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Abstract
Introduction and aim: The Martin-Gruber anastomosis (MGA) is a neural communication between the
median nerve (MN) and ulnar nerve (UN), typically located in the proximal forearm. Despite its clinical
significance in diagnosing and treating nerve pathologies such as carpal and cubital tunnel syndromes,
anatomical variations of MGA remain underexplored. This cadaveric study aimed to determine MGA
prevalence, characterize its morphological patterns, and evaluate implications for peripheral nerve surgeries
such as ulnar nerve transplantation and upper extremity neuropathies.

Methods: Cadaveric dissections of 101 forearms were conducted at Tilman J. Fertitta Family College of
Medicine and Baylor College of Medicine. Only intact MGA specimens were included. Nerves were exposed
by reflecting fascia and muscle layers, and MGA pathways were traced retrogradely. Measurements included
the distance of MGA origins from the medial epicondyle (ME) and the width of the communication ramus. A
custom classification system categorized MGA patterns based on anatomical configurations.

The Martin-Gruber anastomosis prevalence found within the study was 37.6% (n = 38/101), with type I being
the most common at 58% (n = 22/38), followed by type III at 32% (n = 12/38), and type II at 11% (n = 4/38).
Unilateral MGA predominated at 53% (n = 20/38) and most patterns were intramuscularly embedded in the
flexor digitorum profundus (FDP) muscle. Communication fiber lengths ranged from 3 to 10 cm from the
ME. Findings corroborate prior classifications while highlighting subtle variations in morphology.

Conclusion: This study reveals a higher MGA prevalence compared to global averages, underscoring its
clinical importance. Detailed morphological insights enhance understanding of MGA variations, aiding
surgical precision, and improving outcomes in nerve repair and transplantation. Further research on MGA
functional dynamics is recommended to refine classification frameworks and surgical approaches.

Categories: General Surgery, Anatomy, Transplantation
Keywords: flexor digitorum profundus (fdp), martin-gruber anastomosis (mga), median nerve (mn), peripheral nerve
variations, ulnar nerve (un)

Introduction
The median nerve (MN) is formed by the convergence of the medial (C8, T1) and lateral (C5, C6, C7) cords of
the brachial plexus [1]. In contrast, the ulnar nerve (UN) arises as a terminal branch of the medial cord [1].
While both nerves are essential for sensory and motor functions in the upper extremities, their intricate
anatomical variations remain underexplored.

The Martin-Gruber anastomosis (MGA) is a significant neural communication between the MN and UN in
the proximal-to-mid forearm [2]. First proposed by Martin, it was described as a potential nerve
communication ramus between the two nerves [3]. Gruber later confirmed its existence through a dissection
study, reporting a prevalence of 15.2% [4]. A meta-analysis by Roy et al., based on 41 studies, estimated the
global prevalence at 19.5% and noted the highest prevalence in North Americans (29.1%) [1,5]. Genetic
studies have suggested that MGA may be linked to congenital abnormalities and familial dominant
inheritance patterns [6,7].

MGA has clinical significance in upper extremity nerve injuries and conditions such as carpal tunnel
syndrome and cubital tunnel syndrome [8]. Additionally, understanding the anatomical parameters of MGA
is crucial for improving the success of peripheral nerve surgeries, including nerve transposition procedures
[8,9].

Despite numerous studies on its prevalence, patterns, and functions, findings vary significantly [10-13]. This
study aimed to enhance knowledge of MGA prevalence and patterns through cadaveric dissections and
detailed nerve measurements to aid surgical and clinical applications.
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Materials And Methods
A total of 101 human cadaveric forearms were dissected at Tilman J. Fertitta Family College of Medicine and
Baylor College of Medicine to investigate MGA pathways. Forearms with visually intact and undamaged
muscle tissue were included in the study. Forearms with trauma, injury, or unidentifiable MGA were
excluded. Cadaveric specimens were stored at optimal temperatures and within appropriate storage units to
ensure proper tissue preservation prior to dissections.

The dissections involved removing fascia and muscle layers to expose the MN and UN from the distal flexor
retinaculum to the proximal cubital fossa. The forearms were carefully dissected until both fascia and muscle
layers were present. Both the MN and UN were identified and then traced from the distal flexor retinaculum
to the proximal cubital fossa. Any overlapping muscles were reflected during this process. A series of vertical
incisions and blunt dissections were performed to expose underlying MGA nerves and branches. MGA was
then confirmed by tracing retrogradely along the MN and UN for communicating connections.

Patterns were documented, photographed, and compared to existing studies to determine prevalence and
morphology. Measurements via digital caliper were taken relative to the medial epicondyle (ME) and
included - ME to the origin of the MGA from the UN, ME to the origin of the MGA from the MN, and width of
the MGA communication ramus between the MN and UN.

Results
This study found an MGA prevalence of 37.6% (n = 38/101). Type I anastomosis had the highest prevalence at
58% (n = 22/38), followed by type III at 32% (n = 12/38) and type II at 11% (n = 4/38). Unilateral MGA was
more common (53%, n = 20/38) compared to bilateral distribution (47%, n = 18/38).

The MGA was frequently embedded within the fibers of the flexor digitorum profundus (FDP) muscle. Some
studies have used the ulnar artery as a landmark for MGA pattern classification [14]. To account for observed
variations, a custom classification system was developed for this study. The patterns were categorized as
follows: type I - MGA embedded deep within the FDP muscle (Figure 1); type II - MGA located near or
superficial to the FDP muscle (Figure 2); and type III - MGA situated proximally near the cubital fossa,
adjacent to or within the FDP muscle window (Figure 3).

FIGURE 1: Cadaveric forearm dissection showcases MGA type I pattern.
The arrows within this figure highlight key landmarks involved in identifying MGA pattern type I. MGA is found
between both the MN and UN. ME is used as a directional reference indicating the orientation of the forearm
(distal toward north of the image). Note that the MN was retracted laterally to better depict the route of MGA.

MGA: Martin-Gruber anastomosis; MN: median nerve; ME: medial epicondyle; FDP: flexor digitorum profundus;
UN: ulnar nerve
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FIGURE 2: Cadaveric forearm dissection showcases MGA type II
pattern.
The arrows within this figure highlight key landmarks that are involved in identifying MGA pattern type II. MGA is
found between the MN and UN. ME is used as a directional reference indicating the orientation of the forearm
(distal toward right of the image). Type II anastomosis can be seen here lying superficial to the FDP muscle.

MGA: Martin-Gruber anastomosis; MN: median nerve; ME: medial epicondyle; FDP: flexor digitorum profundus;
UN: ulnar nerve
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FIGURE 3: Cadaveric forearm dissection showcases MGA type III
pattern.
The arrows within this figure highlight key landmarks that are involved in identifying MGA pattern type III. MGA is
found between the MN and UN. ME is used as a directional reference indicating the orientation of the forearm
(distal toward left of the image). Note that the anastomosis is found in closer proximity to the ME compared to
other patterns and more adjacent to the cubital fossa.

MGA: Martin-Gruber anastomosis; MN: median nerve; ME: medial epicondyle; FDP: flexor digitorum profundus;
UN: ulnar nerve

All MGA patterns originated from the MN and extended distally to the UN. These patterns were further
illustrated with reference diagrams to provide a clear visual representation (Figures 4a-4c). Note that MGA
pattern types are depicted in ascending alphabetical order. Parameter MGA measurements of averages can
be seen illustrated in Table 1.
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FIGURE 4: Diagram depicting MGA pattern types.
The arrows within this figure highlight key landmarks that indicate characteristics to distinguish between different
MGA patterns. The anastomosis connection (shown in red) is found between the MN and UN. FDP muscle is an
important reference muscle that denotes key differences between pattern types.

The image is created by the author (Paul Tran) of this study using BioRender.com.

MGA: Martin-Gruber anastomosis; MN: median nerve; ME: medial epicondyle; FDP: flexor digitorum profundus;
UN: ulnar nerve

Measurement Measurement estimated length averages

ME to UN 7.8 ± 3.4 cm

ME to MN 6.1 ± 2.2 cm

Width (MN to UN) 5.7 ± 2.1 cm

TABLE 1: A list of measurements in reference to the three lengths assessed for Martin-Gruber
anastomosis parameters.
MN: median nerve; ME: medial epicondyle; UN: ulnar nerve

Discussion
The Martin-Gruber anastomosis (MGA) is a clinically significant anatomical variation with direct
implications for diagnosing and treating peripheral nerve pathologies. A chronological reference table
highlights various related studies that have reported MGA prevalence (Table 2) [4,12,13,15-20]. Situated
distal to the cubital fossa, the MGA frequently intermingles with the flexor digitorum profundus (FDP)
muscle, highlighting its importance in both surgical interventions and understanding upper extremity nerve
injuries [8,9,12,13,21]. Previous studies have correlated MGA with paradoxical sensory and motor deficits,
which can complicate the diagnosis of median nerve (MN) and ulnar nerve (UN) lesions. Notably, conditions
like carpal tunnel syndrome and cubital tunnel syndrome may be misdiagnosed without a comprehensive
understanding of MGA patterns and their functional implications [9,12,13].
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Studies Year Number of cases Study type Martin-Gruber anastomosis prevalence (%)

Gruber [4] 1870 250 Dissection 15.2

Thomson [15] 1893 406 Dissection 15.5

Kimura et al. [16] 1976 328 Electrophysiology 17

Amoiridis [17] 1992 100 Electrophysiology 32

Nakashima [18] 1993 108 Dissection 21.3

Shu et al. [19] 1999 72 Dissection 23.6

Lee et al. [20] 2005 102 Dissection 39.2

Cavalheiro et al. [12] 2016 100 Dissection 27

Bharathi et al. [13] 2023 60 Dissection 18.3

Present Study 2024 101 Dissection 37.6

TABLE 2: Summary of reported studies regarding Martin-Gruber anastomosis prevalence
including year, author, and study logistics.

This study reports a prevalence of 37.6% (n = 38) for MGA, higher than the global median prevalence of
19.5% (n = 10,562) as documented in prior meta-analyses [1,10]. Like findings by Lee et al., a significant
proportion of MGA patterns observed in this study were intramuscular, embedded within the FDP, consistent
with their type III classification [20]. Additionally, the study aligns with the findings of Cavalheiro et al.,
which reported high frequencies of intramuscular communications and complex branching patterns,
emphasizing the diverse morphological presentations of MGA [12].

The observed MGA patterns in this study predominantly correspond to previously documented
classifications, with the most common resembling type I configurations involving communication between
branches of the MN and UN within or adjacent to the FDP muscle. These findings are consistent with
Nakashima and Shu et al., who highlighted similar intramuscular anastomoses [18,19]. However, subtle
variations in branching and insertion sites underline the need for continued investigation into these
configurations to refine existing classifications.

The length of the MGA communication fibers, ranging from 3 cm to 10 cm from the medial epicondyle (ME),
also aligns with earlier studies. For instance, Bharathi et al. and other anatomical studies have reported
comparable ranges, with variations attributable to population-based anatomical differences and dissection
techniques [13,22]. These measurements are crucial for guiding surgical approaches, particularly during
nerve transposition or repairs, where accurate identification of MGA is essential to minimize iatrogenic
injuries.

Historically, numerous classification systems have been proposed, each with unique contributions to
understanding MGA variations. For instance, Bharathi et al. outlined three types of MGA configurations,
while Cavalheiro et al. expanded this framework to six distinct patterns, incorporating both intramuscular
and extra-muscular communications [12,13]. Similarly, earlier studies by Shu et al. and Lee et al. further
characterized MGA patterns based on connections between the anterior interosseous nerve (AIN), MN, and
UN [19,20]. These diverse classifications underscore the complexity of MGA and the need for standardized
frameworks to facilitate cross-study comparisons.

The findings of this study also emphasize the unilateral predominance of MGA, a result consistent with
global trends reported by Amoiridis and others [17]. The anatomical variability observed here highlights the
importance of thorough knowledge of MGA configurations to optimize clinical outcomes in nerve repair
surgeries and to explain unexpected functional outcomes in patients presenting with peripheral
neuropathies. 

While the study provides valuable insights into MGA prevalence and morphology, there are also several
limitations to take into consideration. The occasional inability to definitively confirm some MGA-like
patterns as true anastomoses indicate an area for further exploration. In addition, due to the delicate and
fibrous nature of MGA connections, underlying nerve pathways were prone to a relatively high risk for
accidental transaction or removal prior to identification. Future research employing advanced imaging
modalities or neurophysiological studies may better elucidate these connections and their implications for
surgical and rehabilitative practices.
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Conclusions
This study highlights the higher prevalence of MGA (37.6%, n = 38) compared to global averages,
emphasizing its clinical and surgical relevance for planning and post-operational outcomes. The findings
also reinforce previous observations of MGA intramuscular configurations within the FDP muscle and
unilateral predominance. Despite its alignment with existing literature, subtle pattern variations suggest
that further investigations into MGA's functional and anatomical complexities are warranted, particularly for
refining nerve transplantation and repair strategies.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Paul Tran, Chakravarthy Sadacharan, Samantha P. Tippen

Acquisition, analysis, or interpretation of data:  Paul Tran, Dallas Bennett, Mathew Mendoza, Albert
Sarpong, Madeline Ayala, Chakravarthy Sadacharan

Drafting of the manuscript:  Paul Tran, Dallas Bennett, Chakravarthy Sadacharan

Critical review of the manuscript for important intellectual content:  Paul Tran, Dallas Bennett,
Mathew Mendoza, Albert Sarpong, Madeline Ayala, Chakravarthy Sadacharan, Samantha P. Tippen

Supervision:  Paul Tran, Chakravarthy Sadacharan

Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Roy J, Henry BM, PĘkala PA, Vikse J, Saganiak K, Walocha JA, Tomaszewski KA: Median and ulnar nerve

anastomoses in the upper limb: a meta-analysis. Muscle Nerve. 2016, 54:36-47. 10.1002/mus.24993
2. Polcaro L, Charlick M, Daly DT: Anatomy, head and neck: brachial plexus . StatPearls [Internet]. StatPearls

Publishing, Treasure Island, FL; 2023.
3. Martin R: Tal Om Nervus Allmanna Egenskaper I Maniskans Kropp . Las Salvius, Stockholm, Sweden; 1763.
4. Gruber W: Ueber die verbindung des nervus medianus mit dem nervus ulnaris am unterarm des menschen

und der säugethiere. [Article in German]. Arch Anat Physiol. 1970, 37:501-22.
5. Caetano EB, Vieira LÂ, Caetano MF, Cavalheiro CS, Filho RM, Neto JJ: Intramuscular Martin-Gruber

anastomosis. Acta Ortop Bras. 2016, 24:94-7. 10.1590/1413-785220162402149097
6. Srinivasan R, Rhodes J: The median-ulnar anastomosis (Martin-Gruber) in normal and congenitally

abnormal fetuses. Arch Neurol. 1981, 38:418-9. 10.1001/archneur.1981.00510070052007
7. Crutchfield CA, Gutmann L: Hereditary aspects of median-ulnar nerve communications . J Neurol Neurosurg

Psychiatry. 1980, 43:53-5. 10.1136/jnnp.43.1.53
8. Maya-González MA, Geney-Castro DE, Salinas-Durán F: Bilateral Martin-Gruber and Marinacci anastomosis

associated with carpal tunnel and Guyon's canal syndrome: case report. Neurodiagn J. 2022, 62:147-55.
10.1080/21646821.2022.2077053

9. Uchida Y, Sugioka Y: Electrodiagnosis of Martin-Gruber connection and its clinical importance in peripheral
nerve surgery. J Hand Surg Am. 1992, 17:54-9. 10.1016/0363-5023(92)90113-4

10. Smith JL, Siddiqui SA, Ebraheim NA: Comprehensive summary of anastomoses between the median and
ulnar nerves in the forearm and hand. J Hand Microsurg. 2019, 11:1-5. 10.1055/s-0038-1672335

11. Kaur N, Singla RK, Kullar JS: Martin-Gruber anastomosis - a cadaveric study in North Indian population . J
Clin Diagn Res. 2016, 10:9-11. 10.7860/JCDR/2016/16447.7247

12. Cavalheiro CS, Filho MR, Pedro G, Caetano MF, Vieira LA, Caetano EB: Clinical repercussions of Martin-
Gruber anastomosis: anatomical study. Rev Bras Ortop. 2016, 51:214-23. 10.1016/j.rboe.2016.02.003

13. Bharathi D, Vineesh PV, Shruthi B: Morphometric study of Martin-Gruber anastomosis and its surgical
implications: a cross-sectional cadaveric study. Int J Anat Radiol Surg. 2023, 12:5-7.
10.7860/IJARS/2023/65633.2941

14. Rodriguez-Niedenführ M, Vazquez T, Parkin I, Logan B, Sañudo JR: Martin-Gruber anastomosis revisited.
Clin Anat. 2002, 15:129-34. 10.1002/ca.1107

15. Thomson A: Third annual report of Committee of Collective Investigation of Anatomical Society of Great

 

2025 Tran et al. Cureus 17(1): e78139. DOI 10.7759/cureus.78139 7 of 8

https://dx.doi.org/10.1002/mus.24993
https://dx.doi.org/10.1002/mus.24993
https://www.ncbi.nlm.nih.gov/sites/books/NBK531473/
https://catalog.nlm.nih.gov/discovery/fulldisplay?docid=alma999130063406676&context=L&vid=01NLM_INST:01NLM_INST&lang=en&search_scope=MyInstitution&adaptor=Local Search Engine&tab=LibraryCatalog&query=lds56,contains,Nervous System,AND&mode=advanced&offset=60
https://scholar.google.com/scholar_lookup?&title=%C3%9Cber die Verbindung des Nervus medianus mit dem Nervus ulnaris am Unterarm des Menschen und der S%C3%A4ugetiere&journal=Arch Anat Physiol&volume=37&pages=501-522&publication_year=1970&author=Gruber%2CW
https://dx.doi.org/10.1590/1413-785220162402149097
https://dx.doi.org/10.1590/1413-785220162402149097
https://dx.doi.org/10.1001/archneur.1981.00510070052007
https://dx.doi.org/10.1001/archneur.1981.00510070052007
https://dx.doi.org/10.1136/jnnp.43.1.53
https://dx.doi.org/10.1136/jnnp.43.1.53
https://dx.doi.org/10.1080/21646821.2022.2077053
https://dx.doi.org/10.1080/21646821.2022.2077053
https://dx.doi.org/10.1016/0363-5023(92)90113-4
https://dx.doi.org/10.1016/0363-5023(92)90113-4
https://dx.doi.org/10.1055/s-0038-1672335
https://dx.doi.org/10.1055/s-0038-1672335
https://dx.doi.org/10.7860/JCDR/2016/16447.7247
https://dx.doi.org/10.7860/JCDR/2016/16447.7247
https://dx.doi.org/10.1016/j.rboe.2016.02.003
https://dx.doi.org/10.1016/j.rboe.2016.02.003
https://dx.doi.org/10.7860/IJARS/2023/65633.2941
https://dx.doi.org/10.7860/IJARS/2023/65633.2941
https://dx.doi.org/10.1002/ca.1107
https://dx.doi.org/10.1002/ca.1107
https://pubmed.ncbi.nlm.nih.gov/17232021/


Britain and Ireland for the year 1891-92. J Anat Physiol. 1893, 27:183-94.
16. Kimura J, Murphy MJ, Varda ?DJ: Electrophysiological study of anomalous innervation of intrinsic hand

muscles. Arch Neurol. 1976, 33:842-4. 10.1001/archneur.1976.00500120046007
17. Amoiridis G: Median - ulnar nerve communications and anomalous innervation of the intrinsic hand

muscles: an electrophysiological study. Muscle Nerve. 1992, 15:576-9. 10.1002/mus.880150507
18. Nakashima T: An anatomic study on the Martin-Gruber anastomosis . Surg Radiol Anat. 1993, 15:193-5.

10.1007/BF01627703
19. Shu HS, Chantelot C, Oberlin C, Alnot JY, Shao H: Martin-Gruber communicating branch: anatomical and

histological study. Surg Radiol Anat. 1999, 21:115-8. 10.1007/s00276-999-0115-9
20. Lee KS, Oh CS, Chung IH, Sunwoo IN: An anatomic study of the Martin-Gruber anastomosis:

electrodiagnostic implications. Muscle Nerve. 2005, 31:95-7. 10.1002/mus.20141
21. Iyer V, Fenichel GM: Normal median nerve proximal latency in carpal tunnel syndrome: a clue to coexisting

Martin-Gruber anastomosis. J Neurol Neurosurg Psychiatry. 1976, 39:449-52. 10.1136/jnnp.39.5.449
22. Hodzic R, Iljazovic E, Piric N, et al.: The Martin-Gruber anastomosis in Bosnian population: an anatomical

study. Ital J Anat Embriol. 2019, 124:377-81. 10.13128/ijae-11666

 

2025 Tran et al. Cureus 17(1): e78139. DOI 10.7759/cureus.78139 8 of 8

https://dx.doi.org/10.1001/archneur.1976.00500120046007
https://dx.doi.org/10.1001/archneur.1976.00500120046007
https://dx.doi.org/10.1002/mus.880150507
https://dx.doi.org/10.1002/mus.880150507
https://dx.doi.org/10.1007/BF01627703
https://dx.doi.org/10.1007/BF01627703
https://dx.doi.org/10.1007/s00276-999-0115-9
https://dx.doi.org/10.1007/s00276-999-0115-9
https://dx.doi.org/10.1002/mus.20141
https://dx.doi.org/10.1002/mus.20141
https://dx.doi.org/10.1136/jnnp.39.5.449
https://dx.doi.org/10.1136/jnnp.39.5.449
https://dx.doi.org/10.13128/ijae-11666
https://dx.doi.org/10.13128/ijae-11666

	A Cadaveric Study of the Martin-Gruber Anastomosis Morphology
	Abstract
	Introduction
	Materials And Methods
	Results
	FIGURE 1: Cadaveric forearm dissection showcases MGA type I pattern.
	FIGURE 2: Cadaveric forearm dissection showcases MGA type II pattern.
	FIGURE 3: Cadaveric forearm dissection showcases MGA type III pattern.
	FIGURE 4: Diagram depicting MGA pattern types.
	TABLE 1: A list of measurements in reference to the three lengths assessed for Martin-Gruber anastomosis parameters.

	Discussion
	TABLE 2: Summary of reported studies regarding Martin-Gruber anastomosis prevalence including year, author, and study logistics.

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


