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Compressive Structures of the Median Nerve at the Elbow
Estructuras Compresivas del Nervio Mediano en el Codo
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SUMMARY: The objective of this study was to analyze the potential for compression of the median nerve (MN) caused by the
bicipital aponeurosis (BA), the humeral and ulnar heads of the pronator teres muscle (PTM) and the arcade of the flewor digitor
superficialis muscle (FDS) in recently deceased cadavers. In this analysis 20 forearms of 10 recently deceased aduknmalereadav
dissected. Dissections were performed in the institution's autopsy room or anatomy laboratory. The short and long hieadp®f the
brachii muscle, as well as the BA were identified in all upper upper limbs. The BA received contribution from the shogtlzeation
of the biceps brachii muscle. In 12 upper limbs the BA was wide and thickened and in 8 it was supported by the MN. limbsipper |
the BA was wide but not very thick, and in 3 it was narrow and not very thick. We identified the existence of the FDScadsdle ar
all dissected upper limbs. A fibrous arcade was identified in 4 forearms, a muscular arcade in 14 and a transparent @ppade in 2
limbs. In all of them, we recorded that the arcade was in contact with the MN. We recorded the humeral and ulnar he@d iof the P
all dissected upper limbs, with the presence of fibrous beams between them along their entire length. The MN was positiemed bet
the humeral and ulnar heads of the PTM in all upper limbs. In eight upper limbs (40 %), we identified that the BA had &hnidkness
contact with the MN with the potential to cause its compression. Compression between the humeral and ulnar heads of the PTM by
fibrous connections has the potential to cause nerve compression in all upper limbs (100 %). We did not identify thahiba&l anato
structure of the FDS arcade had the potential to cause compression in the MN.
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INTRODUCTION

In their respective paths, peripheral nerves can suffiallows its path between the superficial and deap heads of
compression in anatomical locations, where there isthe pronator teres muscle (PTM) (Spinner, 1978) and passes
disproportion between the content of the nerve and tligrough the arch formed by the two insertions of the flexor
continent of the structures it crosses, determiningigitorum superficialis muscle (FDS) (Hargt al, 1981;
compressive neuropathies. The most common site BfMaraghy & Devereaux, 2013). The MN can suffer
compression of the median nerve is the carpal tunnelpmpression in any of these mentioned locations and,
however, it can often be compressed by anatomical structuregardless of where it occurs, this compressive neuropathy
in the region of the elbow and proximal third of the forearrs called pronator teres syndrome. Median nerve compression
(Testut, 1884; Spinner, 1978; Haetizal,, 1981; EIMaraghy in the forearm should be considered as a differential diag-
& Devereaux, 2013; Dubois de Mont-Maenal, 2021).  nosis of patients with forearm pain and persistent median

nerve compression symptoms, especially in patients with

The median nerve (MN) is formed by the junction oBymptoms after carpal tunnel release (El-étal, 2021).
the lateral and medial fascicles of the brachial plexus. In the
middle third of the arm, the MN crosses the brachial artery BA is a thickening of the brachial fascia that joins
from lateral to medial and in front of it, both being surroundethe biceps brachii to the ulna, covering the proximal portion
by a neurovascular sheath (Testut, 1884). The nerve theinthe flexor-pronator muscle group. The BA has the
goes towards the cubital fossa, where it is located mediaflynctions of protecting the neurovascular bundle in the
to the brachial artery and the tendon of the biceps brachiibital fossa and serving as anchorage for the bicipital
muscle, courses posteriorly to the bicipital aponeurosis (BAgndon, which is inserted into the bicipital tuberosity of the

Pontificia Universidade Catélica de Sdo Paulo. Faculdade de Ciéncias Médicas e da Saude, Sorocaba, Sdo Paulo, Brasil.

Received: 2024-01-04  Accepted: 2024-02-25

623



CAETANO, E. B.; VIEIRA, L. A;; BUENO, V. S.; VOLPIANI, T. S.; PADILHA, G. C. & KELLER, V. P. Compressive structures of the median nerve at the elbow.
Int. J. Morphol., 42(3523-630, 2024.

radius (Caetanet al, 2018a). When the BA is too thick, it This manuscript was analyzed and approved by the
can compress the median nerve and cause symptoithics Committee of the Faculty of Medical and Health
(EIMaraghy & Devereaux, 2013). Sciences of the Pontifical Catholic University of Sdo Paulo
- FCMS/PUC with Certificate of Presentation of Ethical
The PTM is made up of two heads. The humeral (&ppreciation number 70128223.0.0000.5373.
superficial) head is more extensive and originates on the
medial epicondyle of the humerus and surrounding are®ESULTS
The ulnar (or deep) head originates from the coronoid process
of the ulna. The two portions come together to insert The short and long heads of the biceps brachii muscle,
themselves into the diaphysis of the radius, bypassing as well as the BA, were identified in all upper limbs. BA
The median nerve is positioned between the two headsre€eived contributions from the short and long heads, with
the PTM (Jamienson & Anson, 1952; Johnsobal, 1979; the most significant contribution always coming from the
Dellon & Mackinnon, 1987; Nebot-Cegared al, 1992; short head. The BA joined the antebrachial fascia, covering
Tulwaet al, 1994). the flexus pronator group, inserting into the proximal third
of the ulna. The length of the BA from its origin to its
The FDS muscle is the largest muscle in the forearnimsertion varied from 4.2 to 6.0 cm and its width from 0.5 to
It forms an intermediate muscular layer in the forearr®.0 cm. In eight upper limbs, the BA was thickened, in contact
between the superficial and deep groups. The median newith the median nerve, with the elbow being extended (Fig.
and ulnar artery enter the forearm passing through an atich In four upper limbs, even though thick, the BA did not
made up of the insertions of the radial and humero-ulnegst on the median nerve (Fig. 2). In five upper limbs it was
heads of the FDS (Kopell & Thompson, 1958; Bilecenoglwide, but not thick enough to compress the nerve (Fig. 3).
et al, 2005; Athwakt al, 2007; Tubbet al, 2010; Guo & Inthree upper limbs, the BA was very narrow and thin (Figs.
Wang, 2014; Caetaret al, 2018b). 4 and 5). The bicipital tendon was identified in all cases
forming a variable angle with the BA.
The objective of this work was to analyze, in the
forearms of recently deceased cadavers, the potential of these
structures to cause compression of the median nerve.

e v

MATERIAL AND METHOD

In the study 20 forearms were dissected from 10 rece
deceased adult male cadavers. The forearms did not show deforma
due to trauma, malformations or scars. Dissections were perfor
in the institution's autopsy room or anatomy laboratory. Throug
median incision in the arm and forearm, two flaps were reflects
including the skin and subcutaneous, for the radial and ulnar si
respectively. The same was done in relation to the fascia of the
and forearm, thus exposing the entire musculature. The median n
was identified in the proximal third of the arm on the medial marg
of the biceps brachii muscle and dissected distally. The biceps bra
and brachialis muscles were dissected to their insertions.
participation of the short and long heads of the biceps brachii mus
in the composition of the BA was analyzed. The dissection contin
distally in the forearm where the relationship of the median ne
with the superficial and deep heads of the pronator teres muscle
with the arch formed between the insertions of the flexor digitor

The anatomical variations identified were noted and photographeg; 4 1. In 8 upper limbs, the bicipital aponeurosis was
Keeler magnifying glass with 2.5X magnification was used as a me@fitkened, in contact with the median nerve, with the
of magnification. elbow in extension
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Fig. 4. In 3 upper limbs the
bicipital aponeurosis was very
narrow and thin

Fig. 2. In 4 upper limbs, even though the bicipita:
aponeurosis was thick, it did not rest on the median
nerve.

CHARACTERISTICS OF BA

3 (15%)-
AN
-8 (40%)
5 (25%)-

-4.(20%)

m Wide, thickened and in contact with the MN

® Wide, thickened but without contact with the MN

= Thickened but not wide enough to compress the MN
Narrow and thin

Fig. 5. Characteristics of bicipital aponeurosis.

We recorded that in all dissected upper limbs the humeral and
ulnar heads of the PTM were well individualized, with the presence of
fibrous beams between them throughout their entire length (Fig. 6).
The two heads joined distally to insert themselves through an enlarged
tendon, bypassing and inserting themselves in the middle third of the
radius diaphysis (Fig. 7). The median nerve was positioned between
the humeral and ulnar heads of the PTM in all upper limbs (Figs. 6 to
8) We observed the humeral head to be always more extensive in relation
'3 to the ulnar head (Fig. 6). In all upper limbs, the proximal origin of the
Fig. 3. In 5 upper limbs, the bicipital aponeurosis wasllnar head of the PTM was always through a tendinous component
wide, but not thick enough to compress the nerve  (Fig. 7).

625



CAETANO, E. B.; VIEIRA, L. A;; BUENO, V. S.; VOLPIANI, T. S.; PADILHA, G. C. & KELLER, V. P. Compressive structures of the median nerve at the elbow.
Int. J. Morphol., 42(3523-630, 2024.

! i fn'x"/,” .8 /
Fig. 6. In all the dissected upper limbs, the humeral and ulnar heddg. 7. The superficial (A) and deep (B) heads of the pronator
of the PTM were well individualized, with the presence of fibrouseres muscle join distally to insert through an enlarged tendon,

beams between them along their entire length. bypassing and inserting into the middle third of the radius
diaphysis.

We identified the existence of the FDS muscle arca-
de in all dissected upper limbs. The radial head of the FDS
muscle was identified in the 20 forearms, with an extensior CHARACTERISTICS OF THE TWO HEADS OF
of 2.5 to 7.0 cm. The humeral head, in the same way, wa THE PTM
recorded on all forearms, inserting on the medial epicondyle
next to the pronator teres muscle. The ulnar head wa
identified in four forearms, inserting itself close to the
coronoid process of the ulna. The fibrous arcade wa
identified in four forearms (Fig. 9). The muscular arch was
recorded in 14 upper limbs (Fig. 10). The transparent arcl 20 (100%)
was identified in two upper limbs and, in this case, the arcl
was very thin, making it possible to visualize the nerve
through transparency inside it (Fig. 11). In all upper limbs
we recorded that the median nerve was in contact with th
arch. The a_verage distance from Fhe ar_Ch point that reste m Presence of fibrous beams with MN passing between the heads
on the median nerve and the medial epicondyle was 6.6cm
(average 5.8 to 7.0cm). The anterior interosseous nerveFig. 8. Characteristics of the two headprgnator teres
originated from the median nerve proximal to the arch in all muscle
forearms. The muscular arcade was recorded in 14 upper
limbs (Fig. 10).
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identified in 4 forearms.

CHARACTERISTICS OF THE ARCADE OF THE
FDS MUSCLE

2 (10%)- —

-

14 (70%) -

m Fibrous arcade and in contact with MN
= Muscular arcade and in contact with MN
B Transparent arch and in contact with MN

Fig. 11. Characteristics of the arcade of fhexor
digitorum superficialis musclauscle.

MUSCLE
ARCH

T

Fig. 9. The fibrous arch of the superficial flexor muscle wa§ig. 10. The flexor superficial muscle arch was recorded in 14 upper

limbs.

DISCUSSION

In proximal compression of the median nerve, there may
be several simultaneous compressive structures, which, in a limited
view, may mean that some of these structures go unnoticed in the
assessment of the pathology. Therefore, the separation of proximal
compressive neuropathies of the median nerve into smaller
anatomical syndromes should be discussed, as none of them truly
represents the mixture of overlapping anatomical variations found
in clinical practice (Lopp0Oneet al, 2022).

The reviewed literature presented different points of view
on the morphology of the BA and the amount of contribution of
fibers from the short head and long head to its formation. Athwal
et al (2007), dissected 15 upper limbs from cadavers and in all of
them, they identified BA originating from the short head of the
biceps brachii muscle, so that the short head contributed to the
formation of the bicipital tendon and the BA, while the long head
only contributed to the formation of the bicipital tendon. Dieim
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al. (2008), reported that the BA is made up of fibersf the PTM can be completely independent, with distal
originating from the short and long heads of the bicepssertions in different locations. In this study we noticed that
brachii muscle, and in only one of 17 upper limbs thethe two heads of the PTM joined distally, bypassing and
identified that only the short head contributed to thimserting into the diaphysis of the radius, which agrees with
formation of the BA. Joslat al (2014), studied 30 cadaveric other authors (Stabillet al., 2002; Caetanet al, 2017).
upper limbs and recorded that the fibers that formed the disBarret (1936) describes that among 200 dissected cases, he
portion of the BA originated from the short head, while thosecorded an additional portion of the humeral head in one
that formed the proximal portion of the BA originated fromand called it the third head of the PTM. Wehave not identified
the long head of the biceps brachii muscle. Caetdrad  an additional PTM head.
(2017), observed that in 90 % of the dissected upper limbs
the BA received contributions from the short and long heads. Hartz et al. (1981), reported that, based on their
In this study we observed that the short and long headsexfperience, they noticed that compression of the median
the biceps brachii muscle were identified in all upper limbsierve caused by the bicipital aponeurosis resulted in pain
In all members, the BA received contributions from the shatthat spread diffusely on the volar surface of the forearm,
and long heads, with the most significant contribution alwayshile compression by the arch of the FDS muscle resulted
coming from the short head. We identified that, in eight uppér well-localized pain. Tubbst al (2010), noted, in 60
limbs (40 %), the BA was of consistent width and thicknesdissected forearms, that elbow extension placed the median
and in contact with the median nerve, with the elbow inerve under greater compression by the FDS muscle arch,
extension. In four upper limbs (20 %), the BA was alsand pronation and supination movements did not alter the
consistent in width and thickness, but did not rest on tmeedian nerve relationship with the FDS muscle arch. In
median nerve. In five upper limbs it was wide, but not thicthis study we noticed that in all upper limbs the FDS arcade
enough to compress the nerve; in three upper limbs, the BAs in contact with the median nerve. We only used recently
was very narrow and thin. Kopell & Thompson (1958) repodeceased cadavers and observed that flexion and extension
that thickened bicipital aponeurosis can compress the nmeevements, as well as pronation and supination of the
dian nerve and cause motor and sensory symptoms. Spinfogearm, altered the relationship between the arch of the
(1978) report four cases of compressive neuropathy of tR®S muscle and the median nerve. However, we did not
median nerve caused by accessory bicipital aponeuroséentify that the arch has the potential to cause nerve
which originated in the distal third of the forearm, and imompression. Few descriptions regarding the anatomical
two of these cases it was associated with the third headfefmation of the FDS muscle arcade are found in the
the biceps brachii muscle. In this study, in contrast to othktierature. Bilecenoglet al (2005) dissected 30 upper limbs
authors (Spinner, 1978; Dirirat al, 2008), we did not from 15 cadavers fixed in formalin and recorded in 97.7 %
identify the presence of the third head of the biceps bracliiie existence of two heads of the FDS muscle, forming an
muscle. arch through which the median and anterior interosseous
nerves passed. Our findings are in line with those of Caetano
We recorded that the humeral and ulnar heads weseal (2018b), who identified the radial and humeral head
present in all of the 20 dissected upper limbs and the nma-the FDS muscle in all forearms. Tubésal (2010)
dian nerve was positioned between them. The absencedifsected 60 forearms from 30 prepared cadavers and
the ulnar head described by some authors (Jamiensorid&ntified the arch with a tendinous constitution in 45
Anson, 1952; Nebot-Cegarmaal, 1992; Tulwat al, 1994; cadavers (75 %), and in 15 (25 %) the arch had a muscular
Stabilleet al, 2002; Caetanet al, 2017) was not observed constitution. Dellon & Mackinnon (1987) identified the
in the present study. Some authors report that the medesence of a fibrous arch in 11 of 31 dissected upper limbs
nerve may be positioned posterior to the two heads of tf@6 %). Johnsoret al. (1979) dissected 40 preserved
pronator teres muscle (Jamienson & Anson, 1952; Caetaradavers, and in 12 (30 %) they identified a fibrous arch on
etal, 2017) and also report that the ulnar head may be poatthe proximal margin of the FDS muscle, in 10 (25 %) they
developed, with a fibrous component in its proximal portiodid not idenify any fibrous band in the passage of the me-
in the coronoid process of the ulna. In this study, we notellan nerve in the proximal region of the forearm. Guo &
in all upper limbs that the proximal origin of the ulnar heativang (2014) also reported that the anterior interosseous
was always through a tendon component. The median nenarve originated distally from the arch of the FDS muscle in
crossing the muscular mass of the humeral head of the PTKI % of the forearms. In contrast, Tubdisal. (2010),
has been described by several authors (Telwal, 1994; reported that in the 60 upper limbs they dissected, they
Stabilleet al, 2002; Caetanet al, 2017) but in this study identified the anterior interosseous nerve originating
we did not record this anatomical variation. In his treatisproximally from the arch of the superficial flexor muscle.
Le Double (1897) describes that the humeral and ulnar hedaisr results agree with those of Tubdtsal (2010), and
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Caetanoet al. (2018b), as we identified the anteriormiembros superiores (40 %), identificamos que la AB era gruesay
interosseous nerve originating proximally to the FDS ardgnia contacto con el NM con potencial para causar su compre-
in all forearms. Caetanet al (2018b), they identified the sion. La compresion entre las cabezas humeral y ulnar del MPR,
fibrous ach in 32 forearms (64 %), muscular in 11 (22 %)oor las conexiones fibrosas, tiene el potencial de causar compre-

. o . 0 ion nerviosa en todos los miembros superiores (100 %). No iden-
transparent in four (8 /o),.and in three (6 %) fore_arms thé{ icamos que la estructura anatémica de la arcada MFS tuviera el
considered the arch to be irregular, as there was d|scont|nLHBfencia| de causar compresion del NM

between the fibers that formed the arcade. In this study we

found different results, as we did not identify that the fibrous PALABRAS CLAVE: Anomalias musculoesqueléticas;
arch, with a tendinous consistency that could compress thiadromes de compresion nerviosa; Diseccion en cadaveres.
median nerve. The fibrous arch was identified in five

forearms and the muscular arch was recorded in 14. The REEFERENCES
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