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Abstract
Posterior compartment of forearm and hand is among the most variable parts of the human body. During a routine
dissection, we found two anatomical variants in the right forearm and hand of an 84-year-old male cadaver including
the extensor indicis radialis and the extensor medii proprius associated with a fibromuscular slip. Histological
analysis using hematoxylin and eosin staining revealed that this unusual fibromuscular slip associated with the
extensor medii proprius was composed of dense connective tissue along with small amount of skeletal muscle fibers,
and the innervation from the posterior interosseous nerve. Based on the existing literature, a fibromuscular slip
associated with a hand extensor tendon on the dorsum of hand has never been reported. Further studies are needed
to clarify the evolutionary origin of this structure, although it resembles to a certain extent the dorsometacarpales, a
group of muscles that were once present in our mammalian ancestors.

Keywords Anatomical variations . Extensor indicis radialis . Extensor medii proprius . Hand .Muscles

Introduction

Posterior compartment of forearm and hand is among the
most variable parts of the human body. The lack of the
understanding of these variations could lead to false diag-
nosis and inappropriate treatment. A thorough understand-
ing of comparative myology is also critical for developing
hypotheses about the functional morphology of modern
human musculature. Numerous studies and meta-
analyses [1–5] have been conducted to study the anatomy
and the prevalence of variations in these regions including
the extensor indicis radialis (EIR) muscle, extensor medii
proprius (EMP) muscle, extensor indicis et medii
communis (EIMC) muscle, extensor pollicis et indicis

(EPI) muscle, and extensor digitorum brevis manus
(EDBM) muscle. Classification systems were also pro-
posed to systematically identity these variants [1, 6, 7].
According to recent meta-analyses [3, 4], the prevalence
of EMP, EIMC, EPI, and EDBM were 3.7%, 1.6%,
0.75%, and 4% respectively. The EIR is an extremely rare
variation which existed in only 0.2% of limbs [8]. These
variants are believed to be part of the extensor profundus
complex, a common digital extensor in the in the deep
layer of the posterior forearm muscle group, which vari-
ably exists in non-human primate species [9]. Despite the
considerable amount of literature studying the aforemen-
tioned variations, much less attention is given to the
dorsometacarpales, short digital extensors which were lost
in our adult ancestors approximately 250 million years
ago, within the transitions that led to mammals. They
are present as early as week 7 in human development
and normally disappear in week 11 of gestation, being
present in the common phenotype of human embryos
and early fetuses [10]. As noted by Čihák [11], the pres-
ence of the dorsometacarpales as separate muscles in adult
humans is very rare. To our knowledge, no single case of
the dorsometacarpales in adults has been reported in the
past five decades.
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In the present case report, we report two muscular variants
in the posterior compartment in a single forearm including the
EIR and the EMP that was associated with an unknown
fibromuscular slip.

Case Report

During a routine dissection at the Department of Anatomy,
Faculty of Science, Mahidol University, two muscular vari-
ants were observed in the posterior compartment of forearm.
The cadaver presented in this study was donated to our de-
partment with written consent obtained from the donor in
advance. Two anatomical variants were observed in the deep
extensor compartment of the right forearm and hand of an 84-
year-old male cadaver including the EIR and EMP with an
aberrant fibromuscular slip originating from the EMP tendon
(Fig. 1). Classification of these variants as the EIR and EMP
was based on a recent classification system proposed by
Georgiev et al. [6]. The EIR had a usual origin from the lateral
two-thirds of the ulna and adjacent interosseous membrane,
closely related to the origin of the regular extensor indicis (EI).
The length of the EI tendon was approximately 70 mm, while
the length of the EIR tendon was 80 mm. The EI and EIR
tendons were 8 mm and 5 mm in thickness at their maximum,

respectively. Both the EI and EIR tendons inserted to the
extensor expansion of the index finger on the radial and ulnar
side of the extensor digitorum (ED) tendon to the index finger,
respectively. The origin of the EMP was distal to that of the
EIR. The EMP tendon then continued distally to insert to the
extensor expansion of the middle finger, radial to the ED
tendon to the middle finger. The EMP tendon was approxi-
mately 4 mm in width at its maximum. The EI, EIR, and EMP
were innervated by the posterior interosseous nerve. In addi-
tion, a fusiform fibromuscular slip with a dimension of 35 mm
in length and 6 mm width was found originating from the
EMP tendon. It inserted to the dorsal aponeurosis of the mid-
dle finger, ulnar to the ED tendon of the middle finger.
Neurovascular bundle supplying the structure was derived
from the posterior interosseous nerve and vessels, which ac-
companied the EIR tendon and EMP tendon (Fig. 1a).
Histological analysis performed in both proximal and distal
halves of the slip by hematoxylin and eosin revealed the struc-
ture is composed primarily of dense connective tissue
(Fig. 2a), and at the distal end of the structure, there was a thin
layer of skeletal muscle fibers, as noted by the multinucleated
and striated fibers (Fig. 2b). Even though a portion of this
fibromuscular slip was distally detached , its tendinous
insertion at the dorsal expansion of the middle finger was still
intact. We thoroughly checked other parts of the body

Fig. 1 Dissection (a) and schematic illustration (b) of the right hand of an
84-year-old cadaver showing the presence of three variant muscles in-
cluding the extensor indicis radialis, extensor medii proprius, and the
fibromuscular structure. ED-II, extensor digitorum tendon to the index;
ED-III, extensor digitorum tendon to the middle finger; ED-IV, extensor
digitorum tendon to the ring finger; EPL, extensor pollicis longus; ECRB,

extensor carpi radialis brevis; EI, extensor indicis; EIR, extensor indicis
radialis; EMP, extensor medii proprius; EDM, extensor digiti minimi;
asterisk (*), the unusual fibromuscular structure; arrow heads,
neurovascular bundle supplying the fibromuscular slip; dotted line, the
location where histological staining was performed
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especially the upper limb, and we found no other variations or
anomalies.

Discussion

In the present case report, we have found two concomitant
variations which were found in the posterior compartment of
a single forearm. According to a recent classification system
by Georgiev et al. [6], the two muscular variants can be clas-
sified as the EIR and EMP. The EIR and EMP are well-known
variations, and numerous studies were conducted to study
their anatomy and prevalence in detail [1, 2, 4–6]. However,
very little is known about the unusual fibromuscular structure
originating from the EMP.

Based on the position and composition, this unusual slip
could be a remnant of a dorsometacarpales. The
dorsometacarpales do not normally exist in adult humans—
when they do, they are often designated as interossei dorsales
accessorii [11]. The dorsometacarpales are commonly present
in adult amphibians and reptiles and are thus part of the original
tetrapod Bauplan [10]. They lie at about the same level as the
one of the short extensors in the deep layer of the posterior
forearm muscle group, such as the extensor pollicis longus
and extensor indicis [10]. This finding could seemingly indicate

that this variant muscle does not truly correspond to the
dorsometacarpales, because it was noted that the interossei
dorsales accessorii usually are at the same level to the dorsal
interossei [11]. Moreover, the muscle presented in this study
was innervated only by the radial nerve, while the interossei
dorsales accessorii were described by Čihák [11] as almost
always innervated mainly by deep branch of the ulnar nerve,
although in some cases their innervation is by a communicating
branch between the deep branch of the ulnar nerve and the
radial nerve [11]. Therefore, either our findings indicate that
this is not truly a dorsometacarpales or, importantly, they might
put in question Čihák’s idea that the dorsometacarpales are part
of the intrinsic hand muscles. In fact, this has been a controver-
sial topic for centuries, and the current understanding on the
evolution and homologies of these muscles [12] does defend
that an overall analysis of the whole data available indicates that
these muscles are likely derived from the extensor forearm
muscles, not from the intrinsic hand musculature. If the muscle
found by us is truly a dorsometacarpales, as it seems to be, then
this hypothesis would be reinforced, not only by its overall
position and innervation by the radial nerve but also because
it is specifically originated from the EMP, which is part of the
deep extensor forearm musculature and normally innervated by
the radial nerve. It is also debatable whether at least some of the
interossei dorsales accessorii ofČihák [11] actually correspond
to the dorsometacarpales or correspond instead to variants of

Fig. 2 Histological appearance of
the fibromuscular slip by
hematoxylin and eosin staining
under low (a) and high (b)
magnification. M, muscle fibers;
DCT, dense connective tissue;
LCT, loose connective tissue;
BV, blood vessels; N, nerve
fibers; T, tendon; arrow heads,
multinucleation of skeletal
muscle fibers
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the dorsal interossei, although based on recent findings [10] this
option seems less likely.

Histological finding showed that the unusual fibromuscular
slip in our case report was composed predominantly of dense
connective tissue, while skeletal muscle fibers were only present
at the distal part in small portion (Fig. 2), supporting the idea that
the muscle is mainly an atavistic, probably not a fully functional
muscle. Although further evidence is needed, this observation
suggests the muscle might undergo an incomplete apoptosis at
some point during the development, leaving behind debris of
extracellular matrix. Regressive or hypoplastic form of the deep
hand extensor variants is in fact common [1, 2]. The regressive
forms of the muscle including fibrously reduced and scattered
muscle fibers were also reported in the interossei dorsales
accessorii described by Čihák [11]. The dorsometacarpales
muscles exist as a normal structure during the development,
but eventually regress as the development proceeds [10].
Persistence of some amount of muscle fibers beyond the embry-
onic stage might indicate its failure to undergo apoptosis and/or
be completely resorbed before birth. It is also worth mentioning
that this variant muscle resembles to a certain extent a lumbrical
as both have fusiform shape and insert to the dorsal aponeurosis
of the corresponding digit. That is, its position clearly shows it is
not part of the lumbrical layer, but it is plausible to assume,
based on these superficial similarities, that this variant muscle
may have a role in proprioception and joint positioning.

Awareness of anatomical variations on the dorsum of hand
is clinically important. Physicians and surgeons may neglect
or get confused by the presence of an unknown variant which
may lead to misdiagnosis and inappropriate treatment.
Supernumerary tendons including but not limited to the
EMP could be used as transfer tendons to restore hand exten-
sion function.

In conclusion, this study reports two rare muscular variants
in the posterior compartment of forearm and hand including
the EIR and the EMP accompanied by a peculiar
fibromuscular slip. Based on our observation and the data
available in the literature, this fibromuscular slip may corre-
spond to one of the dorsometacarpales, although further stud-
ies are needed to confirm this hypothesis. The presence of this
variant in the human body in general is crucial not only for
anatomists but also for evolutionary biologists and clinicians.

Acknowledgments The authors would like to thank Dr. Nutmethee
Kruepunga for helpful discussions and Miss Sirinad Tankruad for labo-
ratory assistance.

Author Contributions AS and RD conceptualized the study. LY and AC
performed the dissection and histological analysis. LY and AS drafted the
manuscript. All authors analyzed the data and critically revised the
manuscript.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Komiyama M, Nwe T, Toyota N, Shimada Y. Variations of the
extensor indicis muscle and tendon. J Hand Surg (Br). 1999;24:
575–8.

2. Suwannakhan A, Tawonsawatruk T, Meemon K. Extensor tendons
and variations of the medial four digits of hand: a cadaveric study.
Surg Radiol Anat. 2016;38:1083–93.

3. Yammine K. The prevalence of extensor digitorum brevis manus
and its variants in humans: a systematic review and meta-analysis.
Surg Radiol Anat. 2015;37:3–9.

4. Yammine K. The prevalence of the extensor indicis tendon and its
variants: a systematic review and meta-analysis. Surg Radiol Anat.
2015;37:247–54.

5. El-Badawi M, Butt M, Al-Zuhair A, Fadel R. Extensor tendons of
the fingers: arrangement and variations-ii. Clin Anat. 1995;8:391–
8.

6. Georgiev GP, Tubbs RS, Iliev A, Kotov G, Landzhov B. Extensor
indicis proprius muscle and its variants together with the extensor
digitorum brevis manus muscle: a common classification. Clinical
significance in hand and reconstructive surgery. Surg Radiol Anat.
2018;40:271–80.

7. Ogura T, Inoue H, Tanabe G. Anatomic and clinical studies of the
extensor digitorum brevis manus. J Hand Surg (Br). 1987;12:100–
7.

8. Yoshida Y. Anatomical studies on the extensor pollicis et indicis
accessorius muscle and the extensor indicis radialis muscle in
Japanese. Okajimas Folia Anat Jpn. 1995;71:355–63.

9. Suwannakhan A, Nontunha N, Meemon K. Complete extensor
digitorum profundus complex: a deep hand extensor muscle to the
medial four digits. Surg Radiol Anat. 2020;42:935–8.

10. Diogo R, Siomava N, Gitton Y. Development of human limb mus-
cles based on whole-mount immunostaining and the links between
ontogeny and evolution. Development. 2019;146:dev180349.

11. Čihák R. Ontogenesis and homologies of human carpal and tarsal
components. Ontogenesis of the skeleton and intrinsic muscles of
the human hand and foot. Berlin: Springer-Verlag; 1972. p. 12–49.

12. Diogo R, Ziermann J, Molnar J, Siomava N, Abdala V. Muscles of
chordates: development, homologies, and evolution. Florida: CRC
Press; 2018.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

SN Compr. Clin. Med.

View publication statsView publication stats

https://www.researchgate.net/publication/344402096

	Extensor Indicis Radialis and Extensor Medii Proprius Associated with an Unknown Fibromuscular Slip: a Case Report
	Abstract
	Introduction
	Case Report
	Discussion
	References


