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KEYWORDS Summary

Anterior interosseous Introduction: Various studies have found that 6.6 to 31% of supracondylar elbow fractures in
nerve; children have nerve-related complications. One-third of these are cases of anterior interosseous
Supracondylar nerve (AIN) palsy that usually result in a deficit of active thumb and index flexion. The goal of
fracture; this cadaver study was to describe the course of the AIN to achieve a better understanding of
Nerve palsy; how it may get injured.

Children; Materials and methods: On 35 cadaver specimens, the median nerve and its collateral branches
Anatomy destined to muscles were dissected at the elbow and forearm levels. The distance at which the

various branches arose was measured relative to the humeral intercondylar line. Interfascicular
dissection of the AIN was used to map its distribution within the median nerve.

Results: The AIN arises at an average of 45mm from the humeral intercondylar line. Before
emerging from the median nerve, the AIN fascicles were always found in the dorsal part of the
median nerve. After emerging, the AIN was divided into two zones. Zone 1 was the transitional
portion from its exit point until its entrance into the interosseous space, where it changes
direction. Zone 2 was the interosseous portion between the radius and ulna that comes into
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contact with the anterior interosseous membrane to which it is attached over its entire length
until it ends in the pronator quadratus (PQ) muscle. The muscle branches of the AIN destined for
the flexor pollicis longus (FPL) and flexor digitorum profundus (FDP) muscles mostly originated
in Zone 1, which is the transitional portion between the median nerve and the fixed Zone 2.
The branches destined to the pronator teres (PT) and flexor carpi radialis (FCR) originating from

Discussion: The injury mechanisms leading to selective AIN palsy secondary to supracondylar
elbow fracture in children are probably the result of two factors: direct contusion of the pos-
terior aspect of the median nerve, and thereby the AIN fascicles, by the proximal fragment;
stretching of AIN in Zone 1, which has less ability to withstand stretching than the median nerve

Conclusion: Details about the origin and course of the AIN can explain the high percentage of
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the median nerve are more proximal and superficial.
and its other branches because the AIN is fixed in Zone 2.
AIN palsy in supracondylar elbow fractures in children.
Level of evidence: Level IV. Anatomic study.
© 2013 Elsevier Masson SAS. All rights reserved.
Introduction

Supracondylar elbow fractures make up 3% of all fractures
in children [1]. Five fracture types were identified and
described by Lagrange and Rigault in 1962 [2,3]. Types lll and
IV are responsible for most of the immediate complications,
which are mainly nerve-related but can also be vascular in
nature [4—6]. Several series have found that 6.6 to 31%
of supracondylar elbow fractures in children have nerve-
related complications [1,4,6,7]. Since 95% of these fractures
occur in extension, the displacement of the distal fragment
seems to be an important factor in the pathophysiology
of the nerve trunk injury [4]. Among the 60 nerve-related
complications observed in a series of 210 supracondylar
fractures [4], the median nerve was involved in 28 cases
(with posterolateral displacement in 86% of these cases), the
radial nerve was injured in 13 cases (posteromedial displace-
ment in 92% of cases) and the ulnar nerve was paralysed in 25
cases (with posterolateral and posteromedial displacement
in 56% and 40% of cases, respectively).

The anterior interosseous nerve (AIN) is a branch of
the median nerve that always innervates the flexor polli-
cis longus (FPL) muscle and the flexor digitorum profundus
(FDP) muscle fascicle destined to the index. In cases of palsy,
an active flexion deficit exists in the thumb interphalangeal
joint and the index distal interphalangeal joint, leading to a
duck bill deformity when the patient is asked to make a cir-
cle with their index finger and thumb; however this sign is
non-specific [5,8]. This palsy is found in multiple diseases
having a neuritis-related or compressive etiology [9—20].
The prognosis, all etiologies combined, is good, even with-
out exploratory surgery, which only finds a clearly identified
anatomical injury in 16% of cases [19].

AIN palsy is found in 7.6 to 8.6% of supracondylar
fractures and by itself, makes up 47% of all nerve-
related complications and 70% of median nerve injuries
[1,4,6,7,14,21,22]. But these only occur with posterolat-
eral fragment displacement [4]. The prognosis is good with
the spontaneous recovery being permanent. The hypothesis
of a neuropraxia-type injury seems most likely in this case
[4,7,14].

But how can 70% of medial nerve injuries be attributed
to damage done to only one of its branches, the AIN, when
it emerges distally to the fracture site?

Some authors [23,24] have explored this paradox and
hypothesized that the medial nerve’s AIN fascicles across
from the fracture site are bruised. However, no specific
anatomical studies have looked at the injury mechanisms.
The goal of this cadaver study was to describe the trajec-
tory of the AIN to get a better understanding of how it is
injured.

Material and methods

Our study consisted of dissecting 35 cadaver specimens, 27
that were freshly thawed after freezing and eight that were
formalin preserved. Each dissection was performed with
4.3 x magnification surgical loupes.

The same approach to the site was used each time. After
removing the skin, the median nerve and humeral artery at
the upper portion of the pronator teres (PT) were identi-
fied. After cutting the distal tendons of the palmaris longus
(PL) and flexor carpi radialis (FCR) muscles, we located and
inventoried the muscle branches destined to the superficial
compartment muscles (PT, FCR, PL). We then located the
medial nerve under the flexor digitorum superficialis (FDS),
which allowed us to cut and reflect the PT muscle. This
allowed us to divide the individual muscle branches destined
to the FDS muscle. After the FDS was fully opened, the AIN
stemming from the median nerve was identified by follow-
ing it up to the pronator quadratus (PQ) muscle. The muscle
branches of the AIN destined to the FPL and FDP muscles
were separated into individual branches.

For each muscle branch identified, the location where is
arose from and penetrated into the muscle body was mea-
sured in millimeters from the humeral intercondylar line,
which was used as a reference point. All the distances were
expressed as a percentage relative to forearm length, which
was defined as the distance between the humeral inter-
condylar line and the radial styloid process.

With four specimens, we performed a retrograde intra-
neural dissection of the AIN fascicles within the median
nerve, from the point where it arose up to the elbow joint.

In two specimens, all the muscles and fascia were
resected until the bone was reached, except for the median
nerve and AIN. We performed a distal humerus osteotomy
above the humeral intercondylar line to reproduce a supra-
condylar fracture. The goal was to analyze the behavior of,
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Figure 1  Drawing showing the distances at which the various
muscle branches arise from the median nerve and the anterior
interosseous nerve. Each value is given in mm and as a percent-
age of forearm length. The standard deviation of this value is
given in mm. PT: pronator teres; FCR: flexor carpi radialis; FPL:
flexor pollicis longus; FIP: flexor indicis profundus; PQ: pronator
quadratus.

and the relationship between, the median nerve and AIN
when the fracture fragments are displaced.

Results

As summarized in Fig. 1, the median nerve gives off muscle
branches destined to the PT muscle at 15+ 16 mm from the
humeral intercondylar line (6% of the forearm length) and
to the FCR muscle at 26 + 15 mm (11%). The branch destined
to the FRC muscle arose from the posteromedial portion
of the nerve. The AIN arose from the posterior portion of
the median nerve at 45+ 13.6 mm (18% of forearm length).
When the median nerve was dissected, the AIN fascicles
were always located posteriorly before emerging.

Distal to where it arose, the AIN had two portions. One
was transitional, proximal and free-moving, located from
the AIN’s median nerve origin point up to where it comes
into contact with the interosseous membrane. The other was
distal and interosseous, and corresponded to the portion of
the nerve from where it is appended to the interosseous
membrane up until it penetrates into the PQ muscle.

Transitional portion

This originated at 45+ 13.6 mm (18% of forearm length) and
extended from where it arose from the AIN to where it
entered into the interosseous space (corresponding to the
start of the apposition of the nerve onto the interosseous
membrane) at 117 £17mm (47% of forearm length). This
portion was free to move and had no fibrous attachments.

Almost all of the motor branches of the AIN arose from
this portion.

e One main branch systematically went to the flexor indi-
cis profundus (FIP) muscle at 72 + 12 mm, thus 30%. This
was always the largest of the branches destined to this
muscle. In 55% of cases, the AIN gave off branches to the
remainder of the FDP, either through another independent
branch or by branching off from the main branch.

e Two main branches for the FPL muscle at 72+15mm
(30%), one going in front of the FPL muscle body and the
other behind it. These either originated from a common
trunk (83% of cases) or arose from the AIN, independent
of each other.

e Gantzer’s muscle (accessory head to FPL), which is not
always present (18% in this series), received a branch
arising at 60 £ 15mm (24%).

e Martin Gruber anastomosis: this median-ulnar motor
nerve anastomosis was found in 40% of specimens. When
present, it originated either directly from the AIN (63% of
specimens) or from the branch destined to the FIP muscle
(27% of specimens).

Interosseous portion

This portion started at the AIN entry point into the
interosseous space at 117 +£17mm (47%) and extended up
to where it ended in the PQ muscle at 213 =27 mm (87%).
In 45% of specimens, no muscle branches arose from this
portion of the nerve. In 55% of specimens, the nerve gave
off a very small accessory branch to the FPL and/or FIP at
115+£29mm (47%) and 119 + 19 mm (48%), respectively.

In three specimens, the AIN had an intramuscular tra-
jectory inside the FPL. It passed under the PQ muscle at
184 +£ 19 mm (75%) and innervated the PQ with an average of
3.5branches. The joint branch for the wrist was not always
found, probably because of its miniscule size.

In every specimen, this portion of the entire length of the
AIN was attached to the interosseous membrane by multi-
ple fibrous bands, which did not allow it to move or adapt
(Fig. 2).

The simulation of the posterior displacement of the frac-
ture on two specimens via an osteotomy found greater
tension being placed on the AIN relative to the median nerve
because of its fixed interosseous portion. The median nerve
was trapped in the coronoid fossa of the humerus during
posterolateral displacements, but was not trapped during
posteromedial displacements (Fig. 3).

Discussion

Our study confirmed the descriptions of the posterior loca-
tion of AIN fascicles in the median nerve at the elbow, up
until it emerged from this nerve [25,26]. In other published
studies, the AIN arose at 50 to 80 mm from the humeral
intercondylar line [25,27—29]. Our average value of 45mm
(18% of forearm length) was close to the published value.
There was relatively little variability in this point of origin
(standard deviation less than 14 mm).

The muscles innervated by the AIN were identical to
published data [30—32], including the inconsistent Gantzer
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Figure 2 Anterior view of the right forearm showing the
interosseous portion of the anterior interosseous nerve (AIN) (1)
between the flexor indicis profundus (FIP) (2) and the flexor pol-
licis longus (FPL) (3), along with its multiple fibrous attachments
(black arrows).

muscle. Lepage et al. [30] found a single branch in all spec-
imens for the FPL and in 94% of cases for the FPD. We found
more than one branch for these two muscles in 47% and 48%
of cases, respectively. This difference could be explained by
the small size of these branches, which makes them hard to
find.

This nerve is more often involved during supracondylar
fracture with posterior fragment displacement. We hypothe-
size that the AIN is not being directly bruised by the fracture
edge, since it arises distal to the fracture site. Some of the
proposed mechanisms relate to either aponeurotic arcades

Proximal

L} Medial

Figure 3  Right forearm that has been dissected to leave only
the humerus (H), its coronoid fossa (CF), the median nerve (M)
and the pronator teres (PT) muscle. Once an osteotomy was
performed to reproduce a supracondylar elbow fracture, the
median nerve was trapped in the coronoid fossa when the distal
fragment was displaced (arrow).

at the PT and FDS muscles or signs of intranerve ischemia
[24,33]. However, these two mechanisms cannot in them-
selves explain the isolated AIN palsy because the median
nerve would also have to be injured. Spinner and Schreider
[23] and Geutjen [24] proposed that the posterior part of
the median nerve was being bruised at the fracture site.
Based on other cadaver studies [26,34,35], it was hypoth-
esized that the AIN fascicles are the first to be bruised by
the proximal fragment, especially since the palsy occurs in
Type lll and IV fractures [2,3], thus secondary to posterior
displacements.

This explanation was based on modeling of the injury on
cadaver specimens but seemed inadequate to us. This led
to us to suggest that a combination of events leads to an
isolated AIN injury secondary to this fracture.

e First, direct contusion by the free edge of the proximal
fracture fragment of the AIN fascicles in the portion where
the AIN is still enclosed in the median nerve before arising
from it (Fig. 3).

e Then the coronoid fossa of the humerus catches the
median nerve during posterolateral fracture fragment
displacement and makes this posterior contusion to the
median nerve worse (Fig. 3).

e Stretching of the shorter, free portion of the AIN, seems
to be made worse by the interosseous part of the AIN
being attached along the interosseous membrane. Thus
the AIN has a limited capacity to withstand any stretch
injury because its longest part is fixed. Since the median
nerve is free-moving, it could theoretically withstand
more stretching during the fragment displacements with-
out being injured.

Conclusion

AIN palsy secondary to supracondylar elbow fracture in chil-
dren is not likely due only to bruising of the posterior part
of the median nerve by the proximal fragment. This rela-
tively dated cadaver-derived observation cannot by itself
explain the selective injury to the AIN. Our study allowed us
to shed light on a more complex series of event, which can
be explained by the anatomy and relative location of the
AIN.
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