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An Unusual Variety of the Extensor Digiti
Muscles: Report with Notes on Repetition
Strain Injuries

Variante Anatémica dos Musculos Extensores dos Dedos:
Um Achado Invulgar Suscitando Comentario sobre Tendinopatias
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ABSTRACT
In over 500 human cadaveric dissections of arms and forearms, performed to the present date, we find frequent anatomical variations,
corresponding to classic descriptions. Last year, we found a singular anatomic variation of the extensor muscles of the forearm, which
seems previously undescribed. It is our strong belief that gross anatomy studies, and gross dissection should be updated and reintro-
duced in modern anatomical studies, for teaching, research, or surgical training purposes. We detected a peculiar anatomical variant
of the Superficial Extensor Digiti Muscles in the forearm of a human 73 year old male Caucasian cadaver. We clearly identified a thick
bundle of muscular fibres, connecting the main muscular shafts of the Extensor Digiti Minimi, and the Extensor Digitorum Communis
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Muscles, in a perfectly defined muscular expansion, bridging obliquely downwards and outwards, between the two main muscular
shafts. In our series, this is the first occurrence of such anatomical disposition. Anatomical variations of the extensor tendons to the
fingers are frequently detected in the wrist, hand and fingers compartments. The careful analysis of the variants of muscular shafts in
the forearm compartment, as commonly reported in the earliest anatomical descriptions will bring renewed light to the functional as-
sessment of the extensor mechanism of the human fingers. In this sense, we reviewed the oldest anatomical descriptions, from the 16"
century to the present date.
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RESUMO

Na série alargada de mais de 500 dissecgdes de antebragos e maos cadavéricas humanas, efectuadas por rotina anual do Departa-
mento de Anatomia da Faculdade de Ciéncias Médicas da Universidade Nova de Lisboa desde 1973, detectam-se frequentemente
variagdes anatomicas, com especial incidéncia a nivel dos tendées extensores dos dedos. Detectamos em 2011, uma disposi¢éo
peculiar dos feixes musculares dos musculos extensores superficiais dos dedos de que, por extensa revisdo bibliografica, ndo en-
contramos descri¢do. ldentificou-se um curto feixe de fibras musculares unindo os ventres principais dos musculos extensor comum
dos dedos e extensor do dedo minimo, na margem ulnar do terco médio do antebrago de um caucasiano do sexo masculino, com
73 anos de idade. Consultando textos de Anatomia publicados, desde o séc. XVI até a actualidade, verifica-se que as mais antigas
descrigdes anatdémicas se referem precisamente a uma maior coesédo, com divisdo baixa entre os ventres musculares destes dois
musculos. Apresentamos os resultados preliminares deste estudo no XXII International Symposium of Morphological Sciences, em
Fevereiro de 2012, reservando a redacgao pormenorizada deste achado anatémico para um dos primeiros niumeros da publicagéo
Archives of Anatomy da Sociedade Anatémica Portuguesa. E nossa profunda convicgdo de que os estudos anatémicos, e em particular
a disseccdo cadavérica humana, necessitam ser revalorizados e modernizados, no inicio do novo milénio, pelo seu imprescindivel
contributo aos estudos médicos, tanto em termos curriculares basicos, como ainda na investigacgao clinica e cirurgica, ou em termos
de treino pésgraduado de técnicas cirdrgicas.

Palavras-chave: Antebrago; Cadaver; Dissecgao; Dedos; Humanos; Mao; Tenddes.
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The Department of Anatomy of the New University of
Lisbon has been performing routine human cadaveric dis-
section, since its foundation in 1973(*"), first for undergrad-
uate teaching and research purposes and, more recently,
also for the purpose of «Hands-on» postgraduate courses.
Simultaneously to these intense teaching activities, with
access to cadaveric donations, the Department maintains
important activities of scientific research in the domain of
human morphological studies and of vascular anatomy, in
particular. The Anatomy Department of the New University
of Lisbon, presently directed by Jodo Erse de Goyri O’Neill,
is well equipped to receive and conserve every cadaveric
donation, and the Anatomy dissection room is also well
equipped to receive several working stations simultane-
ously. (Fig.1)

1 (*) Emeritus Professor J.A. Esperanca Pina was the founder of the

Faculty of Medical Sciences of Lisbon, where he rebuilt and modern-

ized the Lisbon Dissection room in 1973, and later elected President

of the International Federation of Associations of Anatomists — |.F.A.A.
—(1994/1998). From him, we learned the value of dissection.

Figure 1 — «The Lisbon Dissection room»: The Anatomy Depart-
ment of the New University of Lisbon is well equipped to receive
and conserve every cadaveric donation, and the dissection room
can receive several working stations simultaneously.

Scope of the study: In more than 500 human cadaveric
dissections of arms and forearms, as performed to the pre-
sent date in our Department, we find frequent anatomical
variations, most of which correspond to classic descriptions
and classification, when we review a careful bibliographical
research. Last year, during routine cadaveric dissection for
teaching purposes, we detected a singular anatomic varia-
tion of the extensor muscles of the forearm, which seems
previously undescribed.

We presented the preliminary results of this study to the
XXII International Symposium of Morphological Sciences,
in Feb. 2012" and prepared the enlarged report of the case
for publication in one of the first issues of the Archives of
Anatomy, the official publication of the Portuguese Anatomi-
cal Society (AAP/SAP), because it is our strong belief that
gross anatomy studies, and gross dissection should be up-
dated and reintroduced in modern anatomical studies, both
for teaching and research, as for surgical training purposes.
(*?)

Much has been written on the subject of anatomical
variations of the muscles of the forearm to the fingers. The
main anatomical variations belong to the topographic zones
I to VII (fingers, hand and wrist), according to the functional
classification of C Verdan?3(*3), commonly in use in Ortho-
paedics, as reviewed by JA Clavero et al.?

The anatomical variations in the forearm compartment
(zones VIII-X), though not less frequent, are more rarely

2 (*) Doctors without anatomy are like moles. They work in the dark and
the work of their hands are mounds. (Tiedemann: Heidelberg, 1781—
1861).4

3 (*) C. Verdan’s topographic classification of anatomical zones, as es-
tablished in 1981, and modified by M.A.Wehbe (1995),° is nowadays
commonly in use in orthopaedic and reconstructive surgery. The study
of anatomical variants of the extensor tendons compartments is of inter-
est, not only for the clinical assessment and functional approach, as
discussed in the present article, but also and mainly, for the MRI assess-
ment and surgical approach of hand and finger injuries, as reported by
ZILBER (2004)% or MEHTA (2009).”
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Figure 2 — Verdan’s classification of the functional and topographic
zones of the extensor muscles of the forearm and hand (Drawing
adapted from Clavero’s, on Albinus’s plate @, of a dorsal view of
the forearm and hand. — ()= Distal Inter-Phalangeal Joint, drawn in
pink; (Il)= Middle Phalange , drawn in yellow; (lll)= Proximal Inter-
Phalangeal Joint, drawn in blue; (V)= Proximal Phalange, drawn
in green; (V)= MCP Joint, drawn in ocre; (VI)= Dorsum of Hand,
drawn in yellow; (VIl)= Wrist Extensor Compartment, drawn in vio-
let; (VIIl)= Extrinsic Extensor Tendons, drawn in cyan; and the ad-
ditional Wéhbe’s zones: (IX)= Intramuscular Tendon Compartment,
drawn in brown; (X)= Muscle belly Compartment, drawn in grey)

¥ 2 <

presented in modern studies. They are more difficult to de-
scribe but to our belief, they have the fundamental impor-
tance to underlie the functional and clinical variants of the
extensor mechanism of fingers in respect to their functional
ability. (Fig.2)

MATERIAL AND METHODS

The anatomical specimen in this case-report belongs
to a 73 year old male caucasian cadaver, previously em-
balmed through intermittent perfusion of a modified mixture
of Theile, and kept in high-freezing chambers, commonly
used in our Department, for conservation of donated ca-
daveric material.

Careful dissection of the dorsal aspects of the right fore-
arm and hand was performed by a group of three students
under our supervision, in one of the regular dissection train-
ing for teaching purposes. The superficial muscular and fas-
cial layers of the forearm, hand and fingers were examined
and the extensor muscles to the fingers were exposed from
their origin in the lateral epicondyle to the isolated tendons
in the fingers.

CASE REPORT

In February 2011, during one of the routine human ca-
daveric dissections, our attention was caught to the pecu-
liar anatomical finding of a variation of the muscle fibres
disposition of the Superficial Extensor Digiti Muscles in the
forearm of a human 73 year old male Caucasian cadaver.

During the thorough dissection work of the right fore-
arm, we clearly identified a thick bundle of muscular fibres,
bridging between the main muscular shafts of the Extensor
Digiti Minimi, and the Extensor Digitorum Communis Mus-
cles. This perfectly defined muscular expansion, of cc. 2 cm

Figure 3 — Muscular bridging expansion. Muscular bridging ex-
pansion between the main muscular shafts of the Extensor Digiti
Minimi and the Extensor Digitorum Communis Muscles, in the right
forearm of a 73 year old male caucasian cadaver. (The tweezers
point to a clearly defined bundle of muscular fibers connecting the
two main muscular bellies)

thickness, was obliquely directed downwards and outwards,
from the muscular belly of the of the Extensor Digiti Minimi,
to the main muscular shaft of the Extensor Digitorum Com-
munis. (Fig. 3)

The two main shafts of the superficial extensor digiti
muscles had a well defined independent trajectory shortly
after their common upper insertion in the lateral epicondyle
of the umerus, and the muscular bridging occurred in the
middle third of the forearm.

Around the upper third of the main muscles, a few other
smaller muscle fibre expansions connected the two main
muscle bellies. These were better defined, as all the fibrous
sheaths and fasciae were dissected, and the main muscular
bundles isolated and separated, with dissection tools (Fig. 4)

No such muscular disposition was observed in the left
forearm of the same cadaver and, in our series of more than
500 human forearm dissections, this is the first occurrence
of such anatomical variation.

We cannot consider this as a supernumerary muscle,
since no vasculo-nervous bundle was observed in relation
to the muscular expansion bridging.

DISCUSSION

In our series of more than 500 human forearm dissec-
tions, this is the first occurrence of such anatomical disposi-
tion.

Anatomical variations of the extensor tendons to the
fingers are frequently detected in the wrist, hand and fin-
gers compartments (zones |, Il and Il of the Verdan classi-
fication). We have often found variations in these compart-
ments, in our extended series of dissections of forearms
and hands in our yearly routine for teaching and research
purposes of the Anatomy Department of the New University
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Figure 4 — Muscular bridging expansion between the main belly of
the Extensor Digiti Minimi and the Extensor Digitorum Communis
Muscles, in the right forearm of a 73 year old male caucasian ca-
daver.(The dissection tools are used to deviate the two muscles,
to emphasize the presence of the thick bundle of muscular fibres,
bridging obliquely between the two main bellies of the muscles.
Shouldn’t this disposition be considered a new type of Junctura, the
Junctura Musculorum, in zones VIIl and IX of the extensor mecha-
nism of the fingers?)

of Lisbon.®

SR Nayak'® remarks, on this purpose, that ‘the extensor
compartment of the forearm is one of the regions of the hu-
man body with frequent variations of its content’. (**) Most
of these variations respect the distribution pattern of the ex-
tensor tendons to the fingers, as commonly reported in the
modern anatomical literature.'?'”

An interesting variant, frequently found in what regards
the extensor apparatus of the fingers, is the presence of in-
tertendinous connections (juncturae tendinum) between the
various extensor tendons, on the dorsum of the hand. Their
frequency is so high, that they were commonly depicted in
the earliest Anatomy books and drawings, such as Vesa-
lius (1543 - IXth and Xith Plates of the muscles),'® Valverde
(1566 - Libri 1l, Tabula IX & XV-Fig.XIX),'" Albinus (1747),2°
M Verdier (1751),% or Chaussier (1823).22 (*°)

Modern clinical Anatomy reports often refer the pres-
ence of tendinous slips between the extensor tendons on
the dorsum of the hand.

HP von Schroeder et al* classify these Juncturae Tendli-
num of the extensor tendons into three types: Type | junctu-
rae consist of filamentous regions within the intertendinous
fascia; Type Il consists of much thicker and well-defined
connecting bands; and Type Ill consist of tendon slips from
the extensor tendons and were subclassified into «y» or «r»
subtypes, depending on shape. In their series of 548 ca-
daveric hand dissections, Y Hirai et al?® found that the most
common pattern of intertendinous connections were clas-

4 (*) According to P. Daas (2012)," the extensor digiti minimi tendon
showed normal anatomy in only 20% of the 100 cases studied.

5 (*) Honoré de Fragonard’s meticulous dissections of whole bodies?
were kept since 1766 to the present days, in France, and his dissections
of forearms and hands clearly demonstrate the existence of junctura
tendinum between the extensor tendons of the IVth and Vth and of the
Ilird and 1Vth fingers, at the dorsum of the hand.

sified into Type | in the second intermetacarpal space, into
Type lll-r in the third metacarpal space, and into type Ill-y in
the fourth intermetacarpal space.

The functional importance of these juncturae would be
to strengthen the frail tendons of the extensor mechanism
of the fingers, at the cost of some loss of independence of
the V™ finger.26-%

What if the tendinous or muscular slips were more proxi-
mal, instead of distal, as is the case in discussion? Wouldn’t
this disposition confer more strength to V" finger, without
loss of gliding independence of the IV tendon?

As we expand our review of the anatomical literature,
to older anatomical notes, we discover a nearly forgotten
world of accurate and ‘picturesque’ descriptions of Miology,
which prove to be quite useful to a modern understanding
of the frequent anatomical variations found in cadaveric
dissections. We researched the works of some of the most
representative authors in Anatomy, from Leonardo da Vinci
(1508)*" to the present date, with JA Esperanga Pina.??

With this expanded bibliographic research, one can eas-
ily verify that the earliest texts provide the more extensive
anatomical descriptions, leading us to a collection of origi-
nal notes on the extensor muscles of the fingers.*

M Lieutaud (1776)* remarks that the Extensor muscle
of the V. Finger should be considered a dependence of the
common Extensor of the fingers. The two tendons have a
common origin and a common muscular belly that divides
shortly above the extensor retinaculum, to rejoin again, at
the metacarpal region, through a tendinous or fibrous slip.
Poissonnier (1783)3% and M Sabatier (1791)% offer the same
description: Both tendons have a common muscular belly
until the lower third of the forearm. (...) At the dorsum of
the hand, the extensor tendons of the fingers communicate
through thick oblique tendinous slips. Baron Boyer (1815)%
offers the description that most resembles our anatomical
variant, as he remarks that the medial margin of the muscu-
lar belly of the extensor digiti communis is strongly united to
extensor digiti minimi muscle, in the upper half of the fore-
arm, and the two muscles remain united in the lower half,
through some bundles of cellular tissue. X. Bichat (1823),%
on the other hand, remarks that the muscular fibres of the
Extensor Digiti Minimi are only separated from the muscular
fibres of the Extensor Digitorum Communis through fibrous
tissue.

None of the quoted works refer the presence of muscu-
lar slips between the two muscular bellies in the forearm.

Astonishingly, J Cruveilhier (1872)%* () includes, on this
6 (*) Quoting from the original edition of Cruveilhier(Pg.686) :

«Les tendons de I'annulaire et du petit doigt sont si intimement unis entre
eux par la bande fibreuse transversale située au-dessus de I'articulation
métacarpo-phalangienne, qu'il est bien difficile d’étendre isolément I'un
ou l'autre de ces doigts ; C’est la une des grandes difficultés du jeu des
instruments de musique, et surtout du piano. Les grands artistes seuls
parviennent, par un exercice continuel, qui doit commencer dés I'dge le
plus tendre, a obtenir I'indépendance de ces doigts ; encore n’est elle
Jamais complete.

L’auteur d’un instrument ingénieux destiné a obtenir cette indépendance

m’ayant consulté a ce sujet, je lui ai fait connaitre les dispositions ana-

tomiques qu'il fallait vaincre pour arriver a ce résultat ; son appareil me
parait atteindre le but autant que possible.»
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purpose, some remarks on musician’s hands injuries that
led us to conclude on the modernity and usefulness of our
present review, in consideration to repetition strain injuries.
His report on the Extensor muscles of the fingers and the
frequent finding of junctura tendinum is stunningly modern
in the sense that he includes several interesting remarks
on the functional anatomy of the human fingers and a sur-
prising historical note, with the mention of a musician who
consulted his advice on building a mechanical device to
exercise on the independence of the 4" finger, to improve
pianist performance. Even though these devices were com-
mon in the 19" century, the anecdote immediately reminded
us of Schumann’s hand injury, as particularly reported by
RA Henson & H Urich.*® This article led to an interesting
collection of postscripts,*™-* that we remember reading with
special interest on the British Medical Journal edition of
1978. Jonas Sén* reported several other cases, of musi-
cian’s repetition strain injuries.

Schumann’s hand injury is the paradigm of repetition
strain injuries frequently found in musicians, but also in
modern days, in computer and electronic devices users.

CONCLUSIONS

The interest of anatomical studies of the forearm mus-
cles has grown in modernity, since the advent of the com-
puting era, in the 20th century: Nowadays, every human
occupation involves the perfect accuracy of finger motion,
from the virtuous pianist, to the manual factory worker in the
assembly line, or even the modern intellectual who thrives
through long working hours on his laptop keyboard. Even
in their leisure times, many people now recur to computer
keyboards, either for playing games, or for internet naviga-
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