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Morphometric Study of Martin-Gruber
Anastomosis and its Surgical Implications:

A Cross-sectional Cadaveric Study
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ABSTRACT

Introduction: The Martin-Gruber anastomosis is a median-ulnar
nerve communication in the upper part of the forearm. This
anastomosis is classified into four types.

Aim: To determine the incidence and morphometry of the Martin-
Gruber anastomosis and recognise its surgical implications in
the South Indian population.

Materials and Methods: This cross-sectional study was conducted
on 60 cadaveric upper limb specimens obtained from the Department
of Anatomy, Rajarajeswari Medical College and Hospital, Bengaluru,
Karnataka, India between November 2022 and March 2023. The
median and ulnar nerves were traced, and the Martin-Gruber
anastomosis was identified and documented. The classification
devised by Nakashima T was used in present study. The distance
from the medial epicondyle of the humerus to the point of
anastomosis on the ulnar nerve was measured using Vernier calipers.

INTRODUCTION

The ulnar nerve arises as a terminal branch of the medial cord of
the brachial plexus, consisting of C8 and T1. The median nerve is
formed by the union of the medial root (C8, T1), which is derived
from the medial cord of the brachial plexus, and the lateral root
(C5, CB, C7), formed by the lateral cord of the brachial plexus.
The Martin-Gruber anastomosis is the communication between
the median and ulnar nerves in the upper part of the forearm. This
communication was first described by Anatomist Martin R et al.,
[1], who considered the possibility of nerve communication in the
forearm. In 1870, Gruber W demonstrated its presence in 15.2% of
dissected forearms [2]. This anastomosis is classified into four types.
In Type |, there is communication between the anterior interosseous
nerve and ulnar nerve, while in Type Il, the nerve fascicles from
the median nerve descend to communicate with the ulnar nerve
distally. In Type Ill, the muscular branches to the deep flexors of
the forearm arising from the median nerve communicate with the
muscular branches of the ulnar nerve. In Type IV, instead of one, two
rami exist between the muscular branches from either the median
nerve or the anterior interosseous nerve and the ulnar nerve [3].
Various methods are used to investigate this anastomosis, including
anatomical dissection and electroneurography.

Carpal tunnel syndrome is an entrapment neuropathy caused by
compression of the median nerve in the wrist’s carpal tunnel. The
symptoms of carpal tunnel syndrome include numbness, pain, and
paresthesia [4]. On electrodiagnosis, paradoxical normal latency
was observed on median nerve stimulation in five out of 65 patients
with clinical carpal tunnel syndrome. It was concluded that Martin-
Gruber anastomosis results in the sparing of thenar muscles from
denervation in patients with carpal tunnel syndrome [5]. In addition,
ulnar neuropathy, which presents with tingling and numbness in
the little finger and ulnar aspect of the ring finger, is seen in the
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The data were analysed using the statistical software Stastistical
Packages for the Social Sciences (SPSS) version 23.0. Categorical
variables were expressed as frequency and percentage, while
continuous data were expressed as mean and standard deviation.

Results: The Martin-Gruber anastomosis was observed in 11
out of 60 upper limb specimens (18.33%). Type | anastomosis
was observed in 3 specimens (27.27 %), Type Il in 2 specimens
(18.18%), and Type lll in 6 specimens (54.4%). Type IV was not
documented in present study. The distance from the location of
the anastomosis on the ulnar nerve to the medial epicondyle of
the humerus ranged from 2.2 cm to 13.2 cm, with an average
of 3.5 cm.

Conclusion: The findings of present study might be useful for
neurosurgeons during nerve transfer techniques for chronic
ulnar neuropathy, which is seen in the general population as
well as athletes.

general population and athletes, and conservative treatment is
usually followed [6]. However, in some cases, surgical treatment
involving decompression of the ulnar nerve at the cubital tunnel is
performed. The diagnosis of carpal tunnel syndrome or ulnar nerve
lesions can be complicated by the presence of Median-ulnar nerve
communication [7].

In addition, to decompression in ulnar neuropathy and to expedite
motor recovery, nerve transfer techniques have been adopted [8].
Recently, this anastomosis has been used for restoring intrinsic
function through nerve transfer techniques. To assist with this surgery,
authors measured the distance between the medial epicondyle of
the humerus and the Median-Ulnar nerve communication, which
has not been done to date. The objective of present study was
to estimate the incidence and morphometry of Martin-Gruber
anastomosis and to recognise its surgical implications.

MATERIALS AND METHODS

The present cross-sectional study was conducted on sixty well-
embalmed, formalin-preserved adult cadaveric upper limbs obtained
from the Department of Anatomy at Rajarajeswari Medical College
and Hospital, Bengaluru, Karnataka, India, from November 2022
to March 20283. Since, it was a cadaveric study, Ethical Clearance
was exempted for institution.

Inclusion and Exclusion criteria: Cadavers ranging from 30 to
70 years, regardless of gender, with intact forearms were included.
Forearms that were deformed due to injury or malformation were
excluded from the study.

Dissection of the forearm was performed to trace the median,
anterior interosseous nerve, and ulnar nerve. The deep flexors of
the forearm were identified, and the muscular branches to the flexor
digitorum profundus from the median nerve and ulnar nerve were
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traced. Martin-Gruber anastomosis was observed on the upper
part of the flexor surface of the forearm, originating from either the
median nerve or anterior interosseous nerve and terminating distally
onto the ulnar nerve. The ulnar artery crossed superficially to the
anastomosis, as seen in [Table/Fig-1]. Over the years, researchers
have devised various types of classifications of Martin-Gruber
anastomosis. However, authors have followed the classification
devised by Nakashima T, in which the anastomosis is classified into
four types [9]. In Type |, there is communication between the anterior
interosseous nerve and ulnar nerve, whereas in Type I, the nerve
fascicles from the median nerve descend to communicate with
the ulnar nerve distally. In Type Ill, muscular branches to the deep
flexors of the forearm arising from the median nerve communicate
with the muscular branches of the ulnar nerve. In Type IV, there is a
looped anastomosis between the muscular branches of the median
and ulnar nerves. Variations were recorded and photographed.

[Table/Fig-1]: In Type I, which was seen in three upper limbs, the nerve fascicles
originated from the anterior interosseus nerve and communicated with the ulnar
nerve distally.

Additionally, the distance from the medial epicondyle of the humerus
to the point of anastomosis at the ulnar nerve was measured using
digital vernier calipers (accuracy 0.1 mm).

STATISTICAL ANALYSIS

The data were analysed using the statistical software SPSS version
23.0. Descriptive statistics were used to express categorical variables
as frequency and percentage, while continuous data were expressed
as mean and standard deviation.

RESULTS

The Martin-Gruber anastomosis was observed in 11 out of 60 upper
limb specimens (18.33%). Type | communication was recorded in
three specimens, as seen in [Table/Fig-1]. Type Il was observed in
two specimens [Table/Fig-2]. Type Il was found in six specimens
[Table/Fig-3]. Type IV was not observed in any of the specimens.
Morphometrically, the distance of the location of the anastomosis at
the ulnar nerve from the medial epicondyle of the humerus ranged
from 2.2 cmto 13.2 cm, with amean of 3.5 cm+1.2 cm, as depicted
in [Table/Fig-4].

DISCUSSION

Several studies have demonstrated the incidence of Martin-Gruber
anastomosis. Our findings are consistent with the study done by
Roy J et al., in which the prevalence was 19.5% [10]. The study

[Table/Fig-2]: In Type II, which was observed in two limbs, the nerve fascicles
originated from the median nerve at the level of medial epicondyle and communicated
with the ulnar nerve distally. Point A: Medial epicondyle; Point B: Point of anastomosis
with the Ulnar nerve. Dotted line AB (Yellow colour)- Measurement taken from medial
epicondyle to the point of anastomosis on the Ulnar nerve.

[Table/Fig-3]: Type Ill was recorded in six limbs in which the muscular branches to
the deep flexors of forearm arising from the median nerve communicated with the
muscular branches of Ulnar nerve.

Types Incidence of anastomosis Range
Type | 3 (5%) 3.5t05.2¢cm
Type Il 2 (3.33%) 1.6t04.2cm
Type lll 6 (10%) 2.2to5.4cm
Overall 11 (18.33%) 3.56+1.2 cm

[Table/Fig-4]: Incidence range, and mean distance of the location of Martin-Gruber

anastomosis at the ulnar nerve from the medial epicondyle of humerus.

done by Srinivasan R and Rhodes J found that the median-ulnar
anastomosis of the forearm was seen in 15% of the normal dissected
foetuses [11]. Nakashima T observed the anastomosis in 23 out of
108 cadaveric arms and classified the anastomosis into four types.
Type 1a, characterised by communication between the anterior
interosseous and ulnar nerve, was seen in 13 specimens. Type 1b,
with communication between the median and ulnar nerve, was
found in one specimen. Type I, involving the muscular branches of
the flexor digitorum profundus, was seen in eight specimens. Type I,
a combination of Type 1a or 1b and Type Il, was observed in one
specimen [9]. For several years, researchers have been focusing on
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the median-ulnar nerve communication to understand its incidence
across various ethnic groups and its various types. The Martin-
Gruber anastomosis was found in 25 (21.2%) out of 118 cadavers in
the study conducted by Rodriguez-Niedenfuhr M et al., [12].

A systematic review of the literature has highlighted the necessity of
knowledge of forearm nerve anatomy for nerve transfer techniques.
Davidge KM et al., conducted a study in which they evaluated 55
patients preoperatively and postoperatively following a nerve transfer
technique. They concluded that supercharge end-to-side anterior
interosseous-to-ulnar nerve transfer may be a useful technique for
augmenting intrinsic muscle function for severe ulnar neuropathy.
Recently, surgical treatment for patients with rapidly progressive
ulnar neuropathy has shown promising results with supercharged
end-to-side nerve transfer between the anterior interosseous nerve
and the ulnar nerve [13]. Jarvie G et al., performed nerve transfer on
two patients with severe cubital tunnel syndrome and demonstrated
postoperative improvement in their electrodiagnostic studies, clinical
outcomes, and patient-reported outcome scores [14].

The findings in the present study might be useful for neurosurgeons
during nerve transfer techniques. Nerve defects are an indication
for nerve transfer surgery, which involves not only anatomical
reconstruction but also functional re-innervation. The goal of surgery
is to reinnervate specific muscles. While sural nerve was previously
used as an interposition nerve graft, now coaptation is done end-
to-end for intrinsic muscle of hand defects. In supercharged end-
to-side techniques, coaptation is done between the donor nerve
distally and the injured nerve to rapidly innervate the specific muscle.
Baron A and Strohl A have documented that the ideal candidates
for supercharged anterior interosseous nerve to ulnar motor nerve
transfer are those with severe ulnar neuropathy based on nerve
conduction and electromyographic studies, showing reduced
compound action potential and fibrillations at rest [15]. [Table/
Fig-5] compares the incidence of Martin-Gruber anastomosis with
published studies [2,9,16-19].

Author’s name Year | Sample size | Incidence of anastomosis (%)
Gruber W [2] 1870 250 15.2

Nakashima T [9] 1993 108 21.3

Prates LC et al., [16] 2003 64 7.8

Kaur N et al., [17] 2015 60 1.6

Cavalheiro CS et al., [18] | 2015 100 27

Felippe MM et al., [19] 2017 30 10

Present study 2023 60 18.3

[Table/Fig-5]: Literature review of cadaveric studies showing the incidence of

anastomosis between the median and ulnar nerves (Martin-Gruber anastomosis)
[2,9,16-19].

Limitation(s)

The limitations of present study include its relatively small size and
data collection from a single centre. Therefore, the findings cannot
be generalised. In the future, a multicenter study with a larger sample
should be conducted to assess the incidence of anastomosis.
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CONCLUSION(S)

This cadaveric dissection comprehensively enumerates the
various types of Martin-Gruber anastomosis, with emphasis on
its morphometry. It is imperative for neurovascular surgeons to
recognise and understand the possibility of using it in nerve transfer
techniques, particularly in cases of chronic ulnar neuropathy.
An easy method to predict the location of the Martin-Gruber
anastomosis is described, providing valuable insight for nerve
transfer techniques. Further studies are required to precisely
understand the morphometry of the Martin-Gruber anastomosis.
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