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Background: The aim of this study is to investigate the location of nerves that 
innervate the flexor digitorum profundus (FDP), the flexor pollicis longus (FPL) and 
the pronator quadratus muscles. It also investigates the change in nerve location 
with hand movement.
Materials and methods: We studied 30 adult cadavers (17 males and 13 females) 
with a mean age of 69.5 years (range: 60–95 years). The reference line was from 
the humeral epicondylar line to the styloid process line of both the radius and 
ulnar bones. This study measured the anterior interosseous nerve (AIN) branch 
outpoint and the innervated muscle nerve entry point to the muscle belly. It also 
examines nerve position changes as related to making a fist.
Results: The reference line mean distance was 24.1 ± 1.2 cm. The median nerve 
branched into the AIN at 18.0 ± 4.0%. We found the most densely distributed 
section of the nerves’ entry point to the muscle belly to be at a distance of 30% to 
40% for the FDP and from 30% to 40% for the FPL. Except for the FPL, the nerve 
branch outpoints and the FDP moved by 3.0%, depending upon hand movements.
Conclusions: The results of this study show that it will be necessary to consider 
the anatomy of the nerve location as it enters the muscle belly as well as how it 
changes with movement. (Folia Morphol 2022; 81, 3: 574–578)

Key words: anterior interosseous nerve, flexor digitorum profundus, 
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IntroductIon
The anterior interosseous nerve (AIN) is a branch 

of the median nerve that supplies the deep muscle 
of the anterior forearm compartment. AIN syn-
drome, not common, was first described in 1952 [7].  
AIN syndrome usually causes motor weakness of 
the thumb and index finger pincer movements 
and sometimes is accompanied by wrist pain. 
However, abnormalities resulting AIN syndrome 

sensation can vary, depending upon the situation  
[10, 14].

The treatment options for AIN syndrome can be 
either surgical or nonsurgical, but we usually consider 
the surgical option if nonsurgical options have not 
previously been done within 4 to 6 months [8]. The 
anatomical aspect, even if there is an abnormality 
in the muscles and pain innervated by AIN, the ob-
servation range should be kept in mind for a wide 
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region from the brachial plexus to the forearm. This 
above reason will seriously think about the possible 
entrapment spot, and will apply specifically for the 
conservative nonsurgical treatment. When treating 
with conservative treatment, the faster the treatment 
period will be more effective. An earlier report shows 
that manual reduction of an AIN injury is effective in 
bringing about recovery [9]. However, a more useful 
therapeutic approach is possible after understanding 
how muscle movements can affect the anatomical 
location of both the nerves and muscles.

Nerve transfer has become a vital method in the 
reconstruction of hand function, especially in the 
reconstruction of the intrinsic muscles of the hand 
following injury to the ulnar or median nerve. The 
AIN is a common donor site for the ulnar nerve or 
the branch of the median nerve, resulting in a good 
clinical outcome [4–6]. 

The aim of this study is to investigate the loca-
tion of nerves that innervate the flexor digitorum 
profundus (FDF), the flexor pollicis longus (FPL) and 
the pronator quadratus muscles. It also investigates 
how movement changes nerve location.

MAterIAls And Methods
We studied 30 unembalmed adult cadavers (17 

males and 13 females) with a mean age of 69.5 years 
(range: 60–95 years). The specimens chosen had no 
history of forearm fracture or arm surgery.

For the measurements, on the anterior view, we 
identified the most prominent point of the medial 
epicondyle of the humerus (MEH), and of the lateral 
epicondyle of the humerus (LEH) before doing the 
dissection. On the distal view, we also identified 
the most distal point of the styloid process of the 
radius (SPR) and of the ulna (SPU). A line connect-
ing the midpoints of the MEH and the LEH, as well 
as the midpoint of the SPR and the SPU, was used 
as a starting point reference line from proximal to 
distal (Fig. 1).

All experiments were conducted in the anatomy 
laboratory of the medical school. With the body in 
a supine position, we first dissected the skin and 
fat tissue to expose the pronator teres muscle. We 
attempted to locate the median nerve and carefully 
traced it distally to find the AIN. After finding the 
AIN, we carefully dissected it to examine the nerve 
branches around it in detail. In addition, in order 
to examine the AIN, the insertion site of pronator 
teres was cut and observed. We investigated the 

target muscle type, the AIN nerve branch number 
that innervated each muscle, and the morphological 
location of nerves entering the muscle belly (Fig. 2). 
The measuring variables are as follow:

 — the reference line length;
 — the location of the point where the AIN divides 
from the median nerve;

 — the location of the branch nerve outpoints that 
innervate the FPL and the FDF;

 — the crossing point of the AIN with the superior 
border of pronator quadratus.
Additionally, to examine how movement changes 

nerve position, we performed the following steps on 
three unembalmed cadavers (Fig. 3).
1. After dissection, we measured the nerve entry 

point to the FPL and FDP when the palm was open;
2. After dissection, we measured the median branch 

outpoint to the AIN;

Figure 1. Illustration showing the reference line; LEH — lateral 
epicondyle of humerus; MEH — medial epicondyle of humerus; 
SPR — styloid process of radius; SPU — styloid process of ulna; 
red arrow — measuring direction. 
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3. The measured points were marked with a thumb-
tack;

4. With the closed hand fist position, we measured 
the median branch outpoint to the AIN;

5. After opening the fist, we measured the degree 
of change in the nerve position.
A single observer took all measurements with  

a measuring tape and digital callipers (resolution  
0.01 mm, CD-20PSX, Mitutoyo, Japan). Data was 
analysed using SPSS software version 23.0 (IBM SPSS 
Inc., Chicago, IL, USA). Comparisons between male 
and female cadavers were performed using the t-test. 
P values of less than 0.05 were considered statistically 
significant. The present study was conducted in ac-
cordance with the Declaration of Helsinki

results
The mean distance of the reference line was  

24.1 ± 1.2 cm. The median branched into the AIN at 
18 ± 4.0%. No significant distant differences were 

found in the reference line between males and females 
or between the right and left forearm (p ≥ 0.05).

We investigated the nerve entry points to the mus-
cle belly in this study. For the FPL, the number of nerve 
entry points ranged from 2 to 5, and the distribution 
ratio was 31.0%, 37.9%, 24.1% and 7.0%. This study 
had 10 sections, based on reference length, and it 
examined which sections were densely distributed. 
After checking the raw data, we found the most 
densely distributed section was distance from 40% 
to 50% and distance from 30% to 60% sections was 
distributed about 94.8% (Table 1).

For the FDP, the number of nerve points ranged 
from 2 to 5, and the distribution ratio was 25.0%, 
46.4%, 21.4% and 7.2%. Additionally, this study 
was divided into 10 sections, based on the reference 
length, and it examined which sections were densely 
distributed. After checking the raw data, we found 
the most densely distributed sections had a distance 
of 30% to 40% (Table 2).

The branch outpoint from the median nerve in 
the open palm position was 26.8 ± 1.9%. Howev-

Figure 2. Photographs of the dissected forearm of fixed specimen; 
PQ — pronator quadrates; FPL — flexor pollicis longus; FDP — 
flexor digitorum profundus; AIN — anterior interosseous nerve; 
SUP — superior; LAT — lateral; arrow — nerve entering point to 
the muscle belly. 

Figure 3. Photographs of the dissected forearm of unembalmed 
specimen; FDP — flexor digitorum profundus; SUP — superior; 
LAT — lateral; arrow — nerve entering point to the muscle belly.
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then branches out to the AIN at 4.4 ± 1.1 cm from 
the reference line. Previous studies have reported 
that the AIN branches out between 2.3 and 8.0 cm in 
Sunderland [11], 5.4 cm in Tubbs et al. [13], 8.0 cm in 
Benzel [1], 4.5 cm in Vincelet et al. [15] and 5.2 cm in 
Caetano et al. [3]. A number of cases reported about 
5.0 cm regardless of population. The branch outpoint 
will become reference material for the treatment of 
AIN syndrome.

The integrated trigger point hypothesis postulates 
that motor endplates release excessive acetylcholine 
in myofascial pain, which is evidenced histopatholog-
ically by the presence of sarcomere shortening [2].  
Target muscle and nerve production of abnormal 
acetylcholine is appropriately stimulated. At this time, 
the effect can be expected by treatment the nerve 
entered point of muscle belly. The recommended site 

Table 1. The mean value of the distributed frequency of nerve 
entry points to the flexor pollicis longus muscle belly

Structures Mean ± SD  
[cm]

Distributed frequency 
(%)

Section 3 (20–30%) 26.0 ± 0.2 1.4

Section 4 (30–40%) 36.2 ± 2.2 25.2

Section 5 (40–50%) 45.2 ± 3.5 58.8

Section 6 (50–60%) 53.1 ± 2.7 10.8

Section 7 (60–70%) 64.0 ± 0.1 2.6

Section 8 (70–80%) 71.5 ± 0.1 1.2

SD — standard deviation

Table 2. The mean value of the distribution frequency of nerve 
entry points to the flexor digitorum profundus muscle belly

Structures Mean ± SD  
[cm]

Distributed frequency 
(%)

Section 3 (20–30%) 27.2 ± 1.6 9.3

Section 4 (30–40%) 35.1 ± 2.7 60.1

Section 5 (40–50%) 43.0 ± 2.3 11.9

Section 6 (50–60%) 54.9 ± 3.3 11.7

Section 7 (60–70%) 62.3 ± 2.1 7.0

Section 8 (70–80%) – –

SD — standard deviation

Table 3. Nerve position change in accordance with muscle contraction (unit: %)

Variable

A B C D E F

Value 26.8 ± 1.9 29.9 ± 3.1 39.1 ± 2.7 44.3 ± 2.7 45.1 ± 3.0 45.4 ± 4.3

A — branch outpoint from median nerve in an open hand position; B — branch outpoint from median nerve in a closed fist hand position; C — nerve entry point of the flexor digitorum 
profundus muscle belly in an open hand position; D — nerve entry point of the flexor digitorum profundus muscle belly in a closed fist position; E — nerve entry point of the flexor pollicis 
longus muscle belly in a palm opened position; F — nerve entry point in the flexor pollicis longus muscle belly in a fist closed position

er, after making a fist, the nerve change point was  
29.9 ± 3.1%. So, except for the FPL, the nerve out-
point branch and FDP were moved 3.0% in accord-
ance with hand movement (Table 3). The crossing 
point of the AIN with superior border of pronator 
quadratus was located at 76.1 ± 4.9% from the 
reference line. And the Gantzer muscle was found in 
16 out of 60 specimens (Figs. 2, 3).

dIscussIon
The AIN branched out under the pronator teres 

from the median nerve. This location might have 
caused AIN entrapment from the position where the 
nerves are divided. It is thought that the condition 
of the surrounding muscles, like a pronator teres, 
will cause nerve pressure. In this study, the median 
nerve runs to the anterior aspect of the hand and 

Figure 4. Degree of nerve distribution to enter the muscle belly on the reference line; FDP — flexor digitorum profundus; FPL — flexor pollicis 
longus.
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of recovery is 40.0–50.0% for the FPL and 30.0–40.0% 
for the FDP in this study (Fig. 4). The nerve entry point 
to the muscle belly is reported in this study. The infor-
mation on the muscle belly nerve entry point can be 
used as helpful data for muscle and nerve relaxation 
during the clinical approach.

Clinically, the Gantzer muscle can also cause AIN 
syndrome [12]. Other anatomical studies have also 
indicated a relation between the Gantzer muscle and 
AIN syndrome [3]. The Gantzer muscle was found in 
16 out of 60 specimens from all 8 cadavers and on 
both sides. In all cases found, this was independently 
innervated, and the AIN passed under the Gantzer 
muscle. This locational cause can affect the AIN syn-
drome according Gantzer muscle existence.

In 3 out of 60 specimens, the flexor digitorum 
superficialis was innervated by a branch of the AIN. 
Although it was difficult to find previous studies, this 
will provide reference material for muscle analysis 
related to AIN syndrome. One of the limitations of 
this study is our inability to examine more specimens. 
The fact that there was a 5.0% variation in FDP muscle 
nerve position related to whether the hand is open 
or closed into a fist is considered to be meaningful 
for the anatomical study of nerve position changes 
as related to movement.

conclusIons
The results of this study found that nerve location 

entered muscle belly and also nerve location related 
to movement with anatomical various investigation 
will be considered to treat in clinical practice.
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