diagnosis of neuropathies and surgical landmarks. This study has as purpose to report
the incidence, type, topography of the presence of median and ulnar nerve communication in the forearm

Materials and Methods: Anatomical dissection of 30 forearms procured from 15 formalin preserved cadavers
was carried out in the Department of Anatomy, K.P.C Medical College and Hospital, Kolkata to demonstrate the
incidence, type, topography of the anastomotic branch and the length was measured with a measuring tape. A
photograph of the anomaly was also taken.

Results: The anastomosis was found in only two cases (6.6 %). Both the cases the communication was unilateral.

Conclusion: The Median and Ulnar nerve anastomosis has been extensively observed by anatomic and
electromyographic studies. Understanding the existence of this variation, its location and its possible presentation
is important to help physicians and hand surgeons to understand both anatomic variations and paradoxical
complaints of sensory and motor loss of patients.
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INTRODUCTION Martin, a Swedish anatomist was the first one

Following several studies, two types of
communications between median and ulnar
nerve was found in the forearm. Branches
between the median nerve or sometimes the
anterior interosseous nerve may arise above and
pass downwards and medially between flexors
digitorum superficialis and profundus, deep to
the ulnar artery, to join the ulnar nerve and it is
called Martin-Gruber anastomosis (MGA) [1].
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to notice the connection between the nerve
fibres of the median and ulnar nerves in the
forearm [2]. In 1870, Gruber found 38 such
communications after dissecting 250 forearms
(15.2%). Thus, the anastomosis is known as
Martin-Gruber anastomosis [3]. It can arise from
the median nerve directly or the anterior
interosseous nerve or the branches destined to
supply the deep flexor muscle of the fingers
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proximally and communicate with the ulnar
nerve distally [4].

Another type of anastomosis has been encoun-
tered in the forearm. Here, the anastomotic
branch arises proximally in ulnar nerve and joins
distally with the median nerve, and is called
Martin-Gruber reverse anastomosis or Marinacci
communication. Marinacci found a patient with
traumatic median nerve injury in the forearm
with intact innervations of the hand muscles
supplied by the median nerve ; though there was
associated denervation of the flexor muscles in
forearm [5]. This anastomosis is less frequent.

The median and ulnar nerve communicationsin
the palm are Riche-Cannieu anastomosis and
Berretini Anastomosis. The incidence of Martin
Gruber connection ranges between 5% to 40%,
with an average of 17% [6]. Most of these
connections from the median nerve to the ulnar
nerve are unilateral, whereas bilateral in about
10-40% of the cases [7]. Martin Gruber connec-
tion was more common and found bilaterally in
cases of trisomy 21 [8]. When present, isolated
ulnar and median nerve lesions may produce
unpredictable pattern of intrinsic muscle paraly-
sis owing to median nerve innervation of a vari-
able number of intrinsic muscles of the hand [9].
No sexual differences in the incidence of the
anomaly has been reported [10]. This anomaly
seems to be inherited in autosomal dominant
mode [11].

MATERIALS AND METHODS

Atotal number of 30 forearms from 15 formalin
preserved cadavers (3 females, 12 males aged
between 50- 70 years of age) were carefully
dissected to demonstrate median and ulnar
nerve communication in the Department of
Anatomy, K.P.C Medical College and Hospital,
Kolkata. The forearms selected were not
deformed due to injury, malformation or
scarring. The dissection was done by giving a
midline incision in the forearm and a lower third
of the arm and reflecting the skin along superfi-
cialand deep fasciae to the radial and ulnar sides
respectively, to expose the forearm muscles. The
superficial muscles of the forearm were
retracted and the presences of any communica-
tion between the nerves of the forearm were
analyzed. Photographs of the dissected forearms
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were then taken to demonstrate the anomaly and
show their relation with adjacent structures. The
size of the anastomosis was measured by a
measuring tape. Any other anomalies- muscu-
lar, vascular or neural were also noted.

RESULTS

The presence of Martin-Gruber anastomosis was
demonstrated in two of the thirty dissected
forearms (6.6 %), one being on the left side (3.3
%) (Fig 1) and one of the right side (3.3%) (Fig
2).The average size of the anastomotic branch
from its origin to the junction with ulnar nerve
was 6.6 cm (Table 1). Topographically, both the
communicating branches originated from the
median nerve proximally. One of the branches
originated from the median nerve at the level of
the elbow (Fig 1) and the second one originated
about 2.5cm below the elbow. (Fig 2) In both
cases, the branches followed an oblique path
from its origin, passing deep to the ulnar artery.
Both the branches passed between the superfi-
cial and deep flexor muscles of the fingers. In
both cases, there was only one anastomotic
branch which joined the ulnar nerve. One of
the specimens was associated with vascular
anomalies (Fig 2).

The brachial artery had a normal course upto
the cubital fossa; it then divided into radial
artery and a common trunk which passed deep
to the ulnar head of pronater teres. The com-
mon trunk gave rise to the ulnar recurrent branch
and then trifurcated into three branches from
medial to lateral: one branch followed the course
of ulnar artery accompanied by the ulnar nerve
on its medial side, second branch- posterior
interosseous artery had a short course in the
flexor compartment, third branch- anterior
interosseous artery passed down in front of the
interosseous membrane along with the anterior
interosseous nerve. The other upper limbs in
both cases revealed no abnormalities.

Table 1: Topography and measurements of the median-
ulnar anastomoses found in the study.

. Number of — Proximal nerve of | Measurement
S.no.| Side Direction .
branch origin (cm)
1 Left 1 Downwa.rds and Median nerve 2.9
medially
2 | Right 1 Downwa.rdsand Median nerve 3.7
medially
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Fig. 1: Flexor aspect of right forearm showing a
communicating branch (CB) extending downwards
and medially from the median nerve (MN) at the
level of elbow to the ulnar nerve (UN) between the
superficial flexor muscles (SFM) and deep flexors.

Fig. 2: Flexor aspect of left forearm showing a communicat-
ing branch (CB) extending downwards and medially from the
median nerve (MN) in the upper part of the forearm passing
deep to the ulnar artery(UA) lying between the superficial
flexor muscles (SFM) and deep flexors joining the lateral side
of the ulnar nerve(UN) in the middle third of the arm. The
brachial artery (BA) divided into radial artery (RA) and a com-
mon trunk (CT). The common trunk (CT) gave rise to the ulnar
recurrent branch and then trifurcated into three branches
from medial to lateral: one branch followed the course of
ulnar artery (UA) with the ulnar nerve (UN) on its medial side,
second branch- posterior interosseous artery (PIA) had a short
course in the flexor compartment, third branch- anterior in-
terosseous artery (AlA) passed down along with the anterior

interosseous nerve.

L ek

DISCUSSION anomaly. The incidence of Martin-Gruber anas-

The knowledge of this anatomical variation can-
not be overlooked by practitioners considering
our lack of availability of various diagnostic tools
such as special imaging and electrodiagnostic
procedures. These anomalies can therefore lead
to incorrect diagnosis of nerve injuries which
results in ineffective treatments. Martin Gruber
connection or median-to-ulnar nerve communi-
cationin the forearm is a frequently encountered
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tomosis was described by Gruber [3] as (15.2%),
Kimura et al. [7] (17%), Uchida et al [12] (17%),
Amoiridis [13] (32%), Nakashima [4] (21.3%), Shu
et al. [14] (23.6%), Rodriguez-Niedenfuhr [6]
(13.6%), Erdem et al. [15] (27%), Sarikcioglu et
al.,, [16] Prates et al. [10] (7.8%), Lee et al. [17]
(39%), Kazaros et al. [18] (10%), Almeida et al.,
[19] and Felippe et al. [20] (10%). In our study,the
incidence is 6.6%. There is a little variation
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regarding the laterality of the anastomosis.
Some studies report its right predominance
(Nakashima et al [4]; Shu et al. [14], Sarikcioglu
et al. [16], Felippe et al [20]), whereas some
others reported left side dominance (Almeida
et al [19]; Lee et al. [17]). Kimura et al [7]
reported a majority of bilateral cases while
Taams [21] and Prates et al [10] did not find any
significant differences between both sides as
in our study.

Various researchers have classified this anomaly
into different types according to their origin,
course, topography and supply. Leibovic et al [9]
described four types of Martin Gruber connec-
tion- 60% are type |, sending motor branches
from the median to the ulnar nerve to innervate
median muscles; 35% are type Il, sending motor
branches from median to ulnar nerves toinner-
vate ulnar muscles; 3% are type lll, sending
motor fibers from the ulnar to the median nerve
to innervate median muscles; and 1% are type
IV, sending motor fibers from the ulnar to the
median nerve to innervate ulnar muscles [6].

Nidenfuhr et al., [6] studied of 70 human cadav-
ers and classified Martin-Gruber anastomosis
in 2 patterns with each pattern being further
subdivided into 3 types as follows: Pattern I-
Anastomosis by one branch, Pattern II- Anas-
tomosis by two branches. Both these patterns
are further classified into 3 types, each depend-
ing upon origin of the anastomotic branch from
median nerve or its branches as follows: Type
a- anastomotic branch originates from branch
to superficial forearm flexors-47.3%. Type b-
anastomotic branch originates from main trunk
of median nerve-10.6%. Type c- anastomotic
branch originates from anterior interosseous
nerve-31.6%. In our study both the cases pre-
sented a Pattern | b type of anastomosis.

Cavalheiro et al [22] classified the anastomo-
sis into six types based on cadaveric study of
100 forearms : type |: anastomosis between the
anterior interosseous branch of median nerve
and the ulnar nerve ; type Il: anastomosis be-
tween the anterior interosseous branch of
median nerve and the ulnar nerve by two branc
hes (double anastomosis); type lll: anastomo-
sis between the median nerve and the ulnar
nerve; type IV: anastomosis between branches
of the median nerve ( destined for the flexor
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digitorum profundus muscle of the fingers) and
ulnar nerve; these fascicles form a loop with
distal convexity ; type V: intramuscular anasto-
mosis ; and type VI: anastomosis between a
branch of the median nerve (destined to the
flexor digitorum superficialis muscle) and the
ulnar nerve. According to this classification, our
study showed Type Il in both the cases.

In our study, in both cases the anastomotic
branches laid between the flexor digitorum
superficialis and flexor digitorum profundus
muscles. Similar findings were found in various
other studies, while Caeteno et al, [23] Verchere
et al [24] and Nakashima et al [4] reported in-
tramuscular anastomoses that passed within the
flexor digitorum profundus muscle. Nakashima,
Caeteno even believed that these anastomotic
nerve fibres were destined to supply the flexor
digitorum profundus muscle contrary to the other
authors, who believed that the anastomotic
branch supplied the intrinsic muscles of the
thumb and the first dorsal interossei. Several
electrophysiological studies demonstrated a
greater incidence of supply to the first dorsal
interossei [12,15,25]. In our study, the
anastomostic branch in both cases passed deep
to the ulnar artery. This is in compliance to most
of the studies. Prates studied 32 forearms and
reported 2 cases where the anastomotic branch
passed superficial to the ulnar artery [10].

Research has cited the importance of Martin
Gruber connection in different clinical scenarios.
In presence of such anastomosis, median nerve
lesions in the hand may present with partially
or completely unaffected intrinsic muscles of the
hand. Carter et al described such a patient
presenting with partial thenar muscle atrophy
associated with bilateral symptomatic carpal
tunnel syndrome. The patient had severe
atrophy of his Abductor Pollicis Brevis on one
side and less severe atrophy on the other side.
The functions of the other muscles of the
thenar eminence were relatively intact inspite
of compromised sensory symptoms due to
bilateral carpal tunnel syndrome. The mecha-
nism of this partial thenar muscle preservation
would be that the anastomotic nerve fibers that
had crossed over from the median nerve to the
ulnar nerve in the forearm ran unimpeded to the
muscles of the thenar eminence so that their
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muscle bulk and function was preserved [26].

Brandsma et al described two clinical cases, with
complete rupture of the ulnar nerve at the
elbow and median nerve injury in the wrist,
secondary to leprosy neuropathy. The function
of the first dorsal interosseous muscle and the
flexor pollicis brevis were retained along with
absence of typical clawing of fingers as
observed in median and ulnar nerve lesion.
These findings were attributed to the presence
of Martin-Gruber anastomosis [27].

Although some research claims that the cross
over fibres are purely motor in nature, other stud-
ies consider the possibility of sensory fiber cross-
over as well [7]. So abnormal symptoms of
sensory radiation may be produced [28]. Shafic
et al. reported the case with symptomatic car-
pal tunnel syndrome, having negative results in
provocative tests such as Tinel’s sign and
Phalen’s test. This patient on the otherhand,
presented evident signs of ulnar nerve compres-
sioninthe elbow. Nerve stimulation in the epitro-
chlear-olecranon groove triggered the typical
symptoms of carpal tunnel syndrome, which
confirmed the transfer of sensory nerve fibres
from the ulnar nerve to the median nerve [29].

In our study, one of the specimen (Fig: 2) is
associated with vascular anomaly — with the
brachial artery division into radial artery and a
common trunk which gave rise to three branches
from medial to lateral: one branch followed the
course of ulnar artery along with the ulnar nerve
medially, second branch- posterior interosseous
artery had a short course in the flexor compart-
ment, third branch- anterior interosseous artery.
Review of literature has revealed a case report
of superficial ulnar artery in the same extremity
where Martin Gruber connection is present [30].

CONCLUSION

It is clear from the present study, that the
median -ulnar anastomosis though a relatively
common finding may present in unusual
manner with discrepancies between the history
and the physical examination. Wherever neuro-
logical symptoms exist, a thorough clinical
examination of the peripheral nerves must be
conducted and if possible should be confirmed
with electrodiagnostic studies. The knowledge
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of the existence of the anastomosis between
the median and ulnar nerves in forearm, its types
of presentation and its anatomical disposition
is extremely important for the correct diagnosis
of neuropathies (Carpal tunnel, Cubital tunnel,
Leprosy neuropathy). In addition, it is essential
to differentiate complete nerve damage from a
partial injury of a peripheral branch to prevent
complications in surgical procedures. In this way
we can give better patient care.
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