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Abstract Objective The purpose of the present study was to analyze the structures in the radial
tunnel that can cause posterior interosseous nerve entrapment.
Methods A total of 30 members of 15 adult cadavers prepared by intra-arterial
injection of a 10% solution of glycerol and formalin were dissected. All were male,
belonging to the laboratory of anatomy of this institution.
Results The branch for the supinator muscle originated from the posterior inteross-
eous nerve in all limbs. We identified the Frohse arcade with a well-developed fibrous
constitution in 22 of the 30 dissected limbs (73%) and of muscular constitution in 8
(27%). The distal margin of the supinator muscle presented fibrous consistency in 7 of

Keywords the 30 limbs (23.5%) and muscular appearance in 23 (76.5%). In the proximal margin of
= radial nerve the extensor carpi radialis brevis muscle, we identified the fibrous arch in 18 limbs
= radial neuropathy (60%); in 9 (30%) we noticed the arcade of muscular constitution; in 3 (10%) there was
> nerve compression only the radial insertion, so that it did not form the arcade.

syndromes Conclusion The Frohse arcade and the arcade formed by the origins of the extensor
= cadaver carpi radialis brevis are normal anatomical structures in adult cadavers. However, from

the clinical point of view, these structures have the potential to cause entrapment of
the posterior interosseous nerve.

Resumo Objetivo O objetivo do presente estudo foi analisar as estruturas contidas no tunel
radial que podem causar neuropatia compressiva do nervo interésseo posterior.
Métodos Foram dissecados 30 membros de 15 cadaveres adultos, preparados por
injecdo intra-arterial de uma solucdo de glicerina e formol a 10%. Todos do sexo
masculino, pertencentes ao laboratério de anatomia desta instituicdo.

* Work performed at the Pontificia Universidade Catélica de Sio Paulo,
Faculdade de Ciéncias Médicas e da Saiide, Sorocaba, SP, Brazil.
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Resultados O ramo para o musculo supinador originou-se do nervo inter6sseo posterior
em todos os membros. Identificamos a arcada de Frohse com uma constituicao fibrosa bem
desenvolvida em 22 dos 30 membros dissecados (73%) e de constituicdo muscular em 8
(23%) A margem distal do musculo supinador apresentou consisténcia fibrosa em 7 dos 30
membros (23,5%) e uma aparéncia muscular em 23 (76,5%). Na margem proximal do
musculo extensor radial curto do carpo, identificamos a arcada fibrosa em 18 membros
(60%); em 9 (30%), notamos a arcada de constituicdo muscular; e em trés (10%) havia
apenas a insercao radial, de maneira que ndo formava a arcada.

Conclusao A arcada de Frohse e a arcada formada pelas origens do musculo extensor
radial curto do carpo sdo estruturas anatémicas normais em cadaveres adultos. No
entanto, sob o ponto de vista clinico, essas estruturas tém potencial para causar a

Palavras-chave

= nervo radial

= neuropatia radial

= sindromes de
compressao nervosa

= cadaver

Introduction

The radial nerve (RN) is the main nerve originating from the
posterior fascicle of the brachial plexus. It supplies all
muscles from the posterior compartment of the arm and
forearm. It passes from the posterior to the anterior com-
partment, contouring the RN sulcus at the humerus. It
crosses the intermuscular septum between the brachialis
muscle (B) medially, and the brachioradialis (BR) laterally.
Traveling distally, it emerges between the BR and extensor
carpi radialis longus muscle (ECRL). It is divided in a superfi-
cial branch of the RN and the posterior interosseus nerve
(PIN), also called deep branch of the RN.

The radial tunnel is a muscle-aponeurotic structure
extending from the humeral lateral epicondyle to the distal
margin of the supinator muscle (S)."?> Compression of the
PIN at the radial tunnel may result in two distinctive clinical
presentations: PIN syndrome, leading to motor paralysis, and
radial tunnel syndrome, which causes sensorial symptoms
and pain at the lateral aspect of the elbow and forearm, and is
occasionally misdiagnosed as lateral epicondylitis of the
elbow.

It may seem paradoxical that nerve compression may
cause pain as an initial symptom. However, in addition to
motor fibers, the PIN presents sensorial afferent fibers to the
wrist joint and afferent fibers to the muscles supplied by it.3
Pain or “weight” sensations may be mediated by these
factors.> The S muscle consists of two heads, superficial
and deep, with the PIN between them. The proximal border
of the S superficial head may form a fibrous arcade with
variable thickness and length, also known as Frohse arcade
(FA). The FA was described in 1908 by Frohse et al,* and it is
considered the most common site for PIN compression.?>®
Repetitive pronation and supination movements of the
forearm may worsen this nerve compression. Other struc-
tures may be involved in this condition, such as the fibrous
proximal margin of the extensor carpi radialis brevis muscle
(ECRB), which has an osseous origin at the radial side and a
fascial origin at the ulnar side. These two origins form an
arcade, which is crossed by the PIN. This arcade has been
involved in PIN compressive syndrome, being proximal or,
occasionally, distal to the FA.! The present study aimed to
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compressdo do nervo interésseo posterior.

identify which structures from the radial tunnel may be
responsible for PIN compressive neuropathy.

Material and Methods

The present study was based on the dissection of 30 limbs
from 15 cadavers, all male. The limbs were prepared by intra-
arterial injection of a 10% glycerin and formalin solution.
Four limbs from two full-term fetus cadavers were dissected
to evaluate the composition of the S, determining if the fetal
arches presented muscular or a partially fibrous composi-
tion. These four members were not included in the present
study. Each forearm was dissected with the elbow in exten-
sion, wrist in neutral position and forearm in pronation. No
limb showed evidence of deformities, previous surgical
procedures or traumatic injuries in the study area. The
skin and fascia from the anterolateral surface of the distal
third of the arm, forearm, and wrist were removed.

The RN was identified between the B and BR and dissected
from proximal to distal. The BR, ECRL and ECRB tendons were
sectioned at their distal third and freed from the fibrous
connections joining them to facilitate the identification of
nervous branches. The branches to the BR, ECRL, ECRB and S
muscles were dissected. Vascular structures were not pre-
served to facilitate nerve dissection. A 2.5x magnifying glass
was occasionally used during dissection. The relation between
the PIN and the fibrous tunnel formed by the proximal margin
of the ECRB muscle, the FA and the distal S margin was assessed
and classified as fibrous or muscular, depending on its appear-
ance, that is, fibrous/tendinous or muscular/translucid, respec-
tively. The present study was approved by the Ethics
Committee under number 2.207.258.

Results

For easier understanding, proximal, distal, medial and lateral
aspects are identified in the figures. The FA had a well-devel-
oped, fibrous constitution in 22 limbs (73%) (~Fig. 1A and 1B)
and a muscular constitution in 8 limbs (27%) (~Fig. 2A and 2B).
The distal S margin was fibrous in 7 out of 30 limbs (23.5%)
(=Fig. 3A) and had a muscular appearance in the remaining 23



Fig. 1 (A) - (a) Median nerve (MN); (b) branch to brachioradialis
muscle (BR); (c) branch to extensor carpi radialis longus muscle
(ECRL); (d); branch to extensor carpi radialis brevis muscle (ECRB); (e)
superficial branch of the radial nerve (RN); (f) posterior interosseous
nerve (PIN). (B) - (a) PIN; (b) branch to supinator (S); (c) fibrous Frohse
arcade (FA); (d) distal muscular margin of S.

Fig. 2 (A) - (a) Median nerve (MN); (b) branch to brachioradialis muscle
(BR); (c) branches to extensor carpi radialis longus muscle (ECRL); (d);
branch to extensor carpi radialis brevis muscle (ECRBY); (e) superficial branch
of the radial nerve (RSRN); (f) posterior interosseous nerve (PIN); (g)
branches to supinator muscle (S). (B) - (a) MN; (b) branches to BR; (c) branch
to ECRL; (d); branch to ECRB; (e) PIN; (f) ECRB; (g) S.
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Fig. 3 (A) - (a) Posterior interosseous nerve (PIN); (b) branches to
supinator muscle (S) proximal to the Frohse arcade (FA); (c) fibrous FA;
(d) fibrous distal margin of S. (B)- (a) fibrous margin of the extensor
carpi radialis brevis muscle (ECRB); (b) PIN; (c) branch to S.

limbs (76.5%) (=Fig. 1B). The proximal ECRB margin presented
an arcade with both bone and fascial origins at the radial and
ulnar aspects, respectively; the PIN lied at the tunnel formed by
these structures. This arcade was fibrous in 18 limbs (60%)
(=Fig. 3B) and muscular in 9 limbs (30%) (=Fig. 4A); in
addition, in 3 limbs (10%), only the radial attachment was
present, with no arcade formation (~Fig. 4B). The ECRB arcade
was proximal to the FA in 17 limbs (57%), in direct contact with
the PIN and supported by it (~Fig. 3B and 4A); however, the
arcade had visible macroscopic thickness and structure suffi-
cient to cause PIN compression in only 6 limbs (20%). This
arcade was positioned at the same level as the FA in 4 limbs
(13.5%)(=Fig.5A); in 6 limbs (20%), it was distal to the FA, being
supported by the S, not by the PIN (~Fig. 5B).

Discussion

Kopell et al’ first described PIN compression at the radial
tunnel. Spinner? reports studying 25 limbs from adult
cadavers and 10 limbs from term fetuses. The lack of a fibrous
FA in fetuses, in contrast to the 30% incidence of a fibrous
arcade in adult cadavers, suggests that the fibrous arcade
component forms at the superficial part of the supinator
muscle in response to the repetitive pronation and supina-
tion movements of the forearm.? We were curious and
dissected four fetal forearms and, in fact, no vestigial fibrous
tissue was identified in the S. Werner® found 39 (65%) fibrous
arcades in 60 unselected cadavers and in 80 (89%) out of 90
surgically treated patients. Lister et al® identified a thick,
fibrous FA in all patients from a 20 surgical cases series, all
unilateral. Papadopoulos et al'® analyzed a series with 120
cadaveric limbs and found a fibrous FA in 61 of them (51%).
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Fig. 4 (A) - (a) Muscular margin of extensor carpi radialis brevis
muscle (ECRB); (b) posterior interosseous nerve (PIN); (c) branch to S.
(B) - (a) fibrous Frohse arcade (FA); ECRB (only with bone attachment,
no arcade formation); (c) PIN; (d) branch to S muscle; (e) radial nerve
superficial branch (RNSB).

Prasartritha et al,'" dissecting 60 limbs from 30 cadavers,

found that the constitution of the FA was membranous in 26
(43%) and fibrotendinous in 34 specimens (57%). Riffaud
et al'? dissected 25 cadaveric limbs and observed that the
FA had a fibrous constitution in 23 of them (95%). In an
anatomical study on the radial tunnel in 60 cadaveric limbs,
Ozkan et al'? identified a fibrous FA in 48 specimens (80%).
Ebrahein et al'# dissected 20 cadaveric limbs and found a
fibrous FA in 14 specimens (70%). Konjengbam et al'”
reported that the FA was fibrous in 40 (87%) out of 46
cadaveric limbs. In the study by Ozturk et al® the FA was
tendinous in 48 (87%) cadaveric limbs. Meng et al'® exam-
ined 21 cadaveric limbs, identifying a tendinous arcade in 16
(71%) and a membranous arcade in 5 specimens (29%).
Rinker et al® reported operating on 79 patients, all presenting
fibrous FA. For Clavert et al,” the FA had a semicircular shape
and tendinous consistency in 26 limbs (87%) and membra-
nous constitution in the remaining 4 specimens (13%). In our
study, the FA was fibrous in 22 limbs (73%) and muscular in 8
specimens (27%), with no statistically significant difference
between the right and left sides. The number discrepancies
can only be explained by the different forms of interpreting
the constitution of the FA.

The distal S margin represents the end of the radial tunnel
and, in exceptional cases, may be the cause for PIN compres-
sion. A distal S margin of fibrous consistency was identified
by Konjengbam et al'® in 30 (65%) out of 46 dissected limbs,
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Fig. 5 (A)-(a) Fibrous Frohse arcade (FA) and extensor carpi radialis
brevis muscle (ECRB) arcade (sectioned) (b) same level; (c) PIN; (d)
branches to supinator muscle (S). (B) - a) median nerve (MN); (b)
branch to brachioradialis muscle (BR); (c) branch to extensor carpi
radialis longus muscle (ECRL); (d); branch to ECRB; (e) superficial
branch of the radial nerve (SBRN); (f) PIN; (g) S. (h) FA proximal to
ECRB arcade (i).

and by Riffaud et al'? in only 3 (7.5%) out of 25 limbs. In our
study, the distal S margin had a fibrous constitution in 7 out
of 30 limbs (23.5%). As with the FA, these discrepancies can
only be explained by the different forms of interpretation. In
addition to the AF, other structures can cause nerve com-
pression. Among them, the second most common is the
muscular-tendinous arcade formed by both ECRB origins,
that is, its osseous origin at the radial aspect and its fascial
origin at the ulnar aspect, with the PIN lying between them.
This arcade may be proximal or distal to the FA. Riffaud
etal.'? studied 25 cadaveric limbs, and all of them presented
an ECRB arcade, always proximal to the FA. Papadopoulos
et al,'% analyzing a series of 120 cadaveric limbs, found a
fibrous ECRB arcade in 90% of the specimens. Konjengbam
et al'” identified the tendinous upper medial margin of the
ECRB muscle in 36 out of 46 (78%) cadaveric limbs. Clavert
et al° examined 30 previously prepared cadaveric limbs and
found a fibrous component of the ECRB muscle around the
PIN in 4 specimens (13%); however, these authors did not
register macroscopic evidence of PIN compression by the FA
or by any other adjacent structures. Nayak et al'’ reported
dissecting 72 cadaveric limbs and found that the ECRB arcade
was tendinous in 21 specimens (29,1%), muscular in 8 limbs
(11,1%) and absent in 43 specimens (59,7%); in addition,
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Table 1 Literature summary on the incidence of the Frohse arcade and supinator distal margin (DM) according to authors

Authors Fibrous FA | Muscular FA | Fibrous DM | Muscular DM | Study type | Number | Year
of cases
Spinner2 07 (30%) 18 (70%) - - anatomical | 25 1968
Werner® 80 (89%) 10 (11%) - - surgical 90 1979
Lister et al® 20 (100)% | 0 (0%) - - surgical 20 1979
Papadopoulos et al'® | 61 (51%) 59 (49%) - - anatomical | 120 1989
Prasartritha et al'’ 34 (57%) 26 (43%) - - anatomical | 60 1993
Riffaud et al'? 23 (95%) 2 (5%) 3(7.5%) 22 (92.5%) anatomical | 25 1999
Ozcan et al'3 48 (80%) 12 (20%) - - anatomical | 60 1999
Ebraheim et al'* 14 70% 6 (30%) - - anatomical | 20 2000
Konjengbam et al'® | 40 (87%) 6 (13%) 30 (65%) 16 (35%) anatomical | 46 2004
Rinker et al? 79 (100%) | 0 (0%) - - surgical 79 2004
Ozturk et al® 48 (87%) 07 (13%) - - anatomical | 55 2005
Clavert et al® 26 (87%) 34 (57%) - - anatomical | 30 2009
Meng et al'® 16 (71%) 05 (29%) anatomical | 21 2015
Caetano et al” 22 (73%) 08 (17%) 7 (23.5%) 23 (76.5%) anatomical | 30 2017

Abbreviations: DM, supinator distal margin; FA, Frohse arcade.
*Data from this manuscript.

these authors informed that the ECRB arcade involves the PIN
and may compress it. Vergara-Amador et al' studied 21
cadaveric limbs and identified a fibrotendinous arcade in
the upper medial margin of the ECRB muscle in 20 limbs
(95.2%). In 14 limbs (71.5%), the arch was positioned proxi-
mally to the FA in direct contact with the PIN. In 2 limbs
(9.5%), this tendon arcade was found at the same level of the
FA, and it was in a distal position, with no direct contact with
the PIN, in 4 limbs (19%). Our findings are close to those
reported by these authors; we identified that the arcade was
fibrous in 18 limbs (60%) and muscular in 9 specimens (30%),
in addition to 3 limbs (10%) presenting only a radial attach-
ment that did not form an arcade (~Fig. 4B). In 17 out of 30
limbs (57%), the ECRB muscle arcade was proximal to the FA,
therefore in direct contact with the PIN and supported by it;
however, the arcade only had macroscopically-visible thick-
ness and structure and convincing consistency for PIN com-
pression during pronation and supination in 5 specimens
(16.5%). The arcade was distal to the FA in six limbs (20%),

and, in 4 (13.5%), it was at the same level of the FA, lying over
the S, not the PIN (=~Fig. 5A).

We suggest a surgical approach for radial tunnel decom-
pression with the forearm in pronation. The incisionis ~ 10 cm
long, starting at the lateral epicondyle and following the radial
axis. The forearm fascia is incised and the space between the
ECRB and the extensor digitorum (ED) muscles is identified.
The dissection is deepened in this space, identifying the FA and
the ECRB muscle arcade (=~Tables 1 and 2).

When proximal to the FA, the PIN can be identified
through palpation against the radial diaphysis. Both arcades
must be decompressed.

Conclusion

The Frohse arcade and the arcade formed by the origins of the
ECRB are normal anatomical structures in adult cadavers. It is
important to highlight that, clinically, these structures have
potential to cause PIN entrapment.

Table 2 Literature summary on the incidence of extensor carpi radialis brevis arcade according to authors

Authors Fibrous ECRB Muscular ECRB Absence of ECRB Study type Number Year
arcade arcade arcade of cases
Papadopoulos et al'® 108 (90%) 12 (10%) - anatomical 120 1989
Konjengbam et al'® 36 (78%) 10 (22%) - anatomical | 46 2004
Clavert.” 04 (13%) 26 (87%) - anatomical 30 2009
Noyak et al'’ 21 (29.1%) 4 (13%) 43 (59.7%) anatomical | 72 2010
Vergara-Amador et al' 20 (95.2%) 01 (4.8%) - anatomical 21 2015
Caetano et al* 18 (60%) 9 (30%) 3 (10%) anatomical 30 2018

Abbreviation: ECRB, extensor carpi radialis brevis.
“Data from this manuscript.
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