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AHHOTALUA

BBegenmne. AKTyalbHOCTh aHallU3a paclpesesieHHsT OpPraHoB (PYHKIMOHAIbHBIX
CUCTEM II0 YacTsAM Tejda 00yCJIOBJIEHA IOUCKOM MaTeMaTHYECKUX 3aKOHOMEPHOCTEH
JUIsL TIEpeXo/ia OT 3MIIMPHUYECKOr0 K TEOPETUYECKOMY 3Tally Pa3BUTHs AHATOMUHU
yesoBeka. Lleab nccjieoBaHus — BbISIBUTh 3aKOHOMEPHOCTH PACIIPENEIICHUS KOCTEN
0 4YacTsAM Tejla 4vesoBeka. Marepuaa M MeToabl. MarepuaioM HCCIEIOBAHMS
SBJISJTUCh KOCTHBIE CKEJIEThl M3 KOJUIEKIMM Kadeapbl aHaTOMHUU YE€JIOBEKa, a TaKxkKe
CBeJIeHUs1 y4eOHOW JuTeparypbl. BbUIM HCMONB30BaHBI METOABl KOJIMYECTBEHHOU
OLICHKM KocTed ckeneta. Pe3yabrarbl. BoigBiensl cooTHomenus: 1/2:1/2 mexny
MapHbIMHU JIEBBIMU M TMPaBbIMU KOCTSIMH OTHOCHUTEJIBHO CPEIWHHON CaruTTajibHON
mwiockoct; 1/2:1/2  Mexny mnepegHUMU M 33JHAMH  KOCTSAMU  TYJIOBUIIA
OTHOCUTEIBHO (PPOHTAIBHOM IIOCKOCTH NeEpes IMO3BOHOYHMKOM; 2/3:1/3 mexay
KOJIMYECTBOM KOCTEH BBIIIE W HMKE TOPU3OHTAIBHOM IUIOCKOCTH 4Yepe3 LEHTP
Tsokect Tena; 1/3:1/3:1/3 Mexay OceBbIM CKENeTOM U CKeJeTaMH BEPXHHUX |
HIDKHUX KOHEYHOCTEW. BbIBOABI. BBIABICHHBIE COOTHOIIEHUS PpPacCHpeaeICHUs
KOCTEH B YACTSX T€Ja OTHOCUTEIBHO TPEX IJIOCKOCTEW 3—X MEPHOro0 NMpOCTPaHCTBA
ABJISIFOTCSL MPOSIBJIEHUEM OJHOTO M3 OCHOBHBIX E€CTECTBEHHOHAYYHBIX IPHUHIIUIIOB
Oanmanca (rapmoHuu, cummerpun). [IpakTudecku 3TO CBsizZaHO C OOecleYeHHEM
paBHOBecHs Tela B IOKOE W NpU JABWXKEHUAX. WX criemyeT paccMaTpuBaTh Kak
aZanTaly 3BOJIOLMOHHOTO Pa3BUTHS, CBSI3aHHBIE C MPSIMOXO0KICHUEM YEJIOBEKA.
KiroueBble cJjioBa: yacTh Tela 4YeJNOBEKa, paclpeselieHne KocTed, Oanauc,
CUMMETpPHUSI, CETMEHTAPHOCTb.
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Abstract

Introduction. The relevance of the analysis of the distribution of organs of functional
systems by body parts is due to the search for mathematical patterns for the transition
from the empirical to the theoretical stage of development of human anatomy. The
purpose of the study — to identify patterns of distribution of bones in parts of the
human body. Material and methods. The material of the study was bone skeletons
from the collection of the Department of Human Anatomy, as well as information
from educational literature. Methods were used to quantify the number of bones in
the skeleton. Results. The following ratios were revealed: 1/2:1/2 between paired left
and right bones relative to the median sagittal plane; 1/2:1/2 between the anterior and
posterior bones of the body relative to the frontal plane in front of the spine; 2/3:1/3
between the number of bones above and below the horizontal plane through the
center of gravity of the body; 1/3:1/3:1/3 between the axial skeleton and the skeletons
of the upper and lower extremities. Conclusions. The revealed ratios of the
distribution of bones in body parts relative to three planes of 3-dimensional space are
a manifestation of one of the basic natural science principles of balance (harmony,
symmetry). In practice, this is connected with ensuring the balance of the body at rest
and during movements. They should be considered as adaptations of evolutionary
development associated with human bipedalism.

Keywords: parts of the human body, distribution of bones, balance, symmetry,
segmentation.

INTRODUCTION

The main subject of study and teaching of human anatomy are organs located
in parts of the body and included in functional systems. The human body is a
complex structure made up of its parts with organs, tissues and cells inside. In
teaching of Human Anatomy much attention is paid to a qualitative anatomical
description of the external and internal structure of organs. The quantitative
relationships of organs and body parts are selectively mentioned as examples of
individual variability. The relevance of the analysis of the number of body parts and
the number of organs in these parts is also due to the search for mathematical patterns
for the transition from the empirical to the theoretical stage in the development of the
science of human anatomy.

The skeletal system, which consists of bones, serves as the framework of the
body and supports its weight. In this report, we discuss the number of bones in
different parts of the body and their ratios. The goal was to study and identify
patterns of distribution of bones in parts of the human body for to understand better
the balance and symmetry of the human body.

The discussion highlights the proportion of bones in different parts such as the
head, neck, trunk, arms, and legs, and their symmetrical and asymmetrical
characteristics. The authors also suggest that these ratios may be related to natural
science principles and adaptations of evolutionary and individual development.
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The purpose of the study — to identify patterns of distribution of bones in
parts of the human body.

MATERIAL AND METHODS

When performing this work, methods of quantitative assessment, comparison
and analysis were used. The material for the study was preparations of the bone
skeleton system from the collection of the Department of Human Anatomy, as well as
information from educational literature and Internet resources describing the number
of bones in various parts of the body [1,2]. To identify the distribution of bones in
parts of the body in an adult, tables and diagrams were compiled. The ratios between
the number of bones located in the axial and accessory skeletons, as well as paired
and unpaired bones, anterior and posterior bones of the axial skeleton relative to the
three main planes of the body were also determined. We were also interested in the
change in the number of bones along the length in the axial and accessory skeletons.

RESULTS

The number 7 has significant importance in the division of the human body
into different parts. The human body may be divided into 7 parts: head, neck, trunk,
right arm, left arm, right leg, and left leg. The arm is subdivided into 7 parts, and so is
the leg. In the upper limb they are upper girdle, shoulder, elbow, forearm, carpus,
metacarpus and fingers. In the lower limb they are pelvic girdle, thigh, knee, lower
leg, tarsus, metatarsus and toes. The hand and foot are also divided into 7 parts each
one. So for the convenience of study, the authors propose to distinguish seven parts
of the body as a whole, as well as seven parts for the upper and lower extremities, and
seven parts for the hands and feet.

It is well known that the total number of bones in an adult is 206.

The axial skeleton has 73-80 bones, which is approximately 35% of the total
number of bones in the body. The bones in the arms and legs represent approximately
31% and 34%, respectively. So the ratio of the number of bones of the axial skeleton
and the additional skeleton is approximately 1/3:2/3; and the ratio of the number of
bones of the axial skeleton, upper and lower extremities is approximately 1/3:1/3:1/3;
relative to the horizontal plane through the center of gravity of the body 2/3:1/3.

We can call the paired bones to be symmetrical and the unpaired bones as
asymmetrical. In the axial skeleton, there are 16 symmetrical and 7 asymmetrical
bones in the head; all 8 bones in the neck are asymmetrical, while 24 bones in the
trunk are symmetrical and 19-26 are asymmetrical. In the limb skeleton, all 64 bones
in the arm and all 62-66 bones in the leg are symmetrical. The ratio of the number of
paired (right and left) bones in both the axial and limb skeletons is 1/2:1/2; the ratio
of paired and unpaired bones in the axial skeleton is also approximately 1/2:1/2.

The ratio of the number of anterior and the number of posterior bones in the
axial skeleton approaches 1/2:1/2.

Along the vertical of the axial skeleton, a wave-like (sinusoid curve) change in
the number of bones in parts of the body was revealed with maxima in the head and
chest, minima for the neck and abdomen with the pelvis.

For the additional skeleton, a sharp increase in the number of bones in the
distal sections (hand, foot) was revealed, compared with the proximal ones (exponent
curve).
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DISCUSSION

From the results of the study, a convenient classification is proposed for
studying body parts. It is also proposed to introduce the concept of complex bones
consisting of simple bones into the teaching of anatomy.

Identified symmetrical ratios of the number of bones relative to the median
sagittal plane 1/2:1/2 and relative to the frontal plane 1/2:1/2, as well as 2/3:1/3
relative to the horizontal plane through the center of gravity (second sacral vertebra),
— due to the provision of balance of the body under the action of gravity on the
surface of the Earth, as well as an example of the manifestation of the general
principle of symmetry (balance) in nature.

CONCLUSIONS

1. For the study of human anatomy, a convenient division of body parts is
proposed; and also to distinguish complex bones, which consist of several simple
bones; there is a difference in the number of bones and their names due to repetitive
terms.

2. The distribution of bones in parts of the body and their ratio in the axial and
accessory skeletons have been studied. The results showed that the human body is an
example of balance and symmetry, as well as a segmental structure. The revealed
guantitative ratios of bones in different parts of the human body are a manifestation
of the basic natural science principles of balance. They can be associated with the
types of symmetry (central and bilateral) and segmentation of the body, the balance
for bipedalism in human evolution.
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