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Abstract
Objective: Martin-Gruber anastomosis (MGA) is a median-to-ulnar nerve communication in the 

forearm; three types of MGA occur. Typically, motor fi bres course through the median nerve in the 

upper arm and elbow, however, they supply the ulnar-innervated muscles of the hand: abductor 

digiti minimi (ADM) –  MGA-I; fi rst dorsal interosseous (FDI) –  MGA-II; or adductor pollicis –  MGA-III. 

The objective was to determine the prevalence of MGA in a study group of healthy volunteers. 

Methods: Two hundred and ninety-two healthy participants (457 arms) were enrolled. Motor and 

sensory nerve conduction studies of the ulnar and median nerves were performed. Ulnar and 

median nerve compound muscle action potential amplitudes were obtained on stimulation at 

the elbow and wrist. Results: We found 109 cases of MGA in 90 arms (MGA-I in 30 arms; MGA-II in 

57 arms; MGA-III in 22 arms). We found isolated MGA types in 73 arms, a combination of two types 

in 15 arms, and occasionally (2 arms) a simultaneous combination of all three types. Conclusion: 

The prevalence of MGA was 19.7%. Most frequently, we found MGA-II (prevalence = 12.5%). 

Signifi cance: MGA does not produce any clinical signs. However, it can change EMG results. The 

neurophysiologist must be able to logically interpret such fi ndings.

Souhrn
Úvod: Prevalence Martin-Gruberovy anastomózy (MGA), spojky n. medianus a ulnaris na předloktí 

se uvádí v rozmezí 15– 39 %. Existují tři různé typy MGA, kdy motorická vlákna jsou v oblasti paže 

a lokte vedena skrze n. medianus a zásobují svaly ruky inervované n. ulnaris (m. abductor digiti 

minimi, m. interosseus dorsalis primus či m. adductor pollicis). Soubor a metodika: V pěti EMG 

laboratořích bylo unifi kovanou technikou vyšetřeno 292 zdravých osob ve věku 20– 67 let, průměr 

39,4 let: 166 žen (256 rukou) a 126 mužů (201 rukou), celkem 457 rukou. Byla provedena motorická 

a senzitivní neurografie n. ulnaris a n. medianus. Pro detekci MGA mělo zásadní význam hodnocení 

amplitudy CMAP pro n. ulnaris a n. medianus při stimulaci z oblasti lokte a zápěstí. Výsledky: 

V našem souboru 457 vyšetřených rukou jsme na 90 rukou našli 109 výskytů MGA. U 30 rukou 

se jednalo o MGA-I, u 57 rukou o MGA-II a u 22 rukou o MGA-III. Izolované typy MGA se vyskytly 

v 73 případech, Na 17 rukou se vyskytla kombinace dvou, ojediněle dokonce všech tří typů MGA 

současně. Závěr: V souboru 292 osob zdravých osob jsme na 457 hodnocených rukou našli MGA 

v 19,7 %. Nejčastěji se vyskytoval typ MGA-II (12,5 %).
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Introduction
Anomalous innervation arising from the me-

dian nerve (MN) and the ulnar nerve (UN) 

was fi rst described by Martin in 1763 and 

later by Gruber in 1870. In Martin-Gruber 

anastomosis (MGA), some of the motor fi b-

res that course through the MN branch off  

in the proximal forearm and join the UN. 

MGA is the most common anastomosis be-

tween both nerves; the reported prevalence 

is 15– 30%. Its occurrence may have a heredi-

tary basis, consistent with an autosomal do-

minant pattern of inheritance [1].

Three types of MGA occur, which change 

the classic motor conduction study fi ndings: 

MGA-I: The MN fi bres that have crossed 

over terminate in the abductor digiti mi-

nimi (ADM), which they partially innervate. 

UN motor conduction study with recording 

from the ADM results in a higher amplitude 

of the compound muscle action potential 

(A-CMAP) on stimulation of the UN at the 

wrist than on stimulation at the elbow, where 

the fi bres have not yet crossed over from the 

MN. If the diff erence between the amplitu-

des exceeds 20% (or 2 mV), the presence of 

the anastomosis is confi rmed. This fi nding 

can be interpreted incorrectly as a conduc-

tion block of the UN. The electromyogra-

phy specialist verifies the presence of MGA-I 

(Fig.  1) by stimulating the MN at the elbow 

and recording the compound muscle action 

potential (CMAP) over the ADM. 

MGA-II: Motor fi bres from the MN cross 

over in the upper forearm, join the UN, and 

partially innervate the fi rst dorsal interos-

seous muscle (FDI). On stimulation of the 

UN at the elbow, the amplitude of the CMAP 

obtained from the FDI is more than 20% (or 

2 mV) lower compared with stimulation of 

the UN at the wrist. This fi nding can be inter-

preted incorrectly as a conduction block of 

the UN. However, recording the CMAP over 

the FDI on stimulation MN at the elbow con-

fi rms the presence of MGA-II (Fig. 2).

MGA-III: Motor fi bres from the MN cross 

over in the upper forearm, join the UN, and 

supply the adductor pollicis and the deep 

head of the flexor pollicis brevis (Fig. 3). 

Motor nerve conduction study of the MN 

reveals that the amplitude of the CMAP ob-

tained from the thenar eminence on stimu-

lation of the MN at the wrist is lower compa-

red with stimulation of the MN at the elbow. 

Because stimulation of the adductor polli-

cis occurs faster via the UN than stimulation 

of the abductor pollicis brevis (APB) via the 

MN, this stimulation of UN evokes a thenar 

CMAP with a positive defl ection. Calculation 

of the MN conduction velocity gives a mar-

kedly high value if it is based on this defl ec-

tion. It is possible to verify the presence of 

the anastomosis by stimulating the UN; this 

stimulation evokes a thenar CMAP that has 

a much higher amplitude on stimulation of 

the UN at the wrist than at the elbow. If the 

diff erence between the amplitude of the 

CMAP on stimulation of the MN at the elbow 

and wrist exceeds 10%, then a dia gnostic cri-

terion for MGA-III is present.

In studies involving human corpses, the 

over all prevalence of MGA was in 11– 24% 

of the cases. In earlier conduction studies 

involving the limbs, the prevalence was 

15– 39% [2]. Martin-Gruber anastomosis has 

its importance in clinical practice; in cases 

of MN lesion, the presence of this anasto-

mosis may mimic a (partial) lesion of the 

UN as well. Electrophysiological studies re-

veal a larger number of abnormal parame-

ters, which can lead to the wrong dia gnosis 

of conduction block in the elbow segment 

of the UN or to the incorrect dia gnosis of car-

pal tunnel syndrome.

In our normative study of MN and UN con-

duction [3], we examined the occurrence of 

MGA as well. In this paper, we present our 

results. 

Fig. 1. Type I Martin-Gruber anastomosis.
Fig. 1A) diagram of type I Martin-Gruber anastomosis (MGA-I).

Fig. 1B) Hypothenar muscles motor studies, recording the abductor digiti minimi and stimu-

lating the ulnar nerve at the wrist (W). Compound muscle action potential (CMAP) ampli-

tude with below elbow stimulation (e) is lower than with W stimulation. By stimulating me-

dian nerve at the elbow, CMAP from hypothenar is recorded.
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Methods
This was a multicentre study conducted in 

fi ve EMG laboratories in the Czech Republic 

employing a uniform method and using the 

Medelec Synergy EMG System.

Two hundred and ninety-two healthy 

volunteers underwent motor and sensory 

nerve conduction studies of the UN and MN. 

The study group included 166 women and 

126 men aged 20– 67 years (average age of 

39.4 years). Arms with abnormal findings 

were excluded (polyneuropathy, MN lesions 

in the carpal tunnel, and UN lesions in the 

region of cubital tunnel or in Guyon’s canal). 

Furthermore, some of the participants gave 

their consent to a study involving only one 

upper extremity. Therefore, the resulting 

sample included 457 healthy arms (256 fe-

male arms and 201 male arms). 

The study was conducted by means of 

common surface electrodes supplied by 

the manufacturer. Medelec Synergy EMG 

System surface stimulation electrodes were 

used. Motor conduction was recorded with 

a disposable surface electrode, and sen-

sory conduction was recorded using a ring 

electrode with conductive gel. For motor 

neurography, the stimulus duration was set 

to 0.2 ms; for sensory neurography, it was set 

to 0.1 ms. Filters were from 3 to 10 kHz for 

motor neurography and from 20 to 2 kHz for 

sensory neurography.

The MN was stimulated at the cubital 

fossa and at the wrist; it was recorded from 

the APB. The distance between the cathode 

of the stimulation electrode at the wrist and 

the active electrode above the APB was 8 cm 

(measured at an angle). The UN was stimula-

ted at the wrist, below the elbow, and above 

the elbow. Recording electrodes were pla-

ced over ADM and FDI. The examination was 

conducted with the extremity in a standard 

position, in semifl exion of the elbow at a 90° 

angle. The distance between the cathode of 

the stimulation electrode at the wrist and 

the active electrode above ADM was 8 cm, 

and it was 13 cm to the active electrode 

above FDI (measured at an angle). Stimula-

tion of the UN below the elbow was located 

4 cm distally from the medial epicondyle. Sti-

mulation above the elbow was placed 6 cm 

proximally from the medial epicondyle of 

the humerus. 

Sensory nerve conduction was measu-

red antidromically. For the MN (on the 2nd 

digit), the distance between the stimulation 

and recording electrode equalled 16 cm; for 

the UN (on the 5th digit), it was 14 cm. Indi-

vidual recordings were averaged. Latency 

was measured to the onset of the negative 

defl ection, and amplitude to its peak. Limb 

temperature at the base of the 4th digit was 

at least 32 degrees Celsius (°C).

MGA detection

MGA-I was detected based on a drop in CMAP 

amplitude in ADM (more than 20%) on stimu-

lation in the elbow region compared with sti-

mulation at the wrist. We selected the value 

of 20% in accordance with Uchida and Su-

gioka [4], Oh [5] and Preston and Shapiro [6]. 

MGA-II was detected based on a drop in 

CMAP amplitude in FDI (more than 20%) 

on stimulation in the elbow region com-

pared with stimulation at the wrist. We se-

lected the value of 20% in accordance with 

authors [4– 6].

MGA-III: If on stimulation at the wrist, the 

amplitude of MN CMAP was 10% lower com-

pared with amplitude obtained on stimula-

tion in the elbow region, the fi nding was de-

termined to be MGA-III. 

Results
In our sample of 457 examined arms, one 

of the MGA types was found in 90 arms, 

which corresponds to a prevalence of 

19.7%. In these 90 arms, we found a total of 

109 cases of MGA, which were present either 

as isolated, single types or as various combi-

nations of the MGA types occurring simulta-

neously in a given arm (Fig. 4, Tab. 1).

Fig. 2. Type II Martin-Gruber anastomosis.
Fig. 2A) Diagram of type II Martin-Gruber anastomosis (MGA-II).

Fig. 2B) By stimulating the ulnar nerve below the elbow (e) a lower CMAP is recorded than 

by stimulation at the wrist. Higher CMAP by stimulating the median nerve at the elbow is 

registered from FDI than by stimulating at the wrist.
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MGA-I was found in 30 cases (a preva-

lence of 6.6% out of 457 arms), MGA-II was 

found in 57 cases (12.5% out of 457 hands), 

and MGA-III was found in 22 arms (4.8% 

out of 457 arms). Isolated, single MGA types 

(MGA-I, MGA-II, or MGA-III) were present in 

73 cases (16% out of 457 arms). A combina-

tion of two types, and occasionally a simul-

taneous combination of all three MGA types 

was found in 17 arms (3.7% out of 457 arms). 

MGA-II was the most frequently occurring 

MGA type (Fig. 4).

Discussion
A number of anatomical studies have de-

monstrated the presence of crossover inner-

vation from the MN to the UN by means of 

various kinds of anastomoses that contained 

only motor fi bres. The anastomosing fi bres 

can travel through the anterior interosseous 

nerve or through the anastomosis to the 

fl exor digitorum profundus. Lee et al. analy-

sed a sample of 102 arms and found MGA in 

40 of the arms (i.e., in 39% of the cases) [7]. 

Loukas et al. studied the anastomosis be-

tween both nerves in the region of the pro-

ximal forearm [8]. The anastomosis measu-

red 1– 1.5 mm in diameter and its length was 

2.5 cm. Wilbourn and Lambert found that 

in a group of 22 persons with confi rmed 

MGA, anastomotic fibres innervating the 

ADM (MGA-I), the FDI (MGA-II), and the the-

nar eminence (the adductor pollicis muscle) 

(MGA-III) were present in 9, 21 and 3 cases, 

resp. [9]. In their anatomical study, Felippe 

et al. examined 30 forearms [10]. They found 

3 cases of MGA (the average length of the 

anastomosis was 6.6 cm) and a 7.4 cm long 

Marinacci anastomosis. Paulos and Leclercq 

dissected 20 frozen human cadaver arms 

and examined them under a microscope; 

MGA was found in 9 of the cases [11].

Based on the anatomical fi ndings, it is re-

commended to stimulate the UN at a site 

that is no more than 3– 4 cm distal from 

the intercondylar line. In our study, the sti-

mulation site was 4 cm distal from this 

line. 

Uchida and Sugioka [4] determined that 

the criterion for electrophysiological dia g  -

nosis of MGA-I and MGA-II consists in the 

presence of A-CMAP reduction on UN sti-

mulation below the elbow by 20% compa-

red to A-CMAP on stimulation at the wrist. 

Lee et al. believe that MGA (all three types) is 

present even if A-CMAP reduction is as small 

as 1mV (i.e. 5– 10%) [7]. Claussen et al. deter-

mined that for all three types of MGA, an am-

plitude reduction of 25% was borderline [12]. 

However, according to Kate et al., even a 10% 

A-CMAP reduction is signifi cant. In our study, 

the dia gnosis of MGA-I and MGA-II was 

made if there was a 20% A-CMAP reduction 

Fig. 3. Type III Martin-Gruber anastomosis.
Fig 3.A) A diagram of type III Martin-Gruber anastomosis (MGA-III).

Fig. 3.B) Higher CMAP from thenar is recorded by stimulating the median nerve at the elbow 

then at the wrist. By stimulating the ulnar nerve higher CMAP from thenar than by stimula-

tion below the elbow is recorded. There is typical “positive defl ection” of CMAP by stimulat-

ing the ulnar nerve.
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Fig. 4. Absolute frequency of individual 
MGA types.

Tab. 1. Prevalence of individual MGA 
types in a sample of 457 arms.

MGA Type Prevalence 

any type 19.7%

MGA-I 6.6%

MGA-II 12.5%

MGA-III 4.8%
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on UN stimulation in the elbow region (dis-

tally and proximally) [13].

Electrophysiological dia gnosis of MGA-III is 

based mainly on conduction studies of the 

motor fi bres in the MN. This particular MGA 

type is the least frequent. Anatomically, this 

involves the thenar eminence on stimula-

tion of the UN (the adductor pollicis and the 

deep head of the fl exor pollicis brevis). Motor 

nerve conduction studies of the MN reveal 

that on stimulation of the MN at the wrist, 

the obtained amplitude of the CMAP is lower 

by at least 10% compared with stimulation 

at the elbow. In some cases, higher motor 

nerve conduction velocity (MNCV) in the fo-

rearm is observed (Preston and Shapiro) [6]. 

Katirji reports a reduction of the A-CMAP by 

10– 20% [14]. For the presence of MGA-III, it 

is typical to encounter an initial positive de-

flection (a dip) on UN stimulation at the 

wrist (but not on stimulation at the elbow). 

On stimulation MN at the elbow, the CMAP 

has two peaks (a “double-hump”) [15]. Distal 

motor latency has normal values and proxi-

mal latency is shorter because the fi bres with 

the fastest conduction run through the UN 

rather than through the carpal tunnel. Most 

authors emphasise that establishing the dia g  -

nosis of MGA-III is diffi  cult. 

In our work, the criterion for MGA-III con-

sisted of at least a 10% reduction of A-CMAP 

at the wrist in comparison with A-CMAP on 

stimulation at the elbow. Other accompa-

nying abnormalities such as the initial dip, 

a double-hump, higher MNCV of the MN 

at the forearm, were rarely observed in our 

study group.

MGA containing motor and sensory fi b-

res with sensory manifestations is extremely 

rare [12]. However, sensory neurography 

based on the near-nerve needle technique 

detects MGA through sensory nerve action 

potential (SNAP) quite frequently. Simonetti 

found a low SNAP on stimulation of the MN 

in 10 of the 24 examined arms [16]. In nine of 

them, however, SNAP disappeared on infi l-

tration of the UN in the elbow region using 

lidocaine. This represented a volume eff ect.  

A number of authors have studied the 

occurrence of MGA using electrodia gnostic 

studies. In a study conducted by Uchida and 

Sugioka, 134 individuals were enrolled, and 

MGA was found in 22 (16%) of the cases [4]. 

The entry point of the fi bres from the MN to 

the UN was 3– 10 cm distal to the medial hu-

meral epicondyle. Hasegawa et al. examined 

106 healthy individuals [17]. Using motor 

neurography, they recorded CMAP over the 

ADM, FDI, and adductor policis. In all cases, 

they stimulated both nerves, at the wrist and 

above the elbow. MGA-I was found in 11% of 

the cases. MGA-II and MGA-III were found in 

25% and 11% of the cases, resp. 

Kayamori performed EMG testing of 

600 healthy subjects (1,200 upper arms) and 

found MGA in 83 (14%) individuals, namely in 

116 (8.3%) upper arms [18]. Bilateral MGA was 

present in 33 (40%) individuals, and unilate-

ral MGA was found in 50 (60%) individuals; 

in 33 individuals, it was present in the right 

upper extremity, and in 17 individuals, it was 

present in the left upper extremity. Berto-

rini identified MGA in 31% of the studied in-

dividuals [15]. In 62% of the cases, MGA was 

present in individuals who were related to 

each other. Bilateral MGA occurred in 68% 

of the cases. To demonstrate its presence, 

the collision technique was used to conduct 

motor stimulation. The method employed 

by us to examine the UN was almost identi-

cal to that of Acosta et al. [19]. In one of their 

four patients with diabetes mellitus, they fo-

cused on the exclusion of MGA as the cause 

of CMAP amplitude reduction with UN sti-

mulation. Amoiridis examined 100 healthy 

individuals and found MGA in 32% of the 

cases [20]. In a study conducted by Lee et al., 

102 individuals were enrolled, and MGA was 

found in 39.2% of the cases [7]. In 12 of them, 

the anastomosis passed through the bran-

ches to reach the fl exor digitorum profun-

dus. Erdem et al. identified MGA in 27 out of 

100 volunteers [21]. MGA-I and MGA-II were 

present in 3 and 21 subjects, resp; MGA-

-III was found in 1 subject, and a combina-

tion of type I and type II was found in 2 of 

the cases. Crutchfield and Gutmann exa-

mined 50 healthy individuals (100 arms); 

they confi rmed the presence of MGA (in at 

least one arm) in 14 (28%) of the individuals 

test ed; bilateral MGA was found in 9 out of 

these 14 volunteers [1]. In addition, family 

members of these individuals were exami-

ned, with the aim of detecting a presence of 

MGA. It was determined that the data sup-

ported an autosomal dominant mode of in-

heritance (mutations were not studied). 

Roy et al. conducted a meta-analysis of 

58 articles concerning MGA prevalence [22]. 

In these studies, a total of 10,562 upper ex-

tremities were examined. Based on these 

data, pooled MGA prevalence in the popula-

tion was 19.5% (95% confi dence interval; CI: 

16.2– 23.1%).

In our study, we examined 457 healthy 

upper extremities. In 90 (19.7%) of the arms, 

we found 109 cases of MGA. Most of the 

identified cases (52% out of the 109 cases) 

represented MGA-II, which was in line with 

the results of other authors. MGA-I was pre-

sent in 28% and MGA-III in 20% of the cases. 

A comparison of our results and the results 

of other authors is summarised in Tab. 2.

Ascertaining the presence of MGA and 

considering its presence during an inter-

pretation of neurophysiological fi ndings is 

a task performed by an electromyography 

specialist [23]. Most frequently, MGA is erro-

neously interpreted as a UN lesion in the 

elbow region –  a reduction of CMAP ampli-

tude due to conduction block [24,25]. To ob-

tain a correct dia gnosis, the examination site 

should be distal from the medial epicondyle 

Tab. 2. A comparison of our results with the results of other authors 
[1,4,10,15,18,20–22,29].

Authors Year N MGA Prevalence

Crutchfi eld et al. [1] 1980 50 persons 28%

Uchida et al. [4] 1992 134 persons 16%

Felippe et al. [10] 2012 30 arms 10%

Bertorini [15] 2008 – 31%

Kayamori [18] 1987 600 persons 14%

Amoiridis [20] 1992 100 persons 32%

Erdem et al. [21] 2002 100 persons 27%

Roy et al. [22] 2015
10,562 arms

(meta-analysis of 58 studies)
19.5%

Khosrawi et al. [29] 2015 90 persons 14%

our results 2016 457 arms 19.7%
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Our sample of all three types of MGA was 

quite large; the data were collected in fi ve 

diff erent electromyography (EMG) labora-

tories that used a uniform methodology for 

the examination of both nerves. 

The presence of MGA does not produce 

any clinical manifestations. However, the 

identifi cation of MGA and the determination 

of its type can be done by using EMG; it is 

a task performed by the electromyography 

specialist –  the neurophysiologist.

List of used abbreviations

APB –  abductor pollicis brevis

A-CMAP –  amplitude of compound muscle action 

potential

ADM –  abductor digiti minimi

CMAP –  compound muscle action potential

DML –  distal motor latency

MGA –  Martin-Gruber anastomosis

EMG –  electromyography

FDI –  fi rst dorsal interosseous

MN –  median nerve

MNCV –  motor nerve conduction velocity

SNAP –  sensory nerve action potential

UN –  ulnar nerve
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(however, not exceeding 3 cm) and simulta-

neously, MN stimulation is performed [26]. 

Mistaking a MGA for another clinical disor-

der can have undesired eff ects (an operation 

in the elbow region, additional unnecessary 

testing –  ultrasound, magnetic resonance 

imaging) [27,28].

Conclusion
MGA is a fairly frequent fi nding. Clinicians, and 

especially electromyography specialists, need 

to be aware of this anomalous innervation 

(the dia gnostic process, indications for carpal 

tunnel surgery, or in relation to trauma, as the 

case may be). In MGA-I and MGA-II, the reduc-

tion of CMAP amplitude on stimulation of the 

UN in the elbow region can mimic conduc-

tion block. In MGA-III, the reduction of CMAP 

amplitude on MN stimulation at the wrist can 

lead to dia gnostic uncertainty or can raise sus-

picion of abnormal course of the MN. How-

ever, other characteristics –  shorter motor la-

tency on proximal stimulation, positive CMAP 

defl ection, CMAP recording from the thenar 

eminence on stimulation of the UN –  consti-

tute the correct path to the dia gnosis. In our 

study, based on a group of individuals en-

rolled in five centres across the Czech Re-

public, we have revealed considerable preva-

lence of MGA. Thus, we have demonstrated 

that MGA prevalence in the Czech population 

does not diff er from the prevalence seen in 

other countries and continents. The presence 

of Martin-Gruber anastomosis does not pro-

duce any clinical manifestations. However, the 

identifi cation of MGA and the determination 

of its type can be done by using EMG –  it is 

a task performed by the electromyography 

specialist –  the neurophysiologist.

Highlights
Connections between the MN and UN in the 

upper part of the forearm are the most com-

mon form of anastomosis involving periphe-

ral nerves. The anastomosis is present when 

some of the motor fi bres innervating the 

hand muscles in the ulnar region are found 

as far as the elbow in the MN nerve.
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