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ABSTRACT

In the upper limb the communications between the median and the ulnar nerves are relatively common and have
been described in different point throughout it, in or below the elbow. The purpose of this study is to determine the
incidence, type, topography of the anastomoses between median and ulnar nervesin forearm and hand. A total of 14
cadavers were used for the study in the laboratory of Morphology of the University of Pamplona. Communication
between the median and ulnar nerves was observed in 1 of 28 upper limbs. The communicating branch was
originates from the branch of the median nerve to the flexor digitorum superficialis muscle. Other anastomoses
were not found in the upper limb. Knowledge of these anatomical variations allows a more appropriate diagnostic
and procedures of disorders of the peripheral nervesin the upper limb.

Keywords: Median nerve, ulnar nerve, anatomical variationstMaGruber anastomosis, Marinacci anastomosis,
Riche-Cannieu anastomosis, Berretini anastomosis.

INTRODUCTION

Anastomosis between ulnar nerve and median nemeceur in the forearm region. It is composed iosses of
axons from the median nerve to the ulnar nerve lwhiay produce changes in the innervations of thEeupmb

muscles [1,2]. This anastomosis involves axonsihgaeither the main trunk of median nerve or théeaor

interosseous nerve, crossing through the forearjwiriche main trunk of the ulnar nerve and ultietgtinnervating
the intrinsic hand muscles [3]. Reports in therditare describe the four communicating branchewds median
and ulnar nerve in the upper limb: Martin-Gruber&tmosis, Marinacci anastomosis, Riche-Canniestamasis,
Berretini Anastomosis.

In the forearm, median and ulnar communication fivasdescribed by the Swedish anatomist Martin1(fi63) and
later by Gruber (in 1870) and thus referred to las Martin-Gruber Anastomosis (MGA). Various formsda
connections were found in Martin’s cadaver dissesti[4,5]. The incidence of MGAs ranges from 5%4 @86, with
an average of 17% [6,7]. Most of these connect@ass from the median nerve to the ulnar nerve,aaadilateral
in 10-40% of the cases. When present, unilateralAB!@ccur more frequently in the right arm [8]. Tt®ssing
axons can innervate intrinsic muscles suppliecheyuinar nerve, the median nerve or both. The nasécit of the
muscles varies according to the level of nerverinjin this context, an anatomical investigatiorttod topography
of MGAs is very important for reinforcing clinicalectrophysiological findings and in helping to enstand motor,
sensory and autonomic dysfunctions [9-10]. Anottype of anastomosis can happen in the forearm. Vithen
anastomotic branch originates proximally in uln@rve and unites distally to median nerve is simpdyled
anastomosis of Median-Ulnar type, or Martin-Grubmrerse anastomosis or Marinacci anastomosis. Eiairin
1964 made a case report of a patient who trauntatime medium nerve in forearm, but still had preagon of the
median nerve innervations in the hand musclespadth had denervation of the flexor muscles in forealhe
Marinacci anastomosis is infrequently notified.sbime studies this type of anastomosis had not toesyd, being
considered for many authors as anatomical anomahe Riche-Cannieu anastomosis occurs in the pelwdzn
the recurrent branch of the median nerve and tlep teanch of the ulnar nerve. And the communicatiragch
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between common digital nerves that arise from tharuand median nerves in the palmar surface ofl fimealled
‘Berretini Anastomosis, ramus communicans or sugiatfcommunicating branch. [5,11]. The purposehig study
is to determine the incidence, type, topographthe$e anastomoses.

EXPERIMENTAL SECTION

A total of 14 cadavers of both sexes (13 men amebthen) with different age group were used for thelg 14

cadavers were studied bilaterally, in total 28 sideupper limb regions of the cadavers were clyedlissected as
per the standard dissection procedure in the Mdoglyd_aboratory at the University of Pamplona. Awgision was

carried out, covering the whole anterior surfacehef forearm. The superficial fascia was opened thadflexor

carpi ulnaris muscle and tendon mobilized to givedxposure of the ulnar artery and ulnar nervee Branches of
the ulnar nerve in the forearm were dissected dingbasible anastomoses between median and ulmaes&vere

documented. The level at which the connectionspithe median and ulnar nerves was measured Un@medial

epicondyle of the humorous as reference. Accordlinazakos and coworkers: the anastomoses wersifidds
into three types depending on the level of oridginthe anastomosis from the median nerve. Typedimaites from

the branch of the median nerve to the flexor digito superficialis muscle, Type Il from the mediaarve itself

and Type Il from the anterior interosseous neare the branch passed medially to join the ulnarenm either its

upper or middle one-third.

RESULTSAND DISCUSSION

Communication between the median and ulnar nenas atbserved in 1 of 28 upper limbs (3.6%). No ubear
median connections were found. Among the mediarrar connections, one were present on the righatfofearm
male. The length of the anastomosis was 6.5 cm. Its onigas on 6.7 cm distal to the medial epicondylel s
connection to the ulnar nerve was on 10.5 cm distdhe medial epicondyle. The anastomosis joired uinar
nerve as a single branchhe branch had followed an oblique path sinceritgin, after the division of the brachial
artery. The branch was located between the fleigitodum profundus and the flexor digitorum supelis and
was located antero-medial to the ulnar artery. @wamunicating branch was originates from the brapicthe
median nerve to the flexor digitorum superficiatisscle. Other anastomosis were not found in theuapb.

Figure 1. MN. Median nerve; UN: ulnar nerve; FDPM: flexor digitorum profundus muscle; FDSM: flexor digitorum superficialis
muscle; AMG: anastomosis of Martin -Gruber

The median nerve has two roots from the lateral @25) and medial cords (C8, T1), which embraegetttird part

of the axillary artery, and unite anterior or lafleto axillary artery. It runs distally in the arom the lateral side of
the brachial artery until it reaches the middlettod arm, where it crosses to the median side antacis the
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brachialis. The median nerve has no branches imxiia or the arm, but it does supply articulaafches to the
elbow joint. Enters cubital fossa medial to bratlagery; exits by passing between heads of pronsies;
descends in fascial plane between flexors digitosuperficialis and profundus; runs deep to palmbéngus
tendon as it approaches flexor retinaculum to i&vearpal tunnel. The ulnar nerve arises from tediah cord (C8,
T1) but often receives fibres from the ventral ranofi C7. It runs distally through the axilla medialthe axillary
artery, between it and the vein. Continuing digtatledial to the brachial artery as far as the nmidadere it pierces
the medial intermuscular septum. Like the mediarvenethe ulnar nerve has no branches in the armit taiso
supplies articular branches to the elbow jointefters the forearm between two heads of flexoricalrmaris
superficial to the posterior and oblique partshef tlnar collateral ligament. The ulnar nerve lsabe forearm by
emerging from deep to the tendon of the flexor icalparis. It continues distally to the wrist viaetulnar canal. [5,
12,13]. Anastomoses between median and ulnar nerves ifotearm are of phylogenetic significance. In many
mammals and frequently in primates there are simid@mnections between the median and ulnar neroe la¢low
the elbow. Anastomoses could be remnants of them@mventral nerve trunk innervating flexor musdieshe
upper extremity, which is noted in the early stagksvolution. Anastomoses occur frequently in hasand are
therefore considered a variation rather than ammahp [14]. In the literature, there are several studies ontillar
Gruber Anastomosis (MGA) classification; by diffetetechniques anatomical [7,8,16], histological [[Iahd
electrophysiological [15,18,19]. In these studi&s, subtypes of MGA reported regarding the origid aonnection
of communication the nerves. Figure 2. But, Lealef18] reported that three morphologic featuré$/GA that
could not be detected by an electrodiagnostic naetRastly; a branch innervating the flexor digiton profundus
and not crossing over to the ulnar nerve, secorallyery thin anastomotic branch between the mediahulnar
nerves, thirdly; a branch arising proximally to #ibow joint.

Median nerve - ulnar Anterior interosseous nerve - ulnar whscular branches to the FDP

n \}@q )
DN

Muscular branches to the FDP- UN

.
Median nerve /Anterior imlerosseous . TOTHE FDP
Two connections to the ulnar nerve

bt UN

Combinations

TG THE FDP

Figure 2. Schematic drawings of the types of anastomosis of Martin-Gruber. MN: median nerve, UN: ulnar NERVE, FDP: Flexor
digitorum profundus, FDS: Flexor digitorum superficialis, AIN: anterior interosseous nerve, CB: communicating branch.
(from reference 15)

There is no consensus in the literature about khesification of anastomosis between the two nerMesnerous
classifications have been proposed by Nakashimja iasawa [20], Thomson [21], Shu et al [23],rBrasan and
Rhodes [16] and Rodriguez-Niedenfuhr et al [7]irtlkbassifications were based on anatomical digsest Uchida
and Sugioka [19], Oh et al [24] and Kimura et a] f#oposed classifications based on electrophygictd
examinations and Shu [23] proposed another claatidin based on histological examinations. A sumynoéthese
classification schemes is shown in table .
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Table 1. Classifications of anastomosis between the median and ulnar nerves. MN : median nerve, UN : ulnar nerve, AIN : anterior
interosseous nerve, TM : thenar muscles, HM : hypothenar muscles, FDP : flexor digitorum profundus muscle, FDI : first dorsal
inter osseous. (from reference 14)

Anastomosis Hirasawa | Thomson | Srinivasan Nakashima Rodriguez Shu Uchida (19)
Ferreira
Between (20) (21) (16) (22) (7) (23) Oh (24) A. H. Present study
Kimura (2)
AIN and UN Oblique Class | | Type LILVI Type la Pattern | Type |
Anastomosis (Type Ic)
Pattern Il
MN and UN Oblique Class Il Type Il Type Ib Pattern | Type
Anastomosis (Type la, Ib) Il
MN and UN
innervating HM. Type |
MN and UN Type Il
Innervating the
FDI muscle
MN and UN Type Il
Innervating
TM muscles
Muscular branch| Looped Class Il Type Il Type Il
to FDP muscle | Anastomosis
AIN and UN, Type IV
muscular brancheg
FDP muscle
originated from
the connection
Combination Combined Type IV, V Type Il Type V (two Type la
or other Anastomosis (combination anastomotic
of Type la, branch)
Ib, and I1)

The present study used the classification of padtand types [7] to compare the results to thogeefious reports.
Pattern | comprises cases with one anastomotichramd Pattern Il those with two anastomotic binesc Types a,
b, and ¢ are subdivisions depending on the levebrifin of the anastomosis from the median nerwgerTa,

originates from the branch of the median nervénéostuperficial forearm flexor muscles. Type b arages from the
median nerve itself and Type ¢ from the anteriderimsseous nerve. Our results confirm that the tamasis

appears as one branch with various origins fronrmtedian nerve or its branches, as already descbhpdthomson
[21], Srinivasan and Rhodes [16] and Taams [8].Id&lb. Intramuscular anastomosis has also beewries 7,

22], but such anastomosis was not found during dissettithe present study.

Table 2. Patternsand types of anastomosis shown by different authors. (from reference 14)

Pattern I[Type |aType | bType | dPattern |1

Gruber 95% | 13% | 8% | 74% 5%
[Thomson 100% | 3% 19% | 78% -
Hirasawa 50% | 15.4%| - 34.6%| 50%
Srinivasan and Rhodes | 100% | 6% 3% | 91% -
Nakashim 95.6% - 4.35% | 91,3%| 4.35%
[Taams 100% | 7% — 93% -
Shu 64,7% - 17.6% | 47.1%| 35.3%
Rodriguez-Niedenfuhr 89,5% | 47.3%| 10.6% | 31.6%| 10.5%
Kazakos et al. 100% | 7% % | 87% -
Ferreira A. H. Present stydy00% 3,6 - - -

Prevalence of MGA, an anomalous median-to-ulnaedon communication, is well reported in literatuvhile
Marinacci communication (figure 3), the reverseMartin-Gruber with forearm ulnar-to-median commution is
underrecognized [26]. Marinacci (in 1964) first ogjed patient who, following trauma to the medianve at the
forearm, had preservation of median nerve innedvéitend muscles despite denervation of forearm fief@7].
Marinacci communication involving only sensory rerfibers rise from the median nerve distally toanlnerve
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proximally has been reported [28]. In the patieaported by Hopf [28], that the nerve action pdtdatevoked by
stimulation of the middle finger (ulnar side) ame tring finger (radial side) digital nerves weregmagated with the
median nerve at the wrist and the ulnar nerveaethow. Occurrence frequency for Marinacci comroatibn was
reported as 1.3% by Kimura et al. [2], 4% by Suadaet al. [26], 16.7% by Golovchinsky [29]. Butnimany

studies, they did not find any ulnar-to-median camioation [30,31]. Golovchinsky [29] suggested thalen an
ulnar to median anastomosis is suspected, spexialshould be exerted in evaluation of motor disti@incy of the
median nerve with a gradual and slow increaseeétimulus voltage [5].

In the hand (figure 3). Riche (1897) and Cannie29{) described a neural connection between the bieach of
the ulnar nerve and the recurrent branch of theianederve at the thenar eminence [2]. Ulnar to aredierve
anastomosis, in the forearm, is generally knowraasre condition although its frequency for Richea@ieu
anastomosis (RCA) was reported as 83.3%, 77% [R,AZording to Boland et al. [32] these findingger an
hereditary basis for RCA, consistent with an auteslodominant pattern of inheritance. In the Amamiddack
population, this neural communication was detectdistically less frequently when compared witk tither
populations (p<0.05). There was no significantatéhce in this percentage between the Caucasiat@apdnic
populations [2]. Clinical presentations of RCA mayry, resulting in a hand that: 1) is completelpgied by the
ulnar nerve [33]; 2) has motor innervation solalplied by the ulnar nerve [34], as reported inatigmt with a
sensory presentation of cubital tunnel syndrome,viith weakness of abductor pollicis brevis; ort&s ulnar
innervation for a proportion of typically mediamarvated muscles [5].

Berretini anastomosis is the communications betwasmmon digital nerves that arise from the ulnad eredian
nerves in the palmar surface of hand is called Usitommunicans cum nervi ulnari’ in anatomical teofogy.

Overlap and variations of this division exist arahenunicating branch between the ulnar fourth commtigital

nerve and the median third common digital nerve eaplain further variations in digital sensory patis.
Berretini’'s anatomic drawings from 1741 are thdiestrillustrations of communicating branch [35hélincidence
of Berretini anastomosis reported in these stughie85) varied significantly (4-94%). Because, mamyestigators
[5, 36] found its incidence to be over 80%, therBeni anastomosis should be considered a normadtste rather
than an anatomic variation (figure 3).

|

Figure 3. MN: median nerve; UN: Ulnar nerve; CB: communicating branch; A: Schematicillustration of Marinacci communication; B:
Schematic illustration of Cannieu Riche communication; C: Schematic illustration of Berretini communication. (from reference 5)

CONCLUSION
The knowledge of this anastomosis and anatomicalysbf muscles supplied by the ulnar and mediawvaseis
clinically important for understanding the mechamisf lesions and the correct diagnosis of perighezaropathies

in the differentiation of partial traumatic injusieand total. MGAs have resulted in misdiagnosisinguthe
assessment of nerve injuries, carpal tunnel syndrocubital tunnel syndromesurgical procedures for the
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transposition of medial epicondyle of humeausl leprosy neuropathy. Adequate investigatiothe$e connections
needs to be underscore&urgical, therapeutic and diagnostically invasivecpdures require extreme caution to
prevent lesions of the anastomotic branchémsderstanding the existence of this variation,lésation and its
possible presentation is important for correctgratassistance.

Acknowledgements

The author thanked to the University of Pamplonmarésearch support and/or financial support andgriiaMeoz
University Hospital for the donation of cadaversritified, unclaimed by any family, or persons respole for
their care, process subject to compliance witHagel regulations in force in the Republic of Colian

REFERENCES

[1] L Mannerfelt.Acta Orthopaedica Scandinavica., 1966, vol. 87, n. 2, 19-29.

[2] J Kimura; MJ Murphy; DJ Vardarchives of Neurology., 1976, vol. 33, 842-844.

[3] HR Erdem; S Ergun; C Erturk; S Ozel. Yonb#gd. J., 2002, 43, 291-295.

[4] L Sarikcioglu; BM DemirelJ. Hist. Neurosci., 2006, 15, 99-101.

[5] Unver Dogan et alNeuroanatomy., 2009, 8, 15-19

[6] SJ Leibovic; H Hastingsl. Hand Surg.,1992, 17, 47-53.

[7]1 M Rodriguez-Niedenfihr; T Vazquez; | ParkiniBgan, JR Safiud&lin. Anat.,2002, 15, 129-134.
[8] KO Taams. J. Hand Sur997, 22B, 328-330.

[9] AD Oliveira; AA Barreira; W Marques JrClin. Neurophysiol.,2000, 111, 1208-1210.

[10] Prates et aBrz.J.morphol.Sci.,2003, 20(3),177-180.

[11] MM Felippe et al.J. Morphal. Sci., 2012, vol. 29, no. 1, 23-26.

[12] Ferreira A. HIJGMP., 2014, Vol. 3, Issue2, Mar, 71-78

[13] Ferreira A. Hint J Pharm Bio <ci., 2015, April, 6(2), (B) 951 —957

[14] KJ Kazakos; A Smyrnis; KC Xarchas; A Dimitrgdaulou, DA Verettas Acta Orthop Belg., 2005, Feb, 71(1),
29-35.

[15] E Herrera et alkalud UIS.,2009, 41, 157-168

[16] R Srinivasan; J RhodeArch. Neurol., 1981, 38, 418-419.

[17] HS Shu; C Chantelot; C Oberlin; JY Alnot; H&®hSurg. Radiol. Anat., 1999, 21, 115-118.

[18] KS Lee; CS Oh; IH Chung; IN Sunwdduscle Nerve., 2005, 31, 95-97.

[19] Y Uchida; Y Sugiokad Hand Surg., 1992, 17-A, 54-59.

[20] K Hirasawa. Arb Anat Inst Kaiserlichésniv Kyoto., 1931, A2 , 135-136.

[21] A ThomsonJ Anat., 1893, 27, 183-194.

[22] T NakashimaSurg Radiol Anat., 1993, 15, 193-195.

[23] H Shu; C Chantelot; C Oberlin; JY Alnot; H $horphologie., 1999, 83, 71-74.

[24] SJ Oh; GC Claussen; BK Ahmaduscle Nerve., 1995, 18, 1332-1334.

[25] W Gruber.Arch Anat Physiol Wissen Med., 1870, 37, 501-522.

[26] SM Sundaram; B Sundar; MJ Arunkumbleurophysiology., 2003, 114, 2334-2337.

[27] L Sarikcioglu; BM DemirelJ. Hist. Neurosci., 2006, 15, 99-101.

[28] HC Hopf.Muscle Nerve., 1990, 13,654—-656.

[29] V Golovchinsky. ElectromyogClin. Neurophysiol., 1990, 30, 31-34.

[30] L Sarikcioglu; M Sindel; S Ozkaynak; H Aydikled. Sci. Monit., 2003, 9, 351-356.

[31] G Amoiridis; IG VlachonikolisClin. Neurophysiol., 2003, 114, 94-98.

[32] RA Boland; AV Krishnan; MC KiernarClin. Neurophysiol., 2007, 118, 770-775.

[33] BJ Kim; ES Date; SH Lee, EW Lau, MK PaAm. J. Phys. Med. Rehabil., 2004, 83, 569-573.
[34] T Ganes. Electromyog€lin. Neurophysiol., 1992, 32, 559-563.

[35] JPWD Don Griot; JM Zuidam; EOV Kooten, LP PepdJ Hagel. Hand Surg., 2000, 25A, 948-954.
[36] M Loukas; ZR Louis Jr; L Stewart; B Hallner;Oeluca; W Morgand. Neurosurg., 2007, 106: 887—893.

680



