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Abstract

Background: Accurate localization of posterior interosseus nerve (PIN) and its motor branches in the forearm is a subject
of major concern for orthopedic surgeons, neurosurgeons, and physiotherapist for the proper diagnosis and management of
different neuropathies. The aim of this work was to study the morphometry of the posterior interosseous nerve and its
motor branches to be correlated to its surgical significance.

Material & Method: Twenty forearms of formalin preserved specimens (12 right & 8 left) were dissected to study the
different morphometric parameters of PIN and its motor branches using a vernier caliper.

Results: The most proximal branch of PIN was supplying supinator in 20%, extensor carpi radialis longus in 20%, extensor
digitorum in 30%, and extensor carpi radialis brevis in 30% of cases. In 12 out of 20 specimens (60 %), the last motor
branch of PIN supplied the extensor indicis, and in 8 forearms (40%) this last motor branch was supplying extensor pollicis
longus. The mean distance from the most proximal part of ulnar head to the origin of the last motor branch of PIN was
8.4+2.75 cm. In one left forearm, an extensor carpi radialis accessorius muscle was found.

The clinical case in this study: was a patient presented 9 months after gunshot injury of the left arm with radial nerve palsy.
PIN neurotization using branches of median nerve was performed to re-innervate muscles of wrist and finger extension. The
branch of median nerve supplying flexor carpi radialis was transferred to PIN, and the branch of flexor digitorum
superficialis was transferred to nerve to extensor carpi radialis brevis.

Conclusion: The findings of the current study provide a topographic and morphometric mapping of PIN and its branches in
the forearm in relation to a proximal and a distal bony landmark, which is valuable during surgical procedures such as
neurotization and denervation.
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INTRODUCTION

Posterior interosseous nerve (PIN) is the deep branch of radial nerve. Its accurate localization in the forearm is a subject of major concern for orthopedic
surgeons, neurosurgeons, and physiotherapist for the proper diagnosis and management of different neuropathies (Jariwala et al., 2014; Kamineni et al., 2017).
Moreover, thorough anatomical knowledge and morphometry of PIN, its motor branches, and its relation to the supinator muscle is crucial in order to limit surgical
morbidity. There is risk of iatrogenic injury to PIN in standard surgical approaches to the proximal radius; it also could be compromised during internal fixation of
radial head fractures. These hazards could be eliminated by good orientation of its normal anatomy (Soni et al., 2013; Terra et al., 2016).

PIN could be compressed through its course in the forearm after originating from the radial nerve; this compression could happen in the radial tunnel either
deep to the proximal border of supinator muscle (i.e. arcade of Frohse) or its distal border (Dang and Rodner ,2009; Moradi et al., 2015). Topographic mapping
and predetermination of different morphometric measures for this nerve is needed for decompression procedures in cases of PIN syndrome, radial tunnel
syndrome, or supinator syndrome (Baumer et al., 2016; Saaiq and Siddiui, 2017).

In addition, electrodiagnostic testing after proper localization could be used to identify the location of nerve injury and exclude other disorders in cases of
neuropathy (Bevelaqua et al., 2012).

Morphometry of the different motor branches of PIN supplying the muscles on the back of the forearm is crucial in surgical procedures such as nerve
transfer, nerve graft, or neurotization. This is needed in cases of injury to the radial or PIN branches where grafting using branches of other forearm nerves is done
to restore wrist and fingers’ extension. PIN itself or one of its motor branches has been used for nerve grafting of injured ulnar and median nerves (Bertelli and
Ghizoni, 2010; Wang et al., 2017).

The aim of this work is to study the anatomy of PIN and its motor branches in the forearm to provide more specific guidance on their morphometric
measures needed for nerve transfer procedures.

MATERIALS AND METHODS

The anatomical part of the study: Twenty forearms of formalin preserved specimens (12 right & 8 left) were obtained from Anatomy Department, Faculty of
Medicine, Alexandria University. Ethical approval was obtained from the ethical committee.
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A skin incision was made along a line from the tip of the lateral epicondyle of the humerus to a point corresponding to the middle of the posterior aspect of
the wrist. Radial nerve was identified in front of the lateral epicondyle between brachialis and brachioradialis muscles; it was followed to the point of its division
into different branches. Extensor digitorum and extensor carpi radialis brevis were separated, to expose PIN passing deep to the arch of Frohse. Supinator was
carefully incised and the nerve was followed between the two heads of supinator till its exit from the distal border of the muscle. The motor branches of the nerve
to the different muscles of the back of forearm were identified. PIN was followed distally as far as the wrist joint. The different parameters which were measured
and reported are shown in the table presented in the results section.

The measures were recorded using non digital Vernier caliper, (fig.1).

A clinical case report:

A 30 years old male patient presented to the orthopedic department at Faculty of Medicine, Alexandria University, nine months after gunshot injury to his
left arm with radial nerve palsy. Clinical examination and electrophysiologic evaluation showed radial palsy with no signs of recovery. The decision was PIN
neurotization using branches of median nerve. A written consent was taken from the patient.

Statistical Analysis
Results were expressed as means + standard deviation (M+SD). Statistical analysis was performed using statistical package for social science (SPSS) version 19.0.

RESULTS

PIN was consistently identified in all the studied specimens as a branch from radial nerve in front of the lateral epicondyle (fig.2). It pierced the proximal
border of supinator muscle (the arcade of Frohse) to reach the back of the forearm between extensor carpi radialis brevis and extensor digitorum (fig.3). Before
piercing supinator, PIN gives off a branch supplying the deep surface of the superficial head of the muscle (fig.2). Within supinator, PIN gives off a branch to
extensor carpi ulnaris (fig.4), and a second branch to extensor digitorum (fig.3, 4). After emerging from supinator, PIN gives off a lateral branch supplying two
thumb muscles (abductor pollicis longus and extensor pollicis brevis), and a medial branch supplying extensor pollicis longus and extensor indicis (fig.5, 6).

The most proximal branch of PIN was supplying supinator in 20%, extensor carpi radialis longus in 20%, extensor digitorum in 30%, and extensor carpi radialis
brevis in 30% of cases.

In 12 out of 20 specimens (60 %), the last motor branch of PIN supplied extensor indicis, and in 8 forearms (40%) this last motor branch was supplying
extensor pollicis longus. The mean distance from the most proximal part of ulnar head to the origin of the last motor branch of PIN was 8.4+2.75 cm. The diameter
of PIN diminished at the lower part of the forearm, however it expands again as a ganglion like structure at the dorsal aspect of the wrist joint (fig.7).
The different parameters of PIN regarding its exact localization in the forearm and the topography of its motor branches are shown in the table.
In one left forearm, an extensor carpi radialis accessorius muscle was found; it had the same origin as extensor carpi radialis longus from the distal part of lateral
supra epicondylar ridge of humerus and the adjacent intermuscular septum. It then splits, with a short muscle belly and a long thin tendon, to be inserted with
abductor pollicis longus at the base of the first metacarpal (fig. 8).

Regarding the clinical case, follow up of the patient was done 3 months after neurotization; further follow up will be performed till complete recovery.

Table: Various parameters measured in relation to posterior interosseous nerve (PIN)

Parameters Range (cm) Mean + S.D. (cm)
*Length of forearm 22-29 24.51+2.29
The distance between lateral epicondyle of 1.9-6.5 4.28+1.62
humerus to the entry point of PIN into
supinator
The distance between lateral epicondyle of 6.5-10 8.14+1.15
humerus to the exit point of PIN from
supinator
Length of PIN underlying supinator muscle 2.4-5 3.86+0.94
The distance between lateral epicondyle of 0-7.6 2.58+3.03
humerus to the most proximal branch of PIN
The distance between the exit site of PIN 13.9-19.6 15.76x1.73

from the distal edge of the supinator to
styloid process of the ulna.

Diameter of PIN:

-at its origin from radial nerve 0.14-0.5 0.27+0.10

-at proximal border of supinator 0.16-0.5 0.3240.11

-at distal border of supinator 0.1-0.6 0.26+0.18

The distance from the most proximal part of 5.6-14 8.4+2.75

ulnar head to the origin of the last motor
branch of PIN

*Length of forearm from the most projecting point on the lateral epicondyle of humerus to the tip of styloid process of radius.
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Fig 1: A photograph of right forearm showing the distance between lateral epicondyle of humerus (LE) to the exit point of PIN (1) from supinator (SU). ED:
extensor digitorum.

Fig 2: A photograph of left forearm showing radial nerve (RN) divided into superficial branch (S) and deep branch (PIN) at the level of lateral epicondyle (LE).
Radial nerve gave a branch to extensor carpi radialis longus (EL) (A). PIN gave a branch supplying the deep surface of superficial head of supinator (SU) (7). BR:
brachioradialis, EB: extensor carpi radialis brevis, ED: extensor digitorum.

Fig 3: A photograph of right forearm showing PIN at its entry at the proximal border of supinator (SU), and its exit at its distal border. PIN was exposed between
extensor carpi radialis brevis (EB) and extensor digitorum (ED). It gave a branch to the proximal part of ED (1), and a branch to the deep surface of EB (*). EL:
extensor carpi radialis longus, (F): arcade of Fréhse.
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Fig 4: A photograph of right forearm showing PIN giving its most proximal branch supplying extensor carpi ulnaris (ECU) (1). EB: extensor carpi radialis brevis,
SU: supinator, ED: extensor digitorum.

Fig 5: A photograph of the right forearm of figure (3) after longitudinal splitting of supinator (SU) showing PIN giving branches to the following: extensor carpi
radialis brevis (EB) (*), extensor digitorum (ED) (white arrow); extensor pollicis longus (EPL) (black arrow); muscles of thumb (M) (arrow head). BR:
brachioradialis, EL: extensor carpi radialis longus.

Fig 6: A photograph of left forearm showing PIN giving a branch to extensor digitorum (ED) (*) while passing deep to supinator (SU). After exiting its distal
border, it gives a branch to muscles of thumb (M) (1), and then continues down the forearm (A ). BR: brachioradialis, EL: extensor carpi radialis longus.
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Fig 7: A photograph of right forearm showing PIN after exiting the distal border of supinator (SU). It gave 3 branches to muscles of the thumb (M) (1), and a
branch to extensor indicis (EI) (A ). PIN ends by forming a ganglion (G) at the dorsal aspect of the wrist joint. EB: extensor carpi radialis brevis, ED: extensor
digitorum.

Fig 8: A photograph of left forearm showing radial nerve (RN) divided into superficial branch (S) and deep branch (PIN) at the level of lateral epicondyle (LE).
Extensor carpi radialis accessorius muscle (A) splitting from extensor carpi radialis longus (EL). BR: brachioradialis, EB: extensor carpi radialis brevis.

DISCUSSION

In this study, we discuss the forearm anatomy pertinent to performing the nerve transfer to PIN or its branches to restore wrist and finger extension. In
addition, topography of the motor branches of PIN, regarding their site of origin and their location in relation to anatomical landmarks, is crucial for using these
motor branchesto reconstruct ulnar nerve and median nerve injured proximally. Unlike some of the previous studies on PIN, two bony anatomical landmarks were
used in the current study, the lateral epicondyle proximally and the ulnar head distally; these data are valuable for surgeons who work on the proximal forearm,
and also for hand surgeons who work on the distal forearm and wrist region.

The mean distance from the lateral epicondyle of humerus to the entry point into supinator and the exit point from it was 4.28+1.62 cm and 8.14+1.15cm
respectively. This was consistent with the results of Soni et al. (2013) who stated that these distances were 4 & 8 cm respectively.

Schimizzi et al. (2009) reported that PIN is safe when surgically dissecting up the distance of about 4 cm from lateral epicondyle of the humerus.

In the present study it was found that the overall length of PIN underlying the supinator muscle was 3.86+0.94 cm which was in agreement with the results of
Ebraheim et al. (2000).

The mean diameter of PIN proximal to the supinator muscle was 0.32+0.11cm. However, Tubbs et al. (2006) reported a mean diameter of 0.4 cm at this
location.

In the present study, the mean distance between the lateral epicondyle of humerus to the most proximal branch of PIN was 2.58+3.03 cm. In 30 % of cases,
this most proximal branch was supplying extensor digitorum. Witt and Kamineni (1998) stated that in posterolateral approach to the elbow, the first nerves at risk
are branches to extensor carpi ulnaris, and then to extensor digitorum communis located at a mean distance of 8.6 £ 1.0 cm from the lateral epicondyle of the
humerus.

The last motor branch of PIN in the present study was that of extensor indicis in 60% of the dissected forearms, and of extensor pollicis longus in 40%.
Jariwala et al. (2014) reported that the last motor branch of PIN was that of extensor indicis in the majority of the dissected forearms (70%), and in about one third
of the specimens, this last motor branch supplied extensor pollicis longus. However, Elgafy et al. (2000) stated that the last motor branch was to extensor pollicis
longus rather than the extensor indicis. They also reported that PIN terminated as a single branch at the dorsum of the wrist, which was consistent with the findings
of the present study.On the other hand, Waters and Schwartz (1993) reported that in about 30 % of the specimens, PIN had two or more terminal branches into the
dorsum of the wrist. They also reported that the range of the obtainable length of PIN for nerve grafting was 5 to 10 cm, based on the distance between the ulnar
head and the last motor branch.

In the present study, the mean distance from the most proximal part of ulnar head to the origin of the last motor branch of PIN was 8.4+2.75 cm; this could
be considered during PIN grafting operations. The lower end of ulna, in the current study, was considered as a reference point for the location of site of origin of



107
Citation: Nehal Mohamed Nabil, et al., Morphometric study of posterior interosseous nerve and its surgical importance in neurotization, Australian Journal of
Basic and Applied Sciences12(11): 102-108.DOI: 10.22587/ajbas.2018.12.11.20

the last motor branch of PIN. This distal bony landmark is important for hand surgeons during wrist surgeries and denervation procedures, where other commonly
used proximal anatomical landmarks, as the lateral epicondyle of the humerus, are less desirable as they are out of the surgical field.

Also, the enlargement of the terminal branch of PIN at the dorsum of the wrist could be helpful to locate this nerve in denervation or nerve graft procedures
in cases where PIN was difficult to be identified proximally due to surgical scars or deformities.

In the clinical case of the present study, neurotization was done to restore finger and wrist extension. The branch of median nerve supplying flexor carpi
radialis was transferred to PIN and the branch of flexor digitorum superficialis was transferred to nerve of extensor carpi radialis brevis (fig. 9 a & b). Pet et al.
(2016) stated that nerve transfer to restore wrist and finger extensors is performed often from the median nerve branches; it has many advantages when compared
to other procedures as nerve repair or grafting and tendon transfer.

On the other hand, Wang et al. (2017) had studied the feasibility of reconstruction of the deep branch of ulnar nerve and the thenar branch of median nerve
by transferring the extensor indicis branch of PIN in simulation models of adult cadavers. They reported that the extensor indicis branch of PIN had approximately
similar diameter and microstructure to those of the above mentioned nerves; accordingly it could be used in neurotization to restore the motor function of the hand.
The functional loss is expected to be minimal as extensor digitorum muscle can compensate for extensor indicis function.

In a previous case report of lower brachial plexus injury C7, 8, T1 presented by Bertelli and Ghizoni (2010), finger and thumb extension were restored by
transferring the motor branches of supinator to PIN.

An anatomical variant was detected during dissection of the forearms in the present study; extensor carpi radialis accessorius muscle was found in one left
forearm; it shared the same origin with extensor carpi radialis longus; it then splits, to be inserted with abductor pollicis longus at the base of the first metacarpal.
Michael and Matthew (2005) reported that this accessorius muscle when present, it may be inserted either with abductor pollicis longus or with abductor pollicis
brevis.

A large number of different accessory muscles have been described in the anatomical, surgical and radiological studies. An extra head of extensor carpi
radialis longus muscle or an accessorius muscle was reported in previous studies (Smith et al. 2015; West et al., 2017). Vessal and Rai (2006) stated that the
majority of them are asymptomatic; however, some may present as palpable masses, or may cause neuropathies. These masses may not be detected by imaging.
The differential diagnosis of an accessory muscle or accessory heads should be considered in such cases. Moreover, the presence of such extra heads or accessory
muscles has its clinical importance also in tendon transfer operations.

Fig. 9 a: Intra-operative view exposing the following dissected nerves: posterior interosseous nerve (PIN), nerve to supinator, nerve to extensor carpi radialis
brevis (EB) and superficial branch of radial nerve in proximal forearm.
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Fig. 9 b: Intra-operative view of the previous patient showing: branch of median nerve supplying flexor carpi radialis (FCR) was transferred to PIN, and nerve to
flexor digitorum superficialis (FDS) was transferred to nerve to extensor carpi radialis brevis (EB) in order to re-innervate muscles of wrist and finger extension.

CONCLUSION
The current study provides a topographic mapping of PIN and its branches in the forearm which is needed during surgical procedures as neurotization and
denervation. Being a cadaveric study, it has a limitation to infer definite measurements for PIN in the clinical setting; however, it provides values which are at best
approximate. Further studies are recommended to correlate these morphometric measures with different nerve graft operations, and also to be correlated with

electrodiagnostic studies used to anatomically localize nerve injuries.
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