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Abstract. This study presents a pedagogical approach for teaching the anatomy of hand
and foot muscles, emphasizing a three-vector symmetry in the superficial layer formed by the
opponens, flexor, and abductor muscles of the thenar and hypothenar groups in the hand, and
analogous medial plantar and lateral plantar groups in the foot. By leveraging symmetry (bilateral
and functional), asymmetry (chirality and structural variations), and concepts like equality,
identity, metamerism, and the spiral theory of the human body, this method enhances students’
understanding of anatomical organization and evolutionary significance. Comparative dissections
at the Department of Anatomy, Medical Faculty, Trakia University, reveal structural similarities
in muscle fiber arrangement and innervation patterns. Anatomical variations, such as the less
frequent presence of opponens digiti minimi and the rare opponens hallucis in the human foot, are
contrasted with their higher prevalence in certain primates, such as chimpanzees and gorillas.
This symmetry-based teaching strategy improves comprehension of functional adaptation,
biomechanical coordination, and evolutionary patterns, offering a robust framework for
anatomical education.
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NPENNOJABAHUE CUMMETPUU U ACUMMETPUU
B AHATOMMUWU MbIIII KNCTU U CTOIIbI

Annomayua. Hccneoosanue npedcmasinsiem neoazo2uyeckuii. nooxo0 K 00yuUeHuro
AHAMOMUU MbIUUY KUCTU U CMONbI, AKYEHMUPYs BHUMAHUE HA MPEX8eKMOPHOU CUMMEmpPUl
NOBEPXHOCIHO20 CI0S, CHOPMUPOBAHHO20 MBIUUYAMU ONNOHEHC, IeKCOp U AOOYKMOp MeHapHOll
U 2UNOMEHAPHOU 2PYNN KUCIU, d MAKICE AHANOSUYHBIX MEOUANbHOU U TAMEPATbHOU NIAHMAPHBIX
epynn cmonwl. Hcnonvzosanue npuHyuUnos cummempuu (08yCmopoHHell U QYHKYUOHATbHOLL),
acummempuuy (XUpATbHOCMU U CMPYKMYPHBIX 8aApUayull), a maxce KOHYenyuil paseHcmed,
UOEHMUYHOCIUY, Memamepuu U CHRUPATbHOU Meopull 4elo8edeckoeo meid Cnocoocmeyem
YyenybneHuro NOHUMAHUA CMYOEHMAMU AHAMOMUYECKOU Op2AHU3ayuy U 360JI0YUOHHO20
3Hauenusi. CpasHumenvuble OUCCEKYUlU, NpoeedeHHble Ha Kageope anamomuu Meouyunckozo
gakynomema Ynueepcumema Tpakuu, €viasunru CmMpyKmypHbvle CXO0OCMBA 8 PACHONONCEHUU
MbIUEYHBIX BO0JIOKOH U UHHepeayuu. Anamomuyeckue eapuayuu, makue KAK MeHee Hacmoe
npucymcmeue opponens digiti minimi u peokoe Hanuyue opponens hallucis 6 cmone uenosexa,
KOHMPACMUpyIom ¢ ux 8blCOKOU pacnpoCmpaHeHHOCMbIO y HEeKOMOPbIX NPUMAMO8, MAKUX KAK
wumnauze u 2opunnsl. JJaHnvlii n00X00, OCHOBAHHLIU HA CUMMEMpUU, VIyuuiaem NnOHUMAaHUe
@yuKyuonaneHou  adanmayuy,  OUOMEXAHUYECKOU  KOOpouHayuu U I80JIOYUOHHBIX
3aKOHOMepHOCmel, NPe0OCMABIAL HA0EHCHYIO OCHO8Y OJisl AHAMOMUYECKO20 00PA308aAHUS.

Kniouegvie cnoea: cummempus, DyHKYUOHATbHAS AHANO2US, NEOA202UYECKUll NOOX0O,
AHAMOMUSL MbIULY

Definitions of Symmetry and Related Concepts. Symmetry refers to the

balanced arrangement of structures around a central axis or plane, such as the
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bilateral symmetry of the human body, where left and right halves mirror each other,
ensuring balance and coordination (Palmer & Strobeck, 1986). Equality implies
equivalence in measurable properties, such as muscle size or fiber arrangement,
between corresponding structures in the thenar and hypothenar groups of the hand
or medial and lateral plantar groups of the foot. Identity denotes the shared structural
or functional essence of muscles, such as the analogous roles of opponens pollicis
(hand) and opponens digiti minimi (hand/foot) in facilitating opposition.
Metamerism describes the segmented, repeating organization of anatomical
structures, evident in the layered arrangement of hand and foot muscles across
superficial, intermediate, and deep layers. The spiral theory of the human body
unifies these concepts by proposing that human anatomy is organized along
dynamic, helical patterns that integrate symmetry, equality, and metamerism,
reflecting evolutionary adaptations in muscle and skeletal arrangements [5]. This
theory frames the hand and foot muscle groups as part of a broader spiral continuum,
connecting upper and lower limb structures through functional and structural
analogies.

Introduction.The muscles of the hand (thenar, hypothenar, central) and foot
(medial plantar, lateral plantar, central) are critical for precise movements, grip, and
locomotion. A three-vector symmetry in the superficial layer, formed by the
opponens, flexor, and abductor muscles of the thenar (opponens pollicis, flexor
pollicis brevis, abductor pollicis brevis) and hypothenar (opponens digiti minimi,
flexor digiti minimi brevis, abductor digiti minimi) groups in the hand, and the
medial plantar (abductor hallucis, flexor hallucis brevis, adductor hallucis) and
lateral plantar (abductor digiti minimi, flexor digiti minimi brevis, opponens digiti
minimi) groups in the foot, highlights their structural and functional correspondence.

Aim.This study proposes a pedagogical approach using symmetry,
asymmetry, equality, identity, metamerism, and spiral theory to teach hand and foot
muscle anatomy, simplifying complex relationships and enhancing learning.
Anatomical variations, such as the less frequent opponens digiti minimi and rare
opponens hallucis in the human foot, are contrasted with their prevalence in primates
like chimpanzees and gorillas. This approach aids students in understanding
anatomical, clinical, and evolutionary significance.

Materials and Methods. The study was conducted at the Department of
Anatomy, Medical Faculty, Trakia University. Comparative dissections of the
hand’s thenar (abductor pollicis brevis, flexor pollicis brevis, opponens pollicis,
adductor pollicis), hypothenar (abductor digiti minimi, flexor digiti minimi brevis,
opponens digiti minimi), and central (lumbricales, dorsal and palmar interossei)
muscle groups, and the foot’s medial plantar (abductor hallucis, flexor hallucis
brevis, adductor hallucis), lateral plantar (abductor digiti minimi, flexor digiti
minimi brevis, opponens digiti minimi), and central (lumbricales, dorsal and plantar

interossei) muscle groups were performed to analyze muscle fiber arrangement,
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origins, insertions, and innervation. A teaching strategy emphasizing the three-
vector symmetry in the superficial layer (opponens, flexor, abductor) and integrating
symmetry, equality, identity, metamerism, and spiral theory was implemented in
anatomy courses. Student performance and feedback were evaluated to assess the
approach’s effectiveness.

Results. Dissections of 4 male and 3 female bodies confirmed a three-vector
symmetry in the superficial layer of the hand’s thenar and hypothenar groups and
the foot’s medial and lateral plantar groups, where opponens, flexor, and abductor
muscles share origins from carpal/tarsal bones and flexor retinaculum/plantar
ligaments, with analogous insertions on metacarpals/metatarsals. In the hand, thenar
muscles are primarily innervated by the median nerve, and hypothenar muscles by
the ulnar nerve, exhibiting structural equality in fiber arrangement and identity in
opposition-related functions. In the foot, medial plantar muscles (innervated by the
medial plantar nerve) and lateral plantar muscles (innervated by the lateral plantar
nerve) show similar symmetry, though the opponens digiti minimi is less
consistently present and opponens hallucis is rarely distinct in humans. The central
groups in both hand and foot show metameric organization across layers, with dual
innervation (median/ulnar in hand, medial/lateral plantar in foot). The pedagogical
approach improved students’ understanding of muscle coordination and
evolutionary adaptations, with the symmetry clarifying functional and reciprocity.
Students showed better retention of anatomical details and biomechanical concepts.

Anatomical Variations and Primate Comparisons. Anatomical variations
in the hand’s hypothenar muscles are relatively common, particularly in the abductor
digiti minimi (21% absence or fusion) and flexor digiti minimi brevis (21% absence
or dual bellies), while opponens digiti minimi is more stable. In the foot, the
opponens digiti minimi is less frequently distinct, often represented by deep fibers
of the flexor digiti minimi brevis, inserting on the fifth metatarsal’s distal half. The
opponens hallucis is even rarer in humans, typically absent or fused with flexor
hallucis brevis, reflecting reduced need for hallux opposition in bipedal locomotion.
In contrast, primates like chimpanzees, gorillas, and baboons frequently exhibit
distinct opponens digiti minimi and opponens hallucis muscles, supporting arboreal
grasping and climbing (Diogo & Wood, 2012). Evolutionary studies indicate that
these muscles develop from conserved embryonic templates, linking their structure
to primate ancestry. These muscles are more developed in these species due to their
functional role in prehensile foot movements, highlighting evolutionary divergence
in human bipedalism. The pedagogical approach used these variations to illustrate
evolutionary adaptations, enhancing student understanding of comparative anatomy.

Discussion.The three-vector symmetry in the superficial layer of the hand’s
thenar and hypothenar groups and the foot’s medial and lateral plantar groups, rooted
in shared origins and innervation patterns, reflects bilateral symmetry and

metamerism.  Their  functional asymmetry—thumb/toe precision  versus
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palmar/plantar deepening—illustrates chirality, where hands and feet are mirror
images but non-superimposable [2]. The spiral theory unifies these observations,
suggesting that hand and foot muscles follow helical patterns, connecting upper and
lower limb structures through evolutionary adaptations [4]. This pedagogical
approach simplifies learning by presenting muscle groups as symmetrically
organized yet functionally distinct. Clinically, understanding innervation is critical
for diagnosing conditions like carpal tunnel syndrome (hand) or tarsal tunnel
syndrome (foot), where nerve compression impairs muscle function [3]. The
approach enhances memorization and deepens understanding of evolutionary,
clinical, and comparative contexts.

Conclusion. The hand’s thenar, hypothenar, and central muscle groups, and
the foot’s medial plantar, lateral plantar, and central muscle groups demonstrate a
three-vector symmetry in their superficial layer (opponens, flexor, abductor),
alongside functional asymmetry and anatomical variations. The opponens digiti
minimi and opponens hallucis are less frequent in human feet but common in
primates like chimpanzees and gorillas. By integrating symmetry, equality, identity,
metamerism, and spiral theory, this pedagogical framework enhances students’
understanding of anatomical organization, functional coordination, and evolutionary
significance, providing a model for effective anatomical education.
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