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Abstract: 

Purpose 

The objective of the present review is to assemble the recognized anatomical variations, classifications and clinical 

evidence with regard to innervation of the hand and discuss the clinical significance of these variations.  

Methods 

The material for this review was obtained by exploring PubMed and Google Scholar (search terms: hand innervation, 

variations of ulnar nerve, variations of median nerve, variations of radial nerve) as well as from standard anatomy texts. 

This initial search returned approximately 300 articles, which was reduced by abstract or title review. Reviewing the 

reference lists of significant papers uncovered further studies missed in the initial search. A few standard anatomy texts 

were also consulted for normal anatomy. 

Results 

The Median and Ulnar nerves frequently display a number of significant deviations from the traditionally taught 

branching patterns. The traditionally taught innervation of the hand is also found to be highly variable. This is 

especially evident with regard to the motor innervation of thenar muscles. These variations may be explained by the 

often under-recognised anastomoses that exist in the hand, such as the motor Riche-Cannieu Anastomosis. Some of 

these variations are associated significant clinical consequences. 

Conclusions 

The Median and Ulnar nerves display many anatomical variations, often with significant clinical implications. 

Awareness about these variations is clinically important when interpreting clinical examination findings, 

electrophysiological and radiological investigation as well as during management of patients in terms of surgical and 

anaesthetic procedures. 
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Introduction 

 

Traditionally the innervation of the hand has been broken down into two clear rules: the Median nerve supplies the 

thenar eminence and the lateral two lumbricals, while the Ulnar nerve supplies all other intrinsic hand muscles [49, 56, 

59]. However this is a huge oversimplification of a rather complex topic. Both nerves have numerous, common 

anatomical variations which can have significant clinical implications.  

If the reader has no knowledge of aberrant connections, alternative innervation patterns or possible anastomosis, many 

peripheral nerve lesions will never be understood. Standard anatomical knowledge does not always explain the signs 

associated with nerve lesions [70], especially when anatomical variations are so common. For example, Rowntree found 

that the traditionally taught innervation pattern is found in only a third of the population, with one fifth of the 

population having significant variations of motor innervation  [56] .  

The Median and Ulnar nerves have a “normal” anatomical arrangement in only 8.9% of dissected limbs [70]. The 

remaining limbs displayed a wide array of variations that can have significant clinical implications, especially for hand 

surgery, trauma and compressive lesions. Electrophysiological testing can detect only some of these variations before 

surgery [61], and thus an understanding of all possible nerve courses is vital.   

 

Methods 

An initial search of PubMed and Google Scholar was undertaken to gather material for this review, using the following 

search terms: hand innervation variations, ulnar nerve variations, median nerve variations, radial nerve variations, hand 

anastomosis. This produced approximately 300 articles, whose titles and abstracts were then reviewed for relevance to 

the research question.  From this initial search approximately 100 articles were of relevance, and were reviewed. 

Additionally, the reference lists of significant papers were reviewed for studies missed in the initial search. From this, 

18 additional articles were found for this review. Due to duplicate reporting, studies were only included in the final 

review article if they provided new, relevant information or a succinct summary of the know information at that date. 

A few standard anatomy texts were also used.  

 

Results 

 

The literature demonstrated that both the Median and Ulnar nerves display a number of significant deviations to the 

traditionally taught branching patterns. They rarely display a ‘normal’ anatomical arrangement, and some of the 

abnormal variations were found to be associated with clinical conditions. Useful classification systems exist to group 
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the variations, such as the Lanz classification for the Median nerve and the Murata classification for the Ulnar nerve. 

Additionally while the PCBM can be considered as an anatomical constant, there is rarely an Ulnar equivalent.  

The traditionally taught innervation of the hand is also highly variable. This is especially evident in the thenar 

eminence, where the Deep Branch of the Ulnar Nerve (DBUN) makes varying contributions that can have significant 

clinical impact. These variations may be explained by the often under-recognised anastomoses that exist in the hand, 

such as the MCA, RCA and Berettini anastomosis. Significantly the RCA has a reported prevalence of up to 77% and 

the Berettini anastomosis has a prevalence of up to 100%.  

Median nerve - Normal Anatomy 

The median nerve enters the hand through the carpal tunnel. Usually, the Palmar Cutaneous Branch of the Median nerve 

(PCBM) branches off just prior to the carpal tunnel [15]. 

After exiting the carpal tunnel the Median nerve divides into medial and lateral branches. The medial branch then 

terminates as the first and second Palmar Common Digital Nerves (CDN), which usually supply motor innervation to 

the second lumbrical and sensory innervation to the distal palm and fingers. The lateral branch gives off the Recurrent 

Median nerve (RMN), i.e. the thenar Motor Branch. It then terminates as three palmar Proper Digital Nerves (PDN) 

which supply motor innervation to the first lumbrical (via the radial PDN to the index finger) and sensory innervation to 

thumb and radial side of the index finger. There is no CDN to the thumb; the lateral branch immediately branches into 

PDNs [29, 51]. This is shown in Figure 1. An anatomical variant of bifurcation within the carpal tunnel has also been 

described [2]. 

Lanz classified the variations in the course of the Median nerve at the wrist into five groups, as can be seen in Figure 2. 

He included Variations of the RMN previously classified by Poisel into Groups 0 and 1 [55]. Accordingly the group 0 

has an extraligamentous RMN (considered standard anatomy) [29]. Group 1 contains the various RMN branching 

patterns, including, subligamentous, transligamentous, preligamentous and supraligamentous. Group 2 nerves comprise 

of a distal accessory thenar branch. Group 3 demonstrates a high division of the Median nerve, resulting in a bifid 

nerve. Finally, Group 4 nerves contain an accessory branch of the Median nerve branching proximal to the carpal tunnel 

[17, 29, 36]. Group 0 is sometimes considered to be a subgroup of Group 1. Group 0 and 1 are vastly the most common 

variations; Group 2 has prevalence of approximately 4.6%, group 3 a prevalence of 2.6% and group 4 a prevalence of 

2.3% [29]. 
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Clinical Implications 

Possessing a Lanz group 3 variation of the Median nerve has been found to be associated with an increased rate of 

Carpal Tunnel Syndrome (CTS). In 2008 Bayrak et al found group 3 classification to be prevalent in 19% of patients 

with CTS as compared to 9% of healthy controls. The group is also associated with an increased risk of aberrant nerve 

branches [6] and the presence of persistent median artery [4].  The increased risk of CTS in Lanz group 3 maybe 

attributed to the increased cross sectional of the neural tissue [6] as well as the presence of the median artery reducing 

the space within this fibro-osseous channel. Further, this variation is one of the few that can be detected via ultrasound; 

a recent meta-analysis suggested ultrasound screening of patients before undergoing CTR surgery can help identify 

those at increased risk of iatrogenic nerve damage and allow for better surgical planning [29]. 

Recurrent Branch of the Median nerve (RMN)  

Due to the clinical significance of the RMN, its variations have been extensively studied [3, 29, 54]. Poisel originally 

described a classification system of three main branching patterns: extraligamentous (type I), subligamentous (type II) 

and transligamentous (type III) [54].  

In extraligamentous nerves the RMN arises distal to the TCL. It then takes a retrograde course to reach the thenar 

muscles. In the subligamentous class the RMN arises within the carpal tunnel, remaining deep to the TCL until it 

reaches the distal end of the ligament. At the distal end the nerve branch bends around the ligament to reach the thenar 

muscles. In transligamentous nerves, the RMN arises within the carpal tunnel. It then pierces the TCL and crosses 

superficially to the thenar eminence [29]. Extraligamentous is the most common group; a recent meta-analysis found 

that the pooled prevalence for extraligamentous nerves was 75.2%, 13.5 % for subligamentous and 11.3% for 

transligamentous [29]. Exact prevalence rates can vary among populations. For example, subligamentous RMN  were 

found in 24.6% of Europeans, 12.6% of Asians and 7.1% of Americans, while the transligamentous group had a 

prevalence of 19.4% in Americans, 11.7% of Europeans and 8.7% in Asians [29].  

Additionally, rare cases of a supraligamentous and preligamentous courses have also been described [29, 36]. The rare 

supraligamentous RMN remains deep to TCL before emerging at the distal edge of the TCL and take a recurrent course 

to run over the top of the TCL to reach the thenar muscles. Preligamentous RMNs arise proximal to the TCL, and run 

superficially over the ligament to reach their destination [29]. 

In approximately 2% of Median nerves the RMN has also been shown to arise from the ulnar side of the Median nerve 

[29]. 
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Clinical Implications 

Knowledge of RMN variations is vital, especially concerning operations such as carpal tunnel release (CTR). During 

CTR surgery the potential exists for iatrogenic damage to the main trunk of the Median nerve as well as the PCBM and 

the RMN [32]. RMN is known as the ‘million dollar nerve’ due to the significant functional deficits patients experience 

if it is damaged, and the subsequent litigation bill [29]. As discussed above there are numerous variations, such as 

transligamentous, preligamentous or ulnar branching RMN, which are at significant risk of iatrogenic harm. The 

traditional ulnar-based approach to CTR will not always ensure their safety, stressing the importance of careful layer by 

layer dissection.  

Generally, “there are few, if any clinical or electrophysiological signs that anatomical variations of the Median nerve in 

the carpal tunnel are present in a patient”[29]. Ultrasound screening is usually unhelpful (except in the case of a Lanz 

Group 3 variation). Symmetry also cannot be relied upon; for example, only 72% of the population have the same 

course of the RMN bilaterally [29].  

It has been suggested that the presence of hypertrophic thenar musculature may be indicative of an atypical RMN, 

especially a transligamentous RMN, and should be considered a warning sign during carpal tunnel surgeries [29].   

Ulnar nerve -Normal Anatomy 

The Ulnar nerve emerges from beneath the FCU tendon proximal to the wrist. It gives off the Dorsal Branch of the 

Ulnar Nerve (DorBUN) just prior to emergence. The DorBUN provides cutaneous innervation to dorsal medial surface 

of the hand and digits [49, 59]. At the wrist the main body of the Ulnar nerve gives off small variable palmar cutaneous 

branches, which supply the skin of the hypothenar eminence [12, 19, 49, 59].  

The nerve enters the wrist via the Guyons canal, a tunnel between pissohamate and the palmar carpal ligaments on the 

ulnar boarder of the wrist [49, 50, 53, 59, 64]. Classical teaching states that the Ulnar nerve divides into the Superficial 

Sensory (SSBUN) and Deep Branch (DBUN) inside Guyon’s canal [8, 50, 59, 64]. This division can also occur 

proximal to the canal, in 13 – 16% of the population [53, 64]. 

Variations in Bifurcation 

Not only does the exact position of the bifurcation of the nerve differ, but so does the entire branching pattern of the 

Ulnar nerve in the hand. Bonnel and Vila found the Ulnar nerve course could be classified as either Type 1 or Type 2 

[10]. Type 1 reflects traditional anatomy teaching, as described above [10, 64]. Bonnel and Vila found this pattern 

present in 80% of specimens [10]. In Type 2 the Ulnar nerve trifurcates. There exists no Superficial Sensory branch; the 

Ulnar nerve splits into the DBUN, the third CDN and a PDN. This was present in 9% - 19.6% of specimens [10, 50, 

64]. 
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Murata et al. later extended on this classification system [50]. They added an additional 3 groups to Bonell and Vila’s 

classification system. Type 3 Ulnar nerves bifurcates; however unlike Type 1 the Ulnar nerve bifurcated into an ulnar 

and radial trunk. The ulnar trunk further bifurcated into the DBUN and the ulnar PDN. The Radial trunk extended as the 

third CDN.  In type 4 ulnar nerve trifurcates and there is an additional communicating superficial branch arising 

proximally. Type 5 demonstrates trifurcation with the DorBUN branching off distally, from the 5th PDN.  The study 

found that Type 1, as described above, was present 77% of the time. Type 2 was present 9% of the time. Type 3 had a 

prevalence equal to Type 2, of 9%. Type 4 and Type 5 Ulnar nerves were both rare; each were found in 3% of 

specimens. [50]. This can be seen in figure 3.  

There exist more possible variations of the Ulnar nerve not depicted in figure 3, however those depicted are the most 

common. Bonnel and Vila found one specimen where the Ulnar nerve divided into 4 branches inside Guyon’s canal: the 

DBUN, third CDN, a PDN and a communicating branch to the second CDN of the Median nerve [10]. This 

communicating branch is likely a Berretini anastomosis, as described below.  

Because of the many variations possible the branching of the Ulnar nerve is commonly grouped into 3 sets: bifurcated, 

trifurcated and anomalous [50]. Bifurcated Ulnar nerves are by far the most common (Groups 1 and 3), followed by 

trifurcated nerves (Groups 2, 4 and 5) with an incidence of 13% - 22% [10, 44, 50]. 

Superficial Sensory Branch of the Ulnar Nerve (SSBUN) 

Where it exists most sources state the SSBUN exits Guyon’s Canal, where it can be palpated on the hook of the hamate 

[59]. It then travels superficially to the hypothenar eminence, where it generally branches into the third CDN and the 

ulnar PDN of the small finger (Figure 1). These branches supply cutaneous innervation to the ulnar one and a half digits 

[50, 53, 64].  

It has been reported that just prior to its bifurcation the SSBUN usually supplies motor innervation to the Palmaris 

Brevis [59]. 

Deep Branch of the Ulnar Nerve (DBUN) 

Traditionally it is thought that the DBUN travels through the Guyon’s canal and curves around the medial wall of the 

hook of the hamate, deep to the hypothenar muscles [2, 8, 50, 53, 64]. It passes deep into the palm between the heads of 

the Flexor Digiti Minimi (FDM) and Abductor Digiti Minimi (ADM) and courses between the superficial and deep 

layers of the Opponens Digiti Minimi (ODM) [50, 53, 59, 64]. This pathway is not consistent however. In about 20% of 

the population the DBUN enters the intermuscular space between the ADM and ODM [8, 50]. Rarely the DBUN 

courses between the 2 origins of the FDM [50] . 
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As the nerve passes through the hypothenar muscles, motor branches are given off [8, 50, 53]. This branching pattern 

demonstrates incredible variability. Either one large main motor branch is given off to the hypothenar muscles, or up to 

four small main branches [8, 53]. Two main motor branches is the most common pattern, with a prevalence of 66% [8]. 

The main body of the DBUN then continues down to the deep plane of the interossei muscles and “arches deeply in the 

palm within the concavity of the deep palmar arch” [59]. Murata et al studied the motor branch to the ADM, and found 

a wide array of variation. For example, in 29% of hands they found the motor branch to the ADM originated from the 

Ulnar nerve prior to Guyon’s canal [50]. 

Palmar Cutaneous Branch of the Ulnar Nerve (PCBUN) 

The PCBUN is highly variable when compared to its median counterpart [19, 44, 46]. It is commonly absent; one study 

failed to find it in 40 dissected hands [46]. In a another study it was present in only 16% of hands [19, 44]. Where 

present it originates an average of 4.6cm proximal to the pisiform from the main Ulnar nerve body. It then travels into 

the palm superficial to the TCL [44].  

Where the PCBUN is not present, the hand appears to receive cutaneous sensation via the Nerve of Henle, a forearm 

branch of the Ulnar nerve that provides sympathetic innervation to the ulnar artery. It has been suggested that the Nerve 

of Henle is actually a proximal variant of the PCBUN [5, 44, 47]. 

Innervation of the intrinsic hand muscles 

Motor innervation of the hand is also not as simple as is traditionally taught. Classical teaching states the Median nerve 

supplies the thenar eminence and the lateral two lumbricals.  The Ulnar nerve supplies all other intrinsic hand muscles 

[49, 56, 59]. However this innervation pattern is only found in roughly one third of the population, with one fifth off the 

population having ‘significant’ variations of motor innervation [2, 56]. 

Thenar Muscles and the Adductor Pollicis 

The thenar eminence is composed of the Abductor Pollicis Brevis (APB), the Flexor Pollicis Brevis (FBP) and the 

Opponens Pollicis (OP) [27, 49]. The Adductor Pollicis (ADD) also acts on the thumb, and will be discussed here. The 

innervation of these muscles displays significant variation in the population, as can be seen in Table 1. Quantifying the 

exact percentage of each pattern of innervation is difficult due to the vast differences between studies, and the added 

complexity of dual innervation. 

The majority of the Thenar muscles are innervated by RMN, however the DBUN makes varying contributions. Some of 

this variation is thought to be due to connections between the Median and Ulnar nerves, such as the Riche - Cannieu 

anastomosis discussed below. In approximately 2% of hands the Ulnar nerve was found to innervate all the thenar 
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muscles, and the Adductor Pollicis [2, 56, 70]. One author found that the median nerve solely innervated the thenar 

muscles in roughly one quarter of the population [22].  

Of all of the muscles of the thenar eminence the FPB demonstrated some of the highest variability. As seen in Table 1, 

the Superficial Head of the FPB is generally innervated by the Median nerve. A significant outlier to this however is 

Belson et al’s 1976 study [7]. They found that the Superficial Head was only innervated strictly by the Median nerve in 

14.3% of the population. Occasionally the Deep head of the FPB muscle is absent. In these hands, Ajmani et al found 

the whole belly of the FPB was always innervated by the Ulnar nerve [2]. 

Lumbricals 

The four lumbrical Muscles assist in metacarpophalangeal joint flexion and are the main contributor to interphalangeal 

joint extension. [51] Their innervation is generally constant, as can be seen in Table 2. The innervation of the first two 

lateral lumbricals is commonly via Digital Nerves branching from the Median nerve. It is important to keep this in 

mind, and to recognize that the Digital Nerves are not purely sensory [37, 51]. A recent study found that lumbrical 

innervation was ‘normal’ in 92% of hands [33]. The third lumbrical undoubtedly has the highest rate of variable 

innervation; a recent study suggested that it receives dual innervation 64% of the time [30]. 

Hypothenar Muscles 

The hypothenar eminence is comprised of the Abductor Digiti Minimi (ADM), the Flexor Digiti Minimi (FDM) and the 

Opponens Digiti Minimi (ODM) [49]. As can be seen in Table 3 the Ulnar nerve usually solely innervates the 

hypothenar eminence,  however there have been reports of Median nerve contribution through either Martin- Gruber 

anastomosis or a hypothenar motor branch from the Median nerve [53, 56].  

The Palmaris Brevis lies superficial to the base of the hypothenar eminence. It is usually innervated by the SSBUN, 

though occasionally receives innervation from the DBUN [44, 59]. 

Interosseous Muscles 

The 7 interosseous muscles, three palmar and four dorsal, are vital for hand function (especially grip and pinch strength) 

[40]. It is classically taught that they are innervated by the DBUN [40, 64]. The literature agrees generally, though it 

does acknowledge that anastomoses between the Ulnar and Median nerve could potentially alter the innervation pattern 

[8, 40, 60, 64]. Sunderland has demonstrated median innervation of first dorsal interosseous in 3 out of 100 consecutive 

autopsy specimens [65]. 

Clinical Implications  

It is important to acknowledge the wide array of variation that exists in the innervation of the hand. Whether this is due 

to abnormal branching of the nerves, or anastomoses as discussed below, the hand is more likely to demonstrate 
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abnormal innervation patterns than it is to reflect the ‘classical’ teachings [56]. This is important to recognize not only 

for the evaluation of any nerve injury itself, but for the planning of possible reconstructive surgery [2]. 

While some of these anatomical variations may only be minor, there are numerous reports of significant deviations that 

could have serious clinical implications if not recognized. For example several authors have described the possibility of 

a totally ulnar innervated hand [2, 9, 23, 56, 57]. In the study performed by Sachs et al they found “4 out of 102 Median 

nerve transections spared all intrinsic hand muscles, including the Abductor Pollicis Brevis” [57]. Uncini et al have 

reported a case with ulnar nerve injury at elbow sparing the first dorsal interosseous. Electrophysiological studies in this 

patient revealed an anastomosis between Ulnar and Median nerves near the elbow [68]. Without knowledge of the 

possible variations of innervation possible these type of scenarios would confuse the clinician.  

Neural Anastomoses 

Not only can the course of the Median and Ulnar nerve be extraordinarily varied, but numerous anastomoses can exist 

between the two nerves to complicate matters. An understanding of the possible anastomoses is vital for understanding 

the innervation of the hand and correct evaluation of peripheral nerve lesions.  

Martin Gruber Anastomosis (MGA) 

The Martin Gruber Anastomosis (MGA) is perhaps the most well described anastomosis between the Median and Ulnar 

nerve. As it occurs in the forearm, the MGA will not be discussed in detail in this report. However, it is important to 

acknowledge its existence, as it can alter the innervation of the hand.  

The MGA is formed in the forearm by an anastomosis between either the Anterior Interosseous Nerve or the main body 

of the Median nerve, to the Ulnar nerve [12, 13, 26, 45, 53, 70]. The nerve axons start in the proximal Median nerve and 

cross the forearm to join the distal Ulnar nerve [70]. This anastomosis often carries motor fibers and has been shown to 

alter the innervation of the hand [12, 20, 42]. For example, one study explicitly demonstrated it would variably 

innervate the first dorsal interosseous, the ADM and the Adductor Pollicis [42]. Reported prevalence varies from 10% - 

39% [20, 26, 34, 38, 42, 45, 58, 67, 70]. 

 The MGA is not the only anastomosis of note in the forearm; the Marinacii communication also exists. The Marinacci 

communication can be thought of as a reverse, rare MGA. It is a connection between the proximal Ulnar nerve and the 

distal Median nerve [43, 62, 70]. It has a prevalence of 1.3 - 4% [35, 48]. While rare, this anastomosis also deserves 

recognition. It was first proposed by Marinacci, who presented a case study of a patient with trauma to the Median 

nerve at the forearm. The patient had denervation of their forearm flexors, with preserved median innervation of the 

hand muscles [43].   
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Riche - Cannieu Anastomosis (RCA) 

The Riches-Cannieu Anastomosis (RCA – figure 4) is a clinically significant anastomosis in the hand, formed between 

the RMN and the DBUN [12, 21, 27]. It is also known as the Thenar Ansa [27]. The RCA is a motor anastomosis, and 

facilitates the Ulnar nerve innervation of the thenar muscles [9, 11, 25, 69, 70]. It has a reported prevalence of 19 – 77% 

[2, 28, 57, 70]. Yang et al recently noted an incidence of bilateral RCAs in 31% of dissected hands, and a unilateral 

RCA in 38%. It is more common in the right hand (62%) then the left hand (28%) [70]. 

Knowledge of a potential RCA is vital when evaluating the innervation of the hand. For example Bolukbasi et al. 

reported a case where the RCA facilitated ulnar innervation of both the thenar and hypothenar muscles [9]. Another 

recent case report supported Bolukbasi’s finding: Rovers et al. described a patient with atrophy of the thenar and first 

dorsal interosseous muscles of the hand due to compression of the ulnar nerve in the piso-hamate hiatus. They 

determined that this was due to a RCA, which was visible on an MRI [55]. It is highly likely that a RCA may help 

explain the 2% of hands that have ulnar innervation of both thenar and hypothenar muscles [56, 69].  

It is also interesting to note that the innervation of the Superficial Head of the FPB by the Ulnar nerve occurs 

significantly more frequently in hands where a RCA was present; 78% compared to the 22% in those without the 

anastomosis [70]. 

Berrettini Anastomosis 

The Berettini Anastomosis (BA) is a poorly discussed, though very common anatomical variation [61, 66]. While rarely 

discussed in the literature the anastomosis has been known since the 18th century, where it appeared in Berettini’s 

anatomic drawings [18, 66]. The BA is a purely sensory anastomosis between the second palmar CDN (from the 

Median nerve) and the third palmar CDN (from the Ulnar nerve), resulting in alteration to the sensibility of the middle 

and ring finger [21, 61, 66]. Specifically it alters the innervation to the ulnar side of the middle finger and the radial side 

of the ring finger [61]. The BA is widely recognized as being extremely common, with a prevalence of 60 - 100% [21, 

61, 66]. Some authors even suggested that it should be considered an anatomical constant, not variant, due to this [61, 

66]. 

Ferrari and Gilbert classified the course of the BA into 4 main groups, as can be seen in figure 5 [21]. In Group 1 the 

distance between the origin of the anastomosis and the distal end of the TCL was more than 4mm. The BA typically 

took an oblique course, running from the proximal Ulnar nerve branch to the distal Median nerve branch. In Group 2 

the distance before the origin of the BA and the distal end of the TCL was less than 4mm. Typically the BA branched 

off at the distal end of the TCL at a right angle, and ran parallel to the distal margin of the TCL. Group 3 BAs branched 

of below the distal margin of the TCL and traversed the palm at an acute angle to reach the second CDN at its distal 
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limit. Finally a BA belongs to Group 4 if it is atypical or plexiform. [21]. The incidence of each group is variable 

between studies, though Group 3 and Group 1 appear to be the most prevalent [21, 61, 66].   

The BA is clinically significant. Due to its common and under recognized existence it is at significant risk of iatrogenic 

harm. When injured it produces an “uncomfortable tingling sensation or hyperesthesia” in the area of altered 

distribution [61].  

Combinations of Anastomoses 

Yang et al. observed the most common combinations of variations. In 10% of limbs dissected they found the 

coexistence of a contribution from the lateral cord of the brachial plexus to the proximal Ulnar nerve, a Berrettini 

anastomosis, a Riche-Canneiu communication and ulnar innervation of the Superficial Head of the FPB [70].  

Kaplan Anastomosis 

The Kaplan Anastomosis (KA) is not an anastomosis between the Median and Ulnar nerve; it is formed by a connection 

between the Dorsal Branch of the Ulnar nerve and “any level of the Ulnar nerve (main) in the palm.” Classically it joins 

the ulnar sensory nerves in the palm and has been found in 2 – 4% of hands [63]. Though rare in the literature, it has 

been described by numerous authors as passing around the pisiform bone before joining with the Ulnar nerve, placing 

the connection at risk if there is any surgery or trauma to this region [10, 50, 52, 63]. The connection lies 

subcutaneously and usually does not pass through Guyon’s canal [63]. A recent case study by Paraskevas et al however 

did demonstrate the KA passing through Guyon’s canal, implying its course is very variable [52].  

Clinical Significance  

An understanding of possible anastomoses is important for correct evaluation of peripheral nerve lesions. For example, 

a complete lesion of the Median nerve at the forearm might be interpreted as a partial lesion of said nerve in the 

presence of a MGA [9]. As discussed above Sachs et al found 4 out of 102 Median nerve transections spared all 

intrinsic hand muscles, including the Abductor Pollicis Brevis [57]. This clinical scenario could partially be accounted 

for by some of the anastomoses discussed here [23]. Additionally, Sraj et al described a patient who presented with 

paraesthesia resembling CTS, however Tinel and Phalen’s tests were negative. The patient did have clear signs of Ulnar 

nerve compression at the elbow, demonstrating the transfer of “sensitive nerve fascicles of the Ulnar nerve to the 

Median nerve” [60]. Some authors have called for anastomosis to be “excluded electrophysiologically before any 

surgical intervention” in patients with focal neuropathy [9]. 

The physical position of these connections is also important knowledge. Due to their variable pathways, and under-

recognized existence many of these anatomic variations are prone to iatrogenic injury [62] 
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Conclusion 

Like most of human anatomy the Median and Ulnar nerves are rarely consistent. They both display unusual branching 

patterns and pathways, variable innervation and occasional anastomoses like many other anatomical structures. 

However these variations possess a unique clinical importance due to their possible effects on the hand, arguably one of 

the most important anatomical systems. If the reader has no knowledge of aberrant connections, innervation or possible 

anastomosis this complex system can never be correctly evaluated.  

 

 

Conflict of Interest:  

The authors declare that they have no conflict of interest. 

 

References: 

 

1. Afroze MKH, Aswinpraksh, Ramesh P, Vaithianathan G, Galaji TK, Judson JP (2014). Variation in Innervation 

of Lumbricals of Hands. IJIRD 3(5).  

2. Ajmani ML (1996). Variations in the motor nerve supply of the thenar and hypothenar muscles of the hand. J 

Anat 189 (Pt 1), 145 - 150.  

3. Al- Qattan MM (2010). Variations in the course of the thenar motor branch of the Median Nerve and their 

relationship to the hypertrophic muscle overlying the transverse carpal ligament. . J Hand Surg Am 35(11), 1820 

- 1824.  

4. Al-Qattan MM, Al-Zahrani KA, Al- Omawi M (2009). The Bifid Median Nerve Re-Visited. J Hand Surg Eur 

Vol 34(2), 212-214. doi: 10.1177/1753193408089572 

5. Balogh B, Valencak J, Vesely M, Flammer M, Gruber H, Piza-Katzer H (1999). The nerve of Henle: an anatomic 

and immunohistochemical study. J Hand Surg Am 24(5), 1103 - 1108.  

6. Bayrak IK, Bayrak AO, Kale M, Turker H, Diren B (2008). Bifid Median Nerve in patients with carpal tunnel 

syndrome. J Ultrasound Med 27(8), 1129 - 1136.  

7. Belson P, Smith LK, Puentes J (1976). Motor innervation of the flexor pollicis brevis. Am J Phys Med 55(3), 

122-138.  

8. Blair WF, Percival KJ, Morecraft R (1988). Distribution pattern of the deep branch of the Ulnar Nerve in the 

hypothenar eminence. Clin Orthop 229, 294 - 301.  

9. Bolukbasi O, Turgut M, Akyol A (1999). Ulnar to median nerve anastomosis in the palm (Riches-Cannieu 

anastomosis). Neurosurg Rev 22, 138 - 139.  

10. Bonnel F, Villa RM (1985). Anatomical study of the Ulnar Nerve in the hand. J Hand Surg 10, 165 - 168.  

11. Budak F, Gonenc Z (1999). Innervation anomalies in upper and lower extremities (an electrophysiological 

study). Electromyogr Clin Neurophysiol 39, 231 - 234.  

12. Caetano EB, Vieira LA, Caetano MF, Cavalheiro CS, Razuk M, Sabongi JJ (2016). Intramuscular Martin-Gruber 

Anastomosis. Acta Ortop Bras 24(2), 94-97. doi: 10.1590/1413-785220162402149097 

13. Cavalheiro CS, Filho MR, Pedro G, Caetano MF, Vieira LA, Caetano EB (2016). Clinical repercussions of 

Martin-Gruber anastomosis: anatomical study. Rev Bras Ortop 51(2), 214-223. doi: 10.1016/j.rboe.2016.02.003 

14. Chang L, Blair WF (1985). The origin and innervation of the adductor pollicis muscle. J Anat 140(3), 381 - 388.  

15. DaSilva MF, Moore DC, Weiss A-PC, Akelman E, Sikirica M (1996). Anatomy of the palmar cutaneous branch 

of the median nerve: clinical significance. J Hand Surg Am 21(4), 639 - 643.  

16. Day MH, Napier JR (1961). The two heads of flexor pollicis brevis. J Anat 95, 123 - 130.  

17. Demircay E, Civelek E, Cansever T, Kabatas S, Yilmaz C (2011). Anatomic variations fo the median nerver in 

the carpal tunnel: a brief review of the literature. Turk Neurosurg 21(3), 388 - 396.  

18. Don Griot JP, Zuidam JM, van Kooten EO, Prose LP, Hage JJ (2000). Anatomic study of the ramus 

communicans between the ulnar and median nerves. J Hand Surg Am 25(5), 948-954. doi: 

10.1053/jhsu.2000.16352 

19. Engber WD, Gmeiner JG (1980). Palmer cutaneous branch of the ulnar nerve. J Hand Surg 5, 26 - 29.  

20. Felippe MM, Telles FL, Soares ACL, Felippe M (2012). Anastomosis between Median nerve and Ulnar nerve 

in the forearm. J Morphol Sci. 29(1).  



 
 

Final manuscript after peer review  
 

21. Ferrari GP, Gilbert A (1991). Superficial Anastomosis on the palm of the hand between the ulnar and median 

nerves. J Hand Surg Br 16B(4), 511 - 514.  

22. Forrest WJ (1967). Motor innervation of human thenar and hypothenar muscles in 25 hands: a study combining 

electromyography and percutaneous nerve stimulation. Can J Surg 10(2), 196 - 199.  

23. Ganes T (1992). Complete ulnar innervation of the thenar muscles combined with normal sensory fibres in a 

subject with no peripheral nerve lesion. Electromyogr Clin Neurophysiol 32, 559 - 563.  

24. Gonzalez MH, Brown A, Goodman D, Black B (1996). The deep branch of the Ulnar nerve in Guyon's canal: 

branching and innervation of the hypothenar muscles. Orthop 19(1), 55 - 58.  

25. Gozke E, Gurer R, Gurbuzer N (2012). Riche-Cannieu anastomosis: a case report. J Med Cases 3(3), 195 - 196. 

doi: 10.4021/jmc576w 

26. Gruber W (1870). Ueber die Verbindung des Nervus medianus mit dem Nervus ulnaris am Unterame des 

Menschen um der Saugethiere. Arch Physiol 37, 502-522.  

27. Gupta S, Michelsen-Jost H (2012). Anatomy and function of the thenar muscles. Hand Clin 28(1), 1-7. doi: 

10.1016/j.hcl.2011.09.006 

28. Harness D, Sekeles E (1971). The double anastomotic innervation of thenar muscles. J Anat 109 (Pt 3), 461-

466.  

29. Henry BM, Zwinczewska H, Roy J, Vikse J, Ramakrishnan PK, Walocha JA, Tomaszewski KA (2015). The 

Prevalence of Anatomical Variations of the Median Nerve in the Carpal Tunnel: A Systematic Review and Meta-

Analysis. PLoS One 10(8), e0136477. doi: 10.1371/journal.pone.0136477 

30. Hur MS (2017). Variations of lumbrical muscle innervation patterns in the hand, focusing on the dual innervation 

of the third lumbrical muscle. Muscle Nerve 55(2), 160 - 165.  

31. Kaplan EB, Smith RJ. (1984). Kinesiology of the hand and wrist and muscular variations of the hand and 

forearm. In M. Spinner (Ed.), Kaplan’s functional and surgical anatomy of the hand. (3 ed., pp. 283 - 349). 

Philadelphia: J.B. Lippincott. 

32. Karl JW, Gancarczyk SM, Strauch RJ (2016). Complications of carpal tunnel release. Orthop Clin North Am. 

47(2), 425 - 433.  

33. Kaur N, Kullar JS, Singla RK (2016). Variations in nerve supply of lumbricals of hand in north indian population. 

IJCAP 3(4), 467 - 469.  

34. Kazakos KJ, Smyrnis A, Xarchas KC, Dimitrakopoulou A, Verettas DA (2005). Anastomosis between the 

median and Ulnar Nerve in the forearm. . Acta Ortop Belg. 71(1), 29 - 35.  

35. Kimura I, Ayyar DR, Lippmann SM (1983). Electrophysiological verification of the ulnar to median nerve 

communications in the hand and forearm. Tohoku J Exp Med 141(3), 269 - 274.  

36. Lanz U (1977). Anatomical variations of the Median nerve in the carpal tunnel. J Hand Surg 2(1), 44-53.  

37. Lauritzen RS, Szabo RM (1996). Innervation of the lumbricals muscles. J Hand Surg 21, 57-58.  

38. Lee KS, Oh CS, Chung IH, Sunwoo IN (2005). An anatomic study of the Martin-Gruber anastomosis: 

electrodiagnostic implications. Muscle Nerve 31(1), 95-97.  

39. Leversedge FJ (2008). Anatomy and pathomechanics of the thumb. Hand Clin 28(4), 681 - 684.  

40. Liss FE (2012). The interosseous muscles: the foundation of hand function. Hand Clin 28(1), 9-12. doi: 

10.1016/j.hcl.2011.09.005 

41. Littler JW (1949). Tendon transfers and arthrodesis in combined Median and Ulnar nerve paralysis. J Bone Joint 

Surg 31(2), 225 - 234.  

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

normal and anomalous innervation. Acta Orthop Scand 37(sup87), 3-176.  

43. Marinacci A (1964). The problem of unusual anomalous innervation of hand muscles: the value of 

electrodiagnosis in its evaluation. Bull LA Neurol Soc 29, 133-142.  

44. Martin CH, Seiler JG, S. LJ (1996). Cutaneous innervation of the palm: an anatomic study of the ulnar and 

median nerves. J of Hand Surgery 21(4), 634 - 638.  

45. Martin R. (1763). Tal om Nervus allmanna Egenskaper Maniskans Kropp. Stockholm: Las Salvius. 

46. Matloub HS, Yan J-G, Mink Van Der Molen AB, Zhang L-L, Sanger JR (1998). The detailed anatomy of the 

palmar cutaneous nerves and its clinical implications. J Hand Surg Eur Vol 23B(3), 373 - 379.  

47. McCabe SJ, Kleinert JM (1990). The nerve of Henle. J Hand Surg Am 15(5), 784 - 788.  

48. Meenakshi-Sundaram S, Sundar B, Arunkumar M (2003). Marinacci communication: an electrophysiological 

study. Clin Neurophysiol 114(12), 2334-2337.  

49. Moore KL, Dalley AF, Agur AMR (2014). Clinically Oriented Anatomy: International Edition (7 ed.). China: 

Wolters Kluwer/ Lippincott Williams & Wilkins. 

50. Murata K, Tamai M, Gupta A (2004). Anatomic study of variations of hypothenar muscles and arborization 

patterns of the ulnar nerve in the hand. J Hand Surg Am 29(3), 500-509. doi: 10.1016/j.jhsa.2004.01.006 

51. Palti R, Vigler M (2012). Anatomy and function of lumbrical muscles. Hand Clin 28(1), 13-17. doi: 

10.1016/j.hcl.2011.09.002 

52. Paraskevas G, Ch Gekas C, Tzaveas A, Spyridakis I, Stoltidou A, Tsitsopoulos P (2008). Kaplan anastomosis 

of the Ulnar Nerve: a case report. . J Med Case Rep 15(2), 107.  



 
 

Final manuscript after peer review  
 

53. Pasquella JA, Levine P (2012). Anatomy and function of the hypothenar muscles. Hand Clin 28(1), 19-25. doi: 

10.1016/j.hcl.2011.09.003 

54. Poisel S (1974). Ursprung und Verlauf des R. muscularis des Nervus digitalis palmaris communis I (N. 

medianus). Chir Praxis 18, 471-474.  

55. Rovers JM, Brekelmans GJ, Visser LH (2013). Piso-hamate hiatus syndrome in a patient with Riche-Cannieu 

anastomosis. BMJ Case Rep 2013. doi: 10.1136/bcr-2013-008601 

56. Rowntree T (1949). Anomalous innervation of the hand muscles. J Bone Joint Surg 31(4), 505 - 510.  

57. Sachs GM, Rayner EM, Shefner JM (1995). The all ulnar motor hand without forearm anastomosis. Muscle 

Nerve 18(3), 309 - 313.  

58. Shu HS, Chantelot C, Oberlin C, Alnot JY, Shao H (1999). Martin-Gruber communicating branch: anatomical 

and histological study. Surg Radiol Anat 21(2), 115-118.  

59. Sinnatamby CS (2011). Last's Anatomy (12 ed.). China: Churchill Livingstone Elsevier. 

60. Sraj SA, Moussallem CD, Stafford JB (2009). Cubital tunnel syndrome presenting with carpal tunnel symptoms: 

clinical evidence for sensory ulnar-to-Median Nerve communication. Am J Orthop 38(6), 104 - 106.  

61. Stancic M, Micovic V, Potocnjak M (1999). The anatomy of the Berrettini branch: implications for carpal tunnel 

release. J Neurosurg 91, 1027 - 1030.  

62. Stancic MF, Burgic N, Micovic V (2000). Marinacci communication: case report. J Neurosurg 92(5), 860-862.  

63. Sulaiman S, Soames R, Lamb C (2015). The sensory distribution in the dorsum of the hand: anatomical study 

with clinical implications. Surg Radiol Anat 37(7), 779-785. doi: 10.1007/s00276-014-1416-1 

64. Sulaiman S, Soames R, Lamb C (2015). Ulnar nerve cutaneous distribution in the palm: Application to surgery 

of the hand. Clin Anat 28(8), 1022-1028. doi: 10.1002/ca.22626 

65. Sunderland S, Ray LJ (1946). Metrical and non metrical features of the muscular branches of the Median Nerve. 

J Comp Neurol 85, 191-201.  

66. Tagil SM, Bozkurt MC, Ozcakar L, Ersoy M, Tekdemir I, Elhan A (2007). Superficial palmar communications 

between the ulnar and median nerves in Turkish cadavers. Clin Anat 20(7), 795-798. doi: 10.1002/ca.20517 

67. Uchida Y, Sugiok Y (1992). Electrodiagnosis of Martin-Gruber connection and its clinical importance in 

peripheral nerve surgery. J Hand Surg Am 17(1), 54-59.  

68. Uncini A, Lange DJ, Lovelace RE (1988). Anomalous intrinsic hand muscle innervation in median and ulnar 

nerve lesions: an electrophysiological study. Ital J Neurol Sci 9(5), 497-503.  

69. Wali A, Ahmed R, Khan S (2017). Electrophysiological evidence of the Riche- Cannieu anastomosis in the hand 

and its diagnostic implications; 2 case reports. Clin Neurophysiol 2, 8 - 11. doi: 10.1016/j.cnp.2016.11.001 

70. Yang H, Gil Y, Kim S, Bang J, Choi H, Lee HY (2016). From the brachial plexus to the hand, multiple 

connections between the median and ulnar nerves may serve as bypass routes for nerve fibres. J Hand Surg Eur 

Vol 41(6), 648-656. doi: 10.1177/1753193415622760 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Captions: 

 

Fig 1 Normal Anatomy of the Median and Ulnar nerves 



 
 

Final manuscript after peer review  
 

 
DorBUN – Dorsal branch of Ulnar nerve; DBUN – Deep Branch of Ulnar nerve; SSBUN – Superficial Sensory Branch 

of Ulnar Nerve; CDN – Common Digital Nerve; PDN – Proper Digital Nerve (Green – Ulnar &Yellow – Median); 

RMN – Recurrent median Nerve; PCBM – Palmar Cutaneous Branch of Median Nerve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 Median nerve Variations – Lanz Classification 
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The Lanz classification system concerns the branching of the main body of the Median nerve, and has 5 groups. It 

includes the previous Poisel classification system, which is concerned with the Recurrent Median nerve. Thus all Poisel 

classification groups either belong to Lanz Group 0 (Poisel extraligamentous) or Lanz Group 1 (Poisel Subligamentous, 

Transligamentous, Preligamentous and Supraligamentous). [29, 36, 54]  

 

 

Fig 3 Murata Classification of the Ulnar nerve 

 
 

Bonnel and Vila’s classified the Ulnar nerve into Type 1 (Bifurcation into SSBUN and DBUN) or Type 2 (Trifurcation 

into DBUN, 3rd CDN and 5th PDN). Types 3 – 5 were latter added by Murata et al. Type 3 demonstrate a different 

pattern of bifurcation with 5th PDN branching from DBUN. Type 4 demonstrate trifurcation plus an additional 

communicating superficial branch. In Type 5 there is trifurcation with the DorBUN branching off distally, from the 5th 

PDN.  [50]  

SSBUN – Superficial Sensory Branch of Ulnar nerve; DBUN – Deep Branch of Ulnar nerve; CDN – Common Digital 

Nerve; PDN – Proper Digital nerve; DorBUN - Dorsal Sensory Branch of the Ulnar nerve; 

Fig 4 Riche-Cannieu Anastomosis 



 
 

Final manuscript after peer review  
 

 
The Riche-Cannieu Anastomosis is a motor anastomosis between the RMN and the DBUN with a reported prevalence 

of 19 – 77%. [2, 28, 57, 70] 

RCA - Riche-Cannieu Anastomosis; DorBUN – Dorsal Sensory Branch of Ulnar Nerve; RMN – Recurrent Median 

nerve 

 

 

Fig 5 Variations of Berrettini Anastomosis  

 
 

The Berettini Anastomosis is a sensory anastomosis between the second and third palmar CDN i.e. between the Median 

and Ulnar nerve. It was classified by Ferrari and Gilbert into Groups 1 – 4, according to its branching pattern. [22, 62] 

CDN – Common Digital Nerve 

BA – Berrettini Anastomosis; CDN – Common Digital Nerve 
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Table 1 – Innervation of Thumb Muscles 

 

Muscle Function Potential Innervation 

Adductor Pollicis Adduction of the thumb metacarpal, with 

extension of the interphalangeal joint [27] 

 

 

Deep motor branch of the Ulnar Nerve (98%) 

[14, 27, 56] 

Median Nerve (2%) [27, 56] 

Dual innervation is possible though rare. [27, 

56]  

Abductor Pollicis 

Brevis 

Abduction and flexion of the thumb 

metacarpal. Additional extension at the 

interphalangeal joint. It is a significant 

contributing muscle to the action of 

opposition. [27, 41] 

 

 

Recurrent branch of the Median Nerve (95% - 

100%) [2, 27, 39, 56] 

Ulnar Nerve (2.5%) [27, 39, 56] 

Dual median and ulnar innervation (2.5%) [27, 

39, 56] 

 

 

Flexor Pollicis Brevis Its primary action is to flex the thumb at 

the MCPJ, along with extension of the 

distal phalanx and pronation of the 

metacarpal. [16, 27, 39] 

 

 

Superficial Head: 

Recurrent branch of the Median Nerve (14% - 

80%) [2, 7, 16] 

Ulnar Nerve (8% - 57%) [2, 7, 16] 

Dual median and ulnar innervation (23% - 

68%) [2, 7, 16, 22] 

 

Deep Head: 

Median Nerve (9.5% - 13%) [7, 16]  

Ulnar Nerve (52% - 88%) [7, 16] 

Dual innervation (21% - 24%) [7, 16] 

Opponens Pollicis Initiates the movement of opposition by 

flexing and pronating the thumb 

metacarpal. It acts in conjunction with the 

APB to enhance opposition. [27, 31, 39] 

 

Recurrent branch of the Median Nerve (80% - 

83%) [2, 22, 56] 

Ulnar Nerve (9%) [2, 56] 

Dual median and ulnar innervation (7.5% - 

20%) [2, 22, 56] 

 

 

 

 

 

 

 

 

 

Table 2: Lumbrical Innervation 
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Lumbrical 1 Innervated by the Median Nerve, via the Radial Digital Nerve to 

the index finger [1, 37, 65] 

Lumbrical 2 Innervated by the Median Nerve, via the CDN to the index and 

middle digits [37, 65] 

5% innervated by DBUN [1] 

Lumbrical 3 75% -100% innervated by the DBUN (via a single, separate 

branch) [37, 65] 

2 - 25% innervated by the Median Nerve [1, 30, 33, 51, 65] 

7% - 64% received dual innervation [1, 30] 

Lumbrical 4 Innervated by the DBUN (via a single , separate branch) [1, 37, 

65] 

 

 

 

 

 

Table 3: Hypothenar muscle Innervation 

 

Muscle Function Potential Innervation 

Abductor Digiti 

Minimi 

Primary function is small finger abduction, 

though it also contributes to 

metacarpophalangeal flexion and 

interphalangeal extension. [2]  

Usually the Ulnar Nerve [2, 24, 56] 

Very rarely innervated solely by the Median 

Nerve.* [56] 

Flexor Digiti 

Minimi 

Primary function is  metacarpophalangeal 

flexion with some contribution to 

abduction of the finger. [2]  

Ulnar Nerve (85% - 100%) [2, 24, 53] 

Dual innervation by Ulnar and Median Nerves 

(15%) [2] 

Opponens Digiti 

Minimi 

Flexes and opposes the fifth metacarpal.  

No action on the metacarpophalangeal 

joint. [2]  

Ulnar Nerve (88% - 100%) [2, 24, 53] 

Dual innervation by Ulnar and Median Nerves 

(12%) [2] 

 

* Rowntree reported one case of a fully innervated hypothenar eminence, observed in a patient with an elbow ulnar nerve lesion. [56] 

 


