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TOPOGRAPHY OF ULNAR NERVE AND ITS VARIATIONS
WITH SPECIAL RESPECT TO CARPAL REGION

Abstract: Ulnar nerve supplies small muscles of the hand and apart from the median nerve is the
main coordinator of precise movements performed both in the medical and dental practice. Based
on their anatomical and clinical experience, authors revised a knowledge on this nerve with special
respect to its topography, variation in the wrist.
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INTRODUCTION

Ulnar nerve begins in the axillary fossa as a main branch of the medial cord of
infraclavicular part of brachial plexus (C8-T1). It runs medial to axillary artery and
lateral to the vein and exits to the arm into the medial bicipital sulcus. It gradu-
ally leaves a companionship of brachial artery running toward the back, pierces
the medial intermuscular septum in its middle part and next goes obliquely
from above and front to the bottom and back. In 70-80% of cases ulnar nerve
courses in its location through a canal, composed of thin fibrous and muscular
band, which extends between the medial head of triceps brachii and the medial
intermuscular septum (arcade of Struthers) [1]. The nerve leaves the canal and
gives off the branches to elbow joint and next runs rather superficial beneath the
skin, fascia and retinaculum (epicondylo-olecranon ligament, Osborne band) [1],
in the groove for ulnar nerve, over the medial humeral epicondyle. Next it tra-
verses the forearm, going between the ulnar and humeral heads of flexor carpi
ulnaris muscle, supplying them.

It courses next between flexor carpi ulnaris and flexor digitorum profundus,
medial to the ulnar vessels, giving off branches to part of the flexor digitorum
profundus which controls IV and V fingers. In the mid-forearm ulnar nerve gives
rise to vascular branch to the ulnar artery (nerve of Henle). In the distal forearm
it gives rise to ramus dorsalis manus, which winds around the body of ulna and
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runs beneath the tendon of flexor carpi ulnaris. The ramus dorsalis manus gets
to the dorsal surface of distal forearm and divides into medial, intermediate, and
lateral branches, which subsequently divide distally into dorsal digital nerves.
Continuation of the main trunk of the ulnar nerve, known as ramus palmaris
manus, runs lateral and posterior to the tendon of flexor carpi ulnaris and me-
dial to the ulnar vessels. It enters between the carpal volar ligament and flexor
retinaculum, where it can give rise to a palmar cutaneous branch. Ramus pal-
maris manus is usually divided within its course through the Guyon’s canal [2]
— into superficial and deep branches — Fig 1.
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Fig. 1. Canal of Guyon.

Superficial branch runs beneath the roof of the canal giving off a branch to
palmaris brevis muscle and commonly a connecting branch to a median nerve.
Next it runs medial, lateral or anterior to hook of hamate [3]. And divides into
palmar common digital nerve of anular finger. The deep branch runs medial and
posterior entering the piso-hamate hiatus, and giving off branches to hypothenar.
Next it courses between the superficial and the deep layers of opponens digiti
minimi muscle and winds over the hook of hamate, running next laterally. It runs
along the palmar aspect of metacarpal and palmar interossei giving off branch-
es to palmar and dorsal interossei and lumbricals III and IV, also vascular and
articular rami. In the end it reaches thenar muscles: adductor pollicis and deep
head of flexor pollicis brevis.
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VARIATION

Numerous authors describe different variations of origin of ulnar nerve from the

brachial plexus: it can originate from the median nerve or it can be a direct con-

tinuation of T1. It may also arise from two roots: the main arising from the lat-

eral or medial root of the median nerve, from anterior division of middle trunk

of the brachial plexus or from radial nerve. During its course in the arm ulnar

nerve can anastomose with the median nerve, and run posterior to the brachial

artery. In the forearm it may join the median nerve with a branch which runs be-

hind the flexor digitorum superficialis muscle. Ramus dorsalis manus can anas-

tomose in the forearm with the medial cutaneous nerve of forearm in its distal

portion and on the dorsal aspect of the hand with the lateral cutaneous nerve of

forearm or/and with the superficial radial nerve. There are numerous variations

described in the palm of the hand:

e Deep branch can unite with medial dorsal digital nerve of the V-th finger

e Perforating rami of deep branch of ulnar nerve with posterior interosseous
nerve

e Terminal portion of deep branch with motor branch to flexor pollicis brevis

e There is a permanent connection between superficial branch of ulnar nerve
with palmar common digital nerve of III and IV digits (Berettini branch)

[1, 4-8].

It was Kaplan [8] who described in 1963 for the first time connection between
the medial proper palmar digital nerve of V-th finger with ramus dorsalis manus.
Medial proper palmar digital nerve of V-th finger originated from ramus dorsalis
manus and ran medial to pisiform, did not entering the Guyon’s canal. It anas-
tomosed with superficial branch of ulnar nerve and next separately reached the
ulnar margin of the V-th finger (Fig. 2).

Bozkurt et al. [9] described medial proper palmar digital nerve of V-th fin-
ger and a branch of ramus dorsalis manus. In the metacarpus it anastomosed
with branches from superficial branch of ulnar nerve to supply palmaris brevis
muscle. In the same case superficial branch of ulnar nerve divided into later-
al proper palmar digital nerve of little finger and medial proper palmar digital
nerve of anular finger. A small branch ran from the radial side of superficial
branch of ulnar beneath origin of flexor digiti minimi brevis and tendon of op-
ponens digiti minimi and united again with the superficial branch of ulnar nerve
— Fig. 3.

Windisch (2005) [10] described also medial proper palmar digital nerve of V-th
finger as a branch of the ramus dorsalis manus. It traversed the palmar aspect
of the hand at the level of metacarpophalangeal joint, giving off the branches to
dorsal aspect of the ulnar margin of little finger. Similar variation was described
by Mc Carthy et al. [11] and Konig et al. [12]. Following Hoogbergen and Kauer’s
report (1992) [13] analogous branch united with deep branch of ulnar nerve.
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Fig. 2. Course of the medial proper palmar digital nerve of the V-th finger (after Kaplan et al).
1 — ulnar nerve; 2 — ramus dorsalis manus; 3 — medial proper palmar digital nerve of the V-th finger;
4 — superficial branch of the ulnar nerve
Fig. 3. Course of the medial proper palmar digital nerve of the V-th finger (after Bozkurt et al).

Hankins et al. (2005) [14] described similar case and divided this variation into

six different types depending on the course and termination:

e In type I a branch which starts from ramus dorsalis manus, reaches the ul-
nar nerve within Guyon’s canal, proximal from its subdivision into superficial
and deep branches — Fig. 4
5 — deep branch of ulnar nerve
6 — described first type of branching pattern

e In type II an analogous branch reaches the superficial branch — Fig. 5
6 — described type of branching pattern

e In type Il described branch reaches the deep branch — Fig. 6
6 — described third type of branching pattern

e In type IV the branch ends in the medial proper palmar digital nerve of the
V-th finger at the level of the mid-height of the hypothenar (Fig. 7)

6 — described fourth type of the branching pattern

e In the fifth type the branch goes to the medial proper palmar digital nerve of
the V-th finger at the level of proximal interphalangeal joint
6 — described fifth type of branching pattern
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Fig. 4. Course of the medial proper palmar digital nerve of the V-th finger (after Hankins et al.).
Fig. 5. Course of the medial proper palmar digital nerve of the V-th finger (after Hankins et al).

7

Fig. 6. Course of the medial proper palmar digital nerve of the V-th finger (after Hankins et al).
Fig. 7. Course of the medial proper palmar digital nerve of the V-th finger (after Hankins et al).



50

e In the sixth type the branch goes to radial side of the palmar aspect of the
little finger. In this case the termination of this branch has been precisely es-
tablished (Fig. 9)

6 — described sixth type of branching pattern

8 9

Fig. 8. Course of the medial proper palmar digital nerve of the V-th finger (after Hankins et al.).
Fig. 9. Course of the medial proper palmar digital nerve of the V-th finger (after Hankins et al.).

Bozkurt et al. [15] in 2004 presented a case of an additional branch of ulnar
nerve, which originated from the main trunk about 13 cm proximally from the
pisiform bone, which ran together with ulnar artery through the Guyon’s canal,
and reached the radial aspect of the anular finger. During its course it united with
palmar common digital nerve of little and anular fingers in the fourth interosse-
ous space. It received also two additonal branches from palmar common digital
nerve of the anular and middle fingers within the third interosseous space: first
branch at the level of distal border of flexor retinaculum and the second at the
level of the proximal metacarpophalangeal joint of the anular finger — Fig. 10.

Martin et al. [16] in 1995 observed variability of ulnar nerve regarded to cu-
taneous supply of the hand and distinguished three main groups of branching
pattern:

e first was a classical cutaneous branch of the ulnar nerve. It originated from
the main trunk in the distal forearm, running superficial to the transverse

carpal ligament and the palmaris brevis muscle — Fig. 11.
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Fig. 10. Additional branch of ulnar nerve (after Bozkurt et al).

1 — ulnar nerve; 2 — superficial branch of ulnar nerve; 3 — deep branch of ulnar nerve; 4 — palmar common digital
nerve of IV and V fingers; 5 — palmar common digital nerve of IIl and IV fingers 6 — described additional branch
Fig. 11. “Classic” palmar cutaneous branch (after Martin et al).

1 — ulnar nerve; 2 — palmar cutaneous branch

10

e second group was established by branches of nerve of Henle which enables
autonomic innervation of the ulnar artery, but innervates the skin of the fore-
arm and hand, too (Fig. 12).

e third group was made by cutaneous nerves which originated from the ul-
nar nerve distal from the proximal carpal crease, within Guyon’s canal, most
frequently running at right angle with respect to axis of the ulnar nerve
(Fig. 13).

Lindsey et al. [17] in 1995 presented two division patterns of ulnar nerve

within Guyon’s canal, and classified them as group A or B.

e In group A (25 out of 31 wrists studied) ulnar nerve was “classically” subdi-
vided into superficial and deep branches. In 20 of cases the subdivision oc-
cured within Guyon’s canal, about 8.6 mm distal from the proximal end of
pisiform. In 5 remaining cases bifurcation was located proximal to the wrist,
about 12,6 mm proximal from the proximal end of the pisiform (Fig. 14).

e In group B (6 out of 31 wrists) ulnar nerve was divided into three branches:
deep, proper palmar digital nerve of the little finger and common digital nerve
of the little and anular digits. In all cases the subdivision occured within
Guyon’s canal, about 10 mm distal from the proximal end of pisiform (Fig. 15).
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Fig. 12. Branching pattern from nerve of Henle (after Martin et al).
1 — ulnar nerve; 2 — ulnar artery; 3 — nerve of Henle
Fig. 13. Branching pattern of cutaneous branches originating within the Guyon’s canal
(after Martin et al.).
1 — ulnar nerve; 2 — cutaneous branches
14

Fig. 14. “Classic” subdivision of the ulnar nerve within Guyon’s canal (after Lindsey et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve
Fig. 15. Subdivision of ulnar nerve within Guyon’s canal into three branches (after Lindsey et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — medial proper palmar digital nerve of the little finger;
4 — palmar common digital nerve of the little and anular digits
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In the study given above authors noticed also different patterns of hypothe-
nar muscles innervation.

— In type 1 — single branch originated from the deep branch of ulnar nerve (10
out of 31 wrists studied), proximal to or at the border with abductor digiti
minimi muscle, reaching the opponens and flexor digiti minimi brevis (Fig. 16).

— In type 2 (14 out of 31 wrists) two branches ran to hypothenar, and first of
them used to bifurcate into next two (Fig. 17)

17

Fig. 16. First type of hypothenar muscles innervation (after Lindsey et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — branch
to hypothenar muscles — described above
Fig. 17. Branching pattern of second type of hypothenar innervation (after Lindsey et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — branch
to hypothenar

16

— In type 3 (7 out of 31 wrists) three or more branches ran to hypothenar. In
general about 73% of branches originated within Guyon’s canal, 25% distal
from canal and only one branch proximally (Fig. 18).

Murata et al. (18) in 2004 distinguished 5 main patterns of subdivision of ul-
nar nerve within the Guyon’s canal:

— In type 1 (27 out of 35 wrists studied) ulnar nerve was subdivided into two
branches: superficial and deep, distal to the distal end of pisiform. Superficial
branch divided into proper palmar digital nerve of little finger and IV palmar
common digital nerve. In one case they found a connecting branch between
cutaneous branches (Fig. 19).
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Fig. 18. Third type of hypothenar branching pattern (after Lindsey et al).

1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — branches to hypothenar

Fig. 19. Branching pattern of type 1 of subdivision of ulnar nerve within Guyon’'s canal

(after Murata et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve

In type 2 (3 out of 35 wrists studied) ulnar nerve was subdivided distal from
the distal end of pisiform into three branches — deep branch, proper palmar
digital nerve of V-th digit, [V palmar common digital nerve (Fig. 20).

In type 3 (3 out of 35 wrists studied) ulnar nerve divided distal from a distal
end of pisiform into two trunks: ulnar and radial. Radial trunk was continuous
with palmar common digital nerve of IV-th digit; ulnar trunk divided into deep
branch of ulnar and proper palmar digital nerve of V-th digit, which pierced
abductor digiti minimi. In one case a connecting branch between cutaneous
branches was found (Fig. 21).

In type 4 (1 out of 35 wrists studied) one could see subdivision into three
branches, similar to type 2, but proximal from subdivision, an additional
branch was arising. It pierced abductor digiti minimi and reached proper
palmar digital nerve of V-th digit. In this type a branch which united two cu-
taneous branches was also observed (Fig. 22).

In type 5 (1 out of 35 wrists studied) main trunk was subdivided into three
branches, similar to type 2. However a certain junction which ran through
a belly of abductor digiti minimi was observed. It ran between ramus dor-
salis manus and medial proper palmar digital nerve of the little finger
(Fig. 23).
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Fig. 20. Type 2 of branching pattern of subdivision of ulnar nerve in Guyon’s canal (after Murata et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — palmar common
digital nerve of IV and V-th digits
Fig. 21. Type 3 of branching pattern of subdivision of ulnar nerve in Guyon’s canal.

1 — ulnar nerve; 2 — radial trunk; 3 — ulnar trunk; 4 — deep branch of ulnar nerve

22

Fig. 22. Type 4 of branching pattern of ulnar nerve in Guyon’s canal (after Murata et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — proper palmar digital nerve of the V-th digit;
4 — palmar common digital nerve of IV and V-th digits; 5 — additional branch — described above
Fig. 23. Type 5 of branching pattern of ulnar nerve in Guyon’s canal (after Murata et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — medial proper palmar digital nerve of V-th digit; 4 — common palmar
digital nerve of the IV and V-th digits; 5 — ramus dorsalis manus; 6 — additional connecting branch — described above
These authors distinguished also four patterns of hypothenar innervation.
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— In type 1 (16 out of 35 wrists) motor branch to hypothenar was arising from
deep branch of ulnar nerve distal to the piso-hamate hiatus (Fig. 24).

— In type 2 (1 out of 35 wrists studied) main motor branch to hypothenar arose
from deep branch of ulnar nerve, proximal from the hiatus, within Guyon’s
canal. Additional branch begun distal from hiatus (Fig. 25).

24 25

Fig. 24. Type 1 of branching pattern of ulnar nerve to hypothenar muscles (after Murata et al).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve;
4 — branch to hypothenar muscles

Fig. 25. Type 2 of branching pattern of hypothenar innervation (after Murata et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — branches to hypothenar

— In type 3 (8 out of 35 wrists studied) motor branch to hypothenar originated
within Guyon’s canal at the level of its subdivision into deep and superficial
branches (Fig. 26).

— In type 4 (10 out of 35 wrists studied) motor branch to hypothenar originat-
ed from a trunk of ulnar nerve in Guyon’s canal, proximal to subdivision of
ulnar nerve. In 4 cases an additional branch existed. It originated distal from
hiatus (Fig. 27).

The distribution of branches to hypothenar muscles was as follows:

1 branch in 8 hands; 2 — in 17 hands; 3 in 9 hands; 4 in 1 hand. The au-
thors observed also a phenomenon of innervation of few bellies by a single branch
and one belly by few branches. In 22 of cases a branch which connected median
and ulnar nerves was found.
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Fig. 26. Type 3 of branching pattern of hypothenar innervation (after Murata et al).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — branch to hypothenar
Fig. 27. Type 4 of branching pattern of innervation of hypothenar muscles (after Murata et al.).
1 — ulnar nerve; 2 — deep branch of ulnar nerve; 3 — superficial branch of ulnar nerve; 4 — branch
to hypothenar

CONCLUSION

Ulnar nerve in its termination point at the wrist show various combinations of
its subdivision with special respect to the region of Guyon’s canal and branching
pattern to hypothenar muscles.
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