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Abstract

The Martin-Gruber anastomosis (MGA) is the anastomosis in which the anastomotic branch
originates proximally from the median nerve (MN) and unites distally with the ulnar nerve
(UN). This is the most common form of “anomalous” innervation that have been reported in
the upper part of the forearm. This study has a purpose to report the incidence, type, topog-
raphy of MGA found and access the lenght and diameter of these anastomosis. For this study,
60 anterior forearms (30 right and 30 left) from adult adavers were dissected. The presence of
MGA was verified in 18,33% forearms. Single MGA anastomosis was found in 90,9%, corre-
sponding to type A in 10%, type B in 10% and type C in 80%, while double MGA was found
in 9,1%, both been duplification of type C. Anastomoses were found mainly on the right side
in anatomical examination (seven against four). No statistically significant difference was
found between men and women regarding the frequency of the MGA. In pattern I, the course
of of MGA was transveral in 90% of cases, and arched in 10%, while in pattern II, the supe-
rior connection was tranversal and the inferior was oblique. The MGA passed in front of the
ulnar artery in 3 cases and behind in 9 cases. The average length of the anastomosis was 6.2 cm,
while the average diameter was 1.14 mm. The anastomoses between MN and UN are clinically
relevant so therefore the knowledge of the existance of the MGA in the forearm, types of pres-
entation and topography is extremely important for the correct diagnosis of neuropathies as
well as essential to diferrentiate a complete damage from a partial injuries of peripheral nerves.
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Introduction

The Martin-Gruber anastomosis (MGA) is the anastomosis in which the anasto-
motic branch originates proximally from the median nerve (MN) and unites distally
with the ulnar nerve (UN). This is the most common form of “anomalous” innerva-
tion that have been reported in the upper part of the forearm. The MGA was first
described by Martin in 1763 (8). First, he described a branch between the MN and
UN that sometimes runs under the pronator teres muscle, and also a connection
between MN and UN in the palm which he called the “arcus volaris nervorum”. In
1870, Gruber dissected 212 forearms and found in 38 forearms that nerve branches
coursed from the MN proximally to the to the UN distally (2). MGA has been report-
ed to occur in 15-31% of subjects (7,18). Most often the anomalous axons innervate
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the first dorsal interosseous muscle and less often the hypothenar and thenar muscles
3).

The purpose of our research was to determine the incidence and also the char-
acteristics of MGA anastomosis in the Bosnian population. We also compared our
results to those of similar previous studies.

Material and Methods

Sixty anterior forearms of fresh frozen adult cadavers were dissected in the
Department for pathology of University Clinical Centre Tuzla and the morgue of
Tuzla during a time period of two years. The forearms with traumatic lession that
unables dissection are not included in the study. The forearm is placed in the position
of supine. An ‘S’ shaped incision from the lower limit od cubital fossa to the radio-
carpal joint was carried out. This type of incision covered the whole anterior surface
of the forearm. The superficial fascia was opened and the flexor carpi ulnaris muscle
and tendon mobilised to give full exposure of the ulnar artery and UN. The branches
of the UN in the forearm were dissected and all possible anastomoses between MN
and UN were documented. The level at which the connections joined the MN and
UN was measured using the medial epicondyle of the humerus as reference (point 0).
The NM, NU and their branches were carefully dissected with the aid of magnifying
glasses. The lenght and diameter of anastomosis were measured with a caliper. All
anatomical parts were photographed in order to register the anatomical arrangement
and the relation with adjacent structures. Statistical comparisons were performed
using the chi-squared test. P < 0.05 was regarded as statistically significant.

Results

Out of sixty forearms (30 left and 30 right), 46 belonged to males and 14 to
females. The age of cadavers ranged from 22 to 73 years (fig. 1). The lenght of cadav-
ers ranged from 162 to 185 centimeters while the lenght of dissected forearms meas-
ured from cubital fossa to radiocarpal joint ranged from 24,5 to 27 centimeters. The
presence of MGA was verified in 11 (18,33%) forearms which were studied. Single
anastomosis was found in 10 (90,9%) forearms-pattern 1, while in one forearm we
found 2 (1,67%) anastomosis in the left forearm-pattern 2 (fig. 2). It occurred in 6
of the 46 male cadavers (1 bilateral, 3 only in the right and 1 only in the left forearm)
and in 5 of the 14 female cadavers (1 bilateral, 2 only in the right forearm and 1 only
in the left forearm).Therefore, the MGA was found in 11 of the 60 forearms, which
were dissected. These anastomoses were classified into three types depending on the
level of origin of the anastomosis from the MN. Type A originates from the branch
of the MN to the superficial forearm flexor muscles, type B from the MN itself and
type C from the anterior interosseous nerve. Out of 10 single MGA, type A occurred
in 1 case (10%), type B in 1 (10%) and type C in 8 cases (80%) while double MGA was
found in 1 (9,1%) case, both being a duplification of type C. MGA was registered in
75% in one hand, and in 25% in both hands. Out of 6 unilateral MGA, 83,33% was
registered in right and 16,67% in left hand what is statistically significant (p=0,01). No
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Figure 1. Dissected forearms according to age and Figure 2. The incidence of Martin-Gruber anastomo-
sex. sis.

statistically difference was found between men and women regarding the frequency
of MGA (p=0,53). In pattern I, the course of of MGA was transveral in 9 (90%) cas-
es, and arched in 1 (10%) while in pattern II, the superior connection was tranversal
and the inferior was oblique. The MGA passed in front of the ulnar artery in 3 cases
and behind in 9 cases. The average length of the anastomosis was 6.2 cm while the
average diameter was 1.14 mm (fig. 3). Its origin was on average 6.6 cm distal to the
medial epicondyle, and its connection to the UN was on average 11.2 cm distal to the
medial epicondyle.

Figure 3. The lenght and diameter of Martin-Gruber anastomosis.
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Discussion

Anastomoses between MN and UN occur frequently in humans so therefore they
are considered aa a variation rather than an anomaly. In the forearms of 15% to 31%
of individuals, motor axons descend from the MN, crossing to the UN, and ultimate-
ly innervating intrinsic hand muscles which are normally supplied by the UN (7,18).
There is no consensus in the literature about the classification of anastomosis between
the two nerves (5). Classifications based on anatomical dissections have been proposed
by Nakashima (9), Hirasawa (4), Thomson (16), Shu et al. (13), Srinivasan and Rhodes
(14) and Rodriguez-Niedenfuhr et al. (11). Uchida and Sugioka (17), Oh et al. (10) and
Kimura et al. (6) proposed classifications based on electrophysiological examinations
while Shu (13) proposed classification based on histological examinations (5). The
incidence of anastomosis between the two nerves in earlier reports was 15.2% accord-
ing to Gruber (2), 15.5% according to Thomson (16), 10.5% according to Hirasawa (4),
15.5% according to Mannerfelt (7), 23% according to Taams (24), 21.3% according to
Nakashima (9), 13.1% according to Rodriguez-Niedenfuhr et al. (11). Mannerfelt (7)
was the first to use electrodiagnostic techniques to detect anastomosis between the
two nerves and reported a 15% incidence, while other authors, using the same tech-
nigue have reported incidences ofanastomosis ranging from 15% to 39% in normal or
unselected subjects. The highest incidence of the anastomosis was found for the first
dorsal interosseous muscle (FDI). Wilbourn and Lambert (18) reported that anoma-
lous axons innervate the FDI muscle much more commonly (95%) than the hypoth-
enar (41%) and thenar muscles (14%). We compared our results to those of previous
reports. Pattern I comprises cases with one anastomotic branch, and Pattern II those
with two anastomotic branches. Types A, B, and C are subdivisions depending on the
level of origin of the anastomosis from the MN. Type A originates from the branch
of the MN to the superficial forearm flexor muscles; type B from the MN itself and
type C from the anterior interosseous nerve. In our study, the incidence of the MGA
was 18,33%. Single MGA anastomosis was found in 90,9%, corresponding to type A
in 10%, type B in 10% and type C in 80%, while double MGA was found in 9,1%, both
been duplification of type C. Our results confirm that the anastomosis appears as sin-
gle or double branch with various origins from the MN or its branches, as already
described by Thomson (16), Srinivasan and Rhodes (14) and Taams(15). The unilateral
MGA occurs more often on the right side than on the left (15). In our study anastomo-
ses were also found mainly on the right side in anatomical examination (seven against
four). No statistically significant difference was found between men and women
regarding the frequency of these anastomoses. The course of the anastomosis has been
more frequently described as transverse or oblique than arched (2,4). We found that in
pattern I, the course of MGA was transversal in 9 cases and arched in 1 case, while in
pattern II, the superior connection was transversal and the inferior was oblique. MGA
passed in front of the ulnar artery in 3 cases and behind in 9 cases.

The anastomoses between MN and UN are clinically relevant. These connections
are often suggested as causes for unusual motor losses of the muscles in the hand
after peripheral nerve lesions (1,12). The knowledge of the existance of the MGA in
the forearm, its types of presentation and topography is extremely important for the
correct diagnosis of neuropathies, essential to differentiate a complete damage from a
partial injuries and to prevent complications during surgical procedures.



The Martin-Gruber Anastomosis in Bosnian population 381

References

1.

2.

8.

9.

10

11.

12.

13.

14.

15.

16.

17.

18.

Cliffton E (1948) Unusual innervation of the intrinsic muscles of the hand by medi-
an and ulnar nerve. Surgery 23:12-31.

Gruber W (1870) Uber die Verbindung Des Nervus medianusmit dem Nervus
ulnaris am Unterarme des Menschen undder Saugethiere. Arch Anat Physiol Wis-
sen Med 3.

. Gutmann L (1993) AAEM minimonograph: important anomalous innervations of

the extremities. Muscle Nerve 16: 339-347.

. Hirasawa K (1931) Untersuchungen uber das periphere Nerven-system, Plexus bra-

chialis und die Nerven der oberen Extremitidt. Arb Anat Inst Kaiserlichen Univ
Kyoto A2: 135-136.

. Kazakos K, Smyrnis A, Xarchas K, Dimitrakopoulou A, Verettas DA (2005) Anasto-

mosis between the median and ulnar nerve in the forearm. An anatomical study
and literature review. Acta Orthop Belg 71:29-35.

. Kimura J, Murphy MJ, Varda DJ (1976) Electrophysiological study of anomalous

innervation of intrinsic hand muscles.Arch Neurol 33: 842-844.

. Mannerfelt L (1966) Studies on the hand in ulnar nerve paralysis. A clinical-exper-

imental investigation in normal and anomalous innervation. Acta Orthop Scand
87(2): 19-29.
Martin R (1763) Tal om nervus allmanna Egenskaperi Mannisikans Kropp. Las
Salvius.
Nakashima T (1993) An anatomic study on the Martin-Gruber anastomosis. Surg
Radiol Anat 15: 193-195.
. Oh 9], Claussen GC, Ahmad BK (1995) Double anastomosis of median-ulnar and
ulnar-median nerves: report of an electrophysiologically proven case. Muscle
Nerve 18: 1332-1334.
Rodriguez-Niedenfuhr M, Vazquez T, Parkin I,Logan B, Sanudo JR (2002) Martin-
Gruber anastomosis revisited. Clin Anat 15: 129-134.
Rowntree T (1949) Anomalous innervation of the hand muscles. ] Bone Joint Surg
31-B: 505-510.
Shu H, Chantelot C, Oberlin C, Alnot JY, Shao H (1999) Anatomic study and
review of the literature on the Martin-Gruber anastomosis. Morphologie 83: 71-74.
Srinivasan R, Rhodes J (1981) The median-ulnar anastomosis (Martin-Gruber) in
normal and congenitally abnormal fetuses. Arch Neurol 38: 418-419.
Taams KO (1997) Martin-Gruber connections in South Africa. An anatomical
study. ] Hand Surg 22-B: 328-330.
Thomson A (1893) Third annual report of the Committee of Collective Investiga-
tions of the Anatomical Society of Great Britain and Ireland for the years 1891-
1892. J Anat 27: 183-194.
Uchida Y, Sugioka Y (1992) Electrodiagnosis of Martin-Gruber connection and its
clinical importance in peripheral nerve surgery. ] Hand Surg 17-A: 54-59.
Wilbourn AJ, Lambert EH (1976). The forearm median to ulnarnerve communica-
tion: electrodiagnostic aspects. Neurology 26:368.



	Discovery and development of the cardiovascular system with a focus on angiogenesis: a historical overview
	Gianfranco Natale1,2 and Guido Bocci3,*
	Mast cells, an evolutionary approach
	Paola Saccheri1, Luciana Travan1, Domenico Ribatti2 and Enrico Crivellato1,*
	Camillo Golgi: the conservative revolutionary
	Paolo Mazzarello
	Structure, morphology and signalling development mechanisms of human salivary glands
	Margherita Sisto*, Domenico Ribatti and Sabrina Lisi
	Position of mandibular foramen and its clinical implications
	Abebe Muche1,*, Arthur Saniotis2,3,4
	Erasistratus of Chios: a pioneer of human anatomy and physiology
	Theodoros Mariolis-Sapsakos1, Maria Zarokosta1,*, Menelaos Zoulamoglou1, Theodoros Piperos1, Euthumios Nikou1, Anastasios Katsourakis2, George Noussios2
	An accessory tendon of flexor digitorum superficialis to the fifth digit
	Logan S. Bale1,2, *, Sean O. Herrin1
	Anatomy of the hippocampus and its emerging roles in modulating emotion-dependent autonomic activities
	Itopa E. Ajayi
	An application of the graph theory to the study of the human locomotor system
	Ferdinando Paternostro1, Ugo Santosuosso1, Daniele Della Posta2, Piergiorgio Francia1,*
	Morphology of the caudate lobe of the liver in a Caribbean population
	Michael T. Gardner1, Shamir O. Cawich2,*, Yuxue Zheng1, Ramanand Shetty1, Diane E. Gardner1, Vijay Naraynsingh2, Neil W. Pearce3
	The Martin-Gruber Anastomosis in Bosnian population: an anatomical study 
	Renata Hodzic1,*, Ermina Iljazovic2, Nermina Piric1, Sanela Zukić1
	Morphometric evaluation of the infraorbital foramen in human dry skulls of South Indian population 
	Bhagath Kumar Potu1,*, Gowtham Chandra Srungavarapu2, Thejodhar Pulakunta3
	Anatomical variations in position of mandibular foramen: An East European morphometric study in dry adult human mandibles for achieving a successful inferior alveolar nerve block
	Nityanand Jain1,* (ORCID: 0000-0002-7918-7909), Dzintra Kažoka2 (ORCID: 0000-0003-0816-6446), Shivani Jain3 (ORCID: 0000-0002-0648-745X), Māra Pilmane2 (ORCID: 0000-0001-9804-4666)
	Root canal anatomy and morphology of permanent maxillary canine teeth in an Iranian population
	Maryam Kuzekanani*, Alireza Mahdavi Jafari
	Potential ability for implantation of mouse embryo post-vitrification based on Igf2, H19 and Bax Gene expression
	Noer Muhammad Dliyaul Haq1, Diah Pristihadi1, Vista Budiariati1, Ahmad Furqon2, Mokhamad Fahrudin1, Cece Sumantri2, Arief Boediono1,*
	3D surface acquisition systems and their applications to facial anatomy: let’s make a point
	Daniele Gibelli, Annalisa Cappella, Claudia Dolci, Chiarella Sforza*
	Morphological assessment of Ear auricle in a group of Iraqi subjects and its possible role in personal identification 
	Sinan S. Farhan1,*, Watheq M. Al-Jewari1, Aiman Q. Afar Al-Maathidy2, Aiman Al-Qtaitat2
	Morphological Analysis of Palmaris Longus Muscle And Its Anatomic Variations: A Cadaveric Study In North India
	Monika Lalit1, Sanjay Piplani2, Anupama Mahajan1, Poonam Verma1
	Main perforators of the upper limb: still birth study 
	Aymn A. Khanfour
	Effect of Melamine Administration during Pregnancy on Foetal Bone Ossification
	Yasin I. Tayem1,*, Sindhan V. Veeramuthu1, Aisha N. Rashid1, Reginald P. Sequeira1, Raouf A. Fadel2 
	Morphometric Analysis of Body and Odontoid Process of Axis Vertebrae in North Indians: An Anatomical Perspective
	Monika Lalit1,*, Sanjay Piplani2, Jagdev S. Kullar3, Anupama Mahajan1
	Anatomic variations of the upper biliary confluence and intra-hepatic ducts in East-central Tunisian population
	Mohamed Salah Jarrar1,2,*, Wafa Masmoudi1, Mohamed Hedi Mraidha1, Nader Naouar2, Malek Barka1, Sabri Youssef1, Fehmi Hamila1, Slah-Eddine Ghannouchi2, Rached Letaief1
	Stability analysis of occipitocervical fixation by occiput- C2 pedicular screws construct. A human cadaveric study
	Ayman Ahmed Kkanfour1,*, Tarek Elfiky2, Hesham Elsaghir2, Waleed Sabbah2 
	Anatomical and Congenital Variations of Styloid Process of Temporal Bone in Indian Adult Dry Skull Bones
	Kalyan Chakravarthi Kosuri1,*, Venumadhav Nelluri2, Siddaraju KS3
	Anomalous Renal Vasculature Existing With Congenital Anomalies of Kidneys, Ureters and Suprarenal Glands: A Cadaveric Study 
	Kalyan Chakravarthi Kosuri1,*, Siddaraju KS2, Venumadhav Nelluri3
	Instructions for the Authors 

