I. V. Gaivoronskiy, A. A. Kurtseva
M. G. Gaivoronskaya, G. I. Nichiporuk

ANATOMY OF BONE SYSTEM
AHATOMVS KOCTHOM CCTEMBI

The manual for medical students

Yuebroe nocobue 01 MeOUUUHCKUX 681308
(cneyuanvHocmo «/AeuebHoe Oeno»

Cankr-IleTepbypr
CrnenAur
2014



YIK 611.71-72
A64

ABTOpBIL

Taiisoponckuii Mean Bacunvesuz — NOKTOP MeIUIIMHCKUX HAYK, Ipodeccop, 3aBefyo-
it kadeapoit Mmopdosoruu MeauiHCKOro dakyibrera CaHkT-IleTepOypreKoro ro-
Cy/IapCTBEHHOTO YHUBepcuTeTa 1 Kadenpoil HopMaIbHOM aHATOMUM
BoenHo-MeaunuHckoii akagemuu uM. C. M. Kuposa;

Kypyesa Anna Andpeesna — KaH[uaaT MEAUIMHCKUX HAYK, JOEHT Kadeapsl aHaTO-
MU YenoBeka Kypckoro rocyjapcTBeHHOIO MeJULIMHCKOTO YHUBEPCUTETa;
Tatisoponckas Mapus Teopeuesna — KaHAMIAT MeVLIMHCKUX HayK, IOLEHT Kadepbl
Mopdoorun MeauIUHCKOro Gpakynbrera CaHkT-IleTep6yprekoro
rOCYZIapCTBEHHOTO YHUBEPCUTETA;

Huzunopyx Iennaduii Hearnosuz — KaHAUAT MEUIIMHCKHX HAyK, IOLEHT Kadenps
Mopdoorun MeauIuHCKOro dakynbrera CaHKT-IleTep6yprckoro
roCyZIapCTBeHHOTO YHUBEPCUTETa

AHaTOMHS KOCTHO# CHCTeMBI : yieOHOe T0cobe 17t MeIUIMHCKUX BY30B /
A64 M. B. TaiiBoponckuii, A. A. Kypuesa, M. I'. TaiiBoponckas, I. 1. Huuunopyk. —
Cankr-IlerepOypr : CnenJlut, 2014. — 88 c¢. — ISBN 978-5-299-00639-1

JanHoe mocobue sBIISIeTCS aHIIMICKO# Bepcueit yuebHuKa npodeccopa Y. B. TaitBopoHCKoO-
ro «HopmasnbHast aHATOMUS YeloBeKa», KOTOPbIiA ObLT 3aaH B Poccuu 9 pa3 u ogo6per MuHm-
crepctBoM obpasoBanust Poccuiickoit @ezeparuu.

CrpyKTypa moco6ust COOTBETCTBYET COBPeMeHHBIM CTaHAaPTaM MeAULHCKOTO 06pa30BaHus
B Poccuy u BaxHelmum EBponeiickuM craHzapTaM. AHIJIMNACKAs U JTATUHCKAasA TePMUHOJIOTUS
[IPUBeJIeHbl B COOTBETCTBUY C MexXlyHapOZHOM aHaTOMUYeCKOY HOMEHKJIaTyPOU.

YAK 611.71-72
ANATOMY OF BONE SYSTEM
AHATOMUSA KOCTHO CUCTEMBI
The manual for medical students
Vze6roe nocobue 0515 MeOUYUHCKUX Y308
KomnbioTepHas Beperka [abepear E. C.

IMoxnucano B nevats 30.09.14. ®opmar 70x100 1/, .
Ileu. 1. 5,5.
Tupax 1000 5k3. 3aka3 N2

000 «M3patensctBo ,Cren/Int“».
190103, Caukrt-Iletepbypr, 10-51 KpacHoapmeiickas yi., 15
Ten./dakc: (812) 495-38-94, 495-36-12
http:/ /www.speclit.spb.ru

OtneyaraHo B Tunorpaduu «L-PRINT»,
192007, Caukr-Iletep6ypr, JIuroBckuii mp., 201, nut. A, nom. 3H

ISBN 978-5-299-00639-1

9 785

ISBN 978-5-299-00639-1 © 000 «M3parennscrBo ,CrientJIut“s, 2014

2997006391



CONTENTS

List of abDreviations . ... ....utun ittt e e e e 5
PrelaCe . oottt 6
1.General 0Steology . .. ...... ..ottt 8
1.1.BONeasanOrgam ..........ouiiiiiimmmnnniiiiiiaieieeeeeeeeeennnn 8
1.2. Classification of DONeS . . ...o vttt e 9
1.3. Internal structure of bones ............coiiiiiiiii 10
1.4. External structure of bones . ........oovtin it 12
1.5. Chemical composition of bone and its properties ....................... 13
1.6. Mechanical properties of bones ............ ... .. .. 13
1.7. Functions of SKeleton . . ..o oottt 14
1.8. Development of bones . ......... ... 15
1.9. Anomalies of bone development ..................ccciiiiiiiiiii... 18
TSt QUESLIONS . . o v vttt ettt et e e e e 18
Clinicoanatomical problem . ........... ..ot 18
2.SKkeleton of trunk . ....... ... 19
2.1. General vertebral features ...........c.oiiiiii i 19
2.2. Cervical VEIteDIae . . . oo ottt et e 20
2.3. ThOraciC VEIteDIae . . ..ottt ettt et et e e e et 22
2.4. Lumbar VEITEDTaE . . . oottt ettt e e 22

2. S SACTUIN . o ettt et e e e 23
2.6, COCOYX &ttt ettt e 25
2.7. Anomalies and developmental defects of vertebrae ..................... 25
2.8, RIS 26
2.9. Anomalies and defects in development of ribs ......................... 27
200, SteIMUIN . .ottt e e 27
2.11. Anomalies and defects of sternum development ...................... 28
TSt QUESLIONS . o v v vttt ettt e e 29
Clinicoanatomical problems ............ccoiiiiiiiiiii i 29
3.Skeletonofhead —skull ............ .. ... . . 30
3.1. General cranial features . .. ....ovou ettt 30
3.2. Principles of structure of skullbones .......... ... ... .. ..l 32
3.3. Bones of NeUrOCTaANIUIN . ..ottt ettt e et ee e e ie e 32
3.4. Bones of viscerocranium (facial bones) .............. .. ... o il 45
3.5.8kullasawhole ......oouiini i 53
3.5.1. NEUTOCTANIUIN . .ottt ettt et et ettt et et ettt et e i 54
3.5.2. VISCETOCTANIUIIL . .\ v vttt ettt et ettt et et ettt ettt e 59
3.6.Skull shapes . ........o.uiiii e 65
3.7.SKull Of NEWDOTINIS « .« o v ot e ettt e e e e e e e 65
3.8. Age specific changes of theskull ............... ... .. ... .. ... ..., 67
3.9. Sexual differencesof theskull . ........ ... 67
TSt QUESLIOTIS .« o v vttt ettt ettt e e e e e 68

Clinicoanatomical problems .............c.c.oiiiiiiiiie e, 70



4 Contents

4. The skeleton of theupperlimb ....... ... .. .. ... ... .. .. ... ....... 71
4.1. Bones of the sholder girdle .......... ... ... i 71
4.2. Bones of the free part of theupper limb .............................. 73

TSt QUESLIONS . . o v vttt ettt e e 78

Clinicoanatomical problems . ........... ..o 79

5.The skeleton of thelowerlimb ............. ... ... ... ... ... ..... 79
5.1. Bones of the pelvic girdle (pelvicbones) ............... ... ... 80
5.2. Bones of the free part of thelower limb ............................... 82
TeSt QUESLIONS ... 87

Clinicoanatomical problems ............ ..o, 88



LIST OF ABBREVIATIONS

A. a. — arteria

Aa., aa. — arteriae
Art.,art.,,  — articulatio
Artt., artt.,, — articulationes
For., for. — foramen
Gl., gl. — glandula
GIL, gll. — glandulae
Lig., lig. — ligamentum
Ligg., ligg. — ligamenta
M., m. — musculus
Mm., mm. — musculi

N, n. — nervus

Nn., nn. — nervi

R., 1. — ramus

Rr., 1r. — rami

S.,s. — sulcus

V., w. — vena

Vv., vv. — venae



PREFACE

Creation of the manual «Anatomy of Bone System» in English meets the require-
ments of modern Russian medicine and education. Nowadays, many English-speaking
oversea students study in Medical Universities of Russia. Besides, many Russian school
leavers have a good command of English, so they will be able to use this manual by tak-
ing into consideration the fact that many Russian medical specialists work abroad after
graduating from the universities or take part in different international conferences and
symposiums.

The English version of the manual is based on the Russian manual by professor
I. V. Gaivoronskiy «Normal Human Anatomy» which has been published in Russia
9 times and is approved by the Ministry of education of Russia.

This manual introduces the main principles of the Russian Anatomy School, such as:
detailed study of the general aspects and items of Anatomy including the development
of organs and anomalies of the development. If we compare theoretical approaches to
Anatomy in Russia and in other countries, we will see that our approach is based on the
system descriptions of organs, i.e. we describe separately the Skeletal system, Articula-
tions, Muscular system etc. Moreover, we use Latin terminology in describing the struc-
ture of organs, and discuss clinicoanatomical and functional problems. As for foreign
manuals, many of them describe Anatomical systems in accordance with the regional
and topographical principles.

The structure of our manual meets the requirements of modern standards of medical
education in Russia which, in their turn, correspond to the major European standards.
After each chapter, we give test questions and clinicoanatomical problems. The English
and Latin terminology is given in accordance with the International Anatomical Nomen-
clature.

The authers srongly believe that the manual will allow future doctors to form the
morphological foundation for the further study of theoretical and clinical disciplines.
We also hope that it will be of great help to Anatomy teachers.



INPEJUCJIOBUE

Co3nanue yue6HOTo mocobust «OCTeosIorHsi» Ha aHIJIMHCKOM SI3bIKe SBJISITCS Tpe-
OoBaHMEM COBPeMEHHOI CHCTeMbl MeAUIMHCKOT0 0O6pa3oBanus B Poccuu. B Hacros-
Iee BpeMsl B MeJUIMHCKUX YHUBEPCUTETAX HaIlell CTPaHbl 00YYalOTCA CTYZEHTHI U3
Pa3IMYHBIX PErMOHOB JiaIbHeTo 3apybexbsa. KpoMe TOro, MHOTHe BBINYCKHUKU POC-
CHUMCKMX IIKOJI XOPOIUO BJIZICIOT aHTJIMACKUM A3BIKOM, [I03TOMY OHU TaK XXe CMOTYT
II0JIb30BAThCA JAaHHBIM [OCOOMEM, NPUHMMAsi BO BHUMAHKe, YTO 3a4acTyl0 PYCCKHe
CIeLUAJUCThI B MeJIUIVHE [OC/Ie OKOHYaHUS YHUBEPCUTETA Ye3KalT paboTaTh 3a py-
Gex WM IPUHUMAIOT YYacTHe B Pa3IMYHbIX MeXAYHAPOJHBIX KOHMEPeHIUsAX U CHM-
no3uyMax.

AHrnmiickas Bepcus nocobus 6asupyercs Ha yuebHuKe mpodeccopa U. B. TaiiBo-
poHckoro «HopManbHas aHaTOMUSA 4YesloBeKa», KOTOPBIi ObUT u3naH B Poccun 9 pas
1 uMmeet rpud MuHucTepcTBa 06pasoBaHus Poccuiickoit Peneparmu.

JlaHHOe oco6ye MO3HAKOMUT YUTaTeIel ¢ IIaBHBIMY IPUHIMIIAMU Pycckoii AHa-
ToMu4ecKoit IIIKoIbl, KOTOpbIe 3aKII0YAOTCS B TOAPOOHOM M3y4eHUH OOLIMX BOIPO-
COB, B TOM 4MCJle Pa3BUTHUsA OPTaHOB U aHOMaIny pa3Butuda. B Poccuu npernosaBanue
AQHATOMUY BeZleTcs ¢ GYHKIMOHATbHO-KJIMHINYEeCKUX MO3ULHI U OCHOBAHO HA OIKCa-
HUM OPTaHOB II0 CUCTeMaM, T. e. OT/IeJIbHO U3y4aeTcsl ONOPHO-/IBUraTesIbHAS CUCTEMa,
apTPOCUH/ECMOJIOTHSA, MAOJIOTUSA U APYTUe CUCTeMbl. Takxe Ipy ONMCAHUN CTPOEHUA
OPraHOB aKLIeHTHPYeTCs BHUMaHME Ha JIATUHCKOW TePMUHOJIOrUU. ITO Kacaercs 3a-
pyOeXXHbIX PYKOBOZCTB IO aHATOMHUU 4YeJIOBeKAa, MHOTMe U3 HMX OCHOBBIBAIOTCS HA
pervoHanbHO-TONOrpadYecKoM IPUHIKIIe 6e3 UCI0Ib30BaHNS JTATUHCKON TepMUHO-
JIOTUN.

CTpyKTypa JaHHOTO [IOCOOUS COOTBETCTBYET COBPEMEHHBIM CTaHAApTaM Me/IHLIMH-
ckoro o6pa3oBanus B Poccuu, KOTOpbIe, B CBOIO OYepe/ib, COOTBETCTBYIOT BaXKHEHIINM
EBpomneiickuM cranzapram. I[Tocse KaX0H r1aBbl MBI IPUBOAUM KOHTPOJIbHBIE BOIIPO-
Cbl U CUTyaLIMOHHBIE KJIMHUYECKUE 3a/a4d. AHIIIMICKAA U JIATUHCKAA TePMUAHOJIOTUA
IIpYBeJieHa B COOTBETCTBUY ¢ MeXyHapOJHOM aHATOMUYeCKOM HOMEHKJIAaTypO.

ABTOpBI BBIPAXXAIOT YBEPEHHOCTD, YTO JJAHHOE M0COOMe MO3BOJIUT OYAYIINM JOK-
TopaM cpopmupoBaTh Mopdosorudeckuit GyHAAMEHT /i MOCHeAYIOmero n3ydeHus
TEOPeTUYeCKUX U KIMHUYECKUX AUCLUIUIMH. MBI TaKXKe HafleeMcCsl, YTO OHO IIpUHeceT
OIIpeZieJIeHHYIO N0JIb3Y U IIPeIo/iaBaTeNIsIM aHaTOMUH YeJIOBeKa.



1. GENERAL OSTEOLOGY

Osteology is the part of anatomy which studies bones. It is quite difficult to deter-
mine the exact number of bones, because their number changes with age. During life,
more than 800 individual bony elements develop, 270 of them appear in the prenatal
period, other ones appear after birth. The majority of individual bony elements fuse

Fig. 1.1. Human skeleton (frontal aspect):

1 — skull (cranium); 2 — vertebral column (columna
vertebrale); 3 — clavicle (clavicula); 4 — IV rib (costa
IV); 5 — sternum (sternum); 6 — humerus (humer-
us); 7 — ulna (ulna); 8 — radius (radius); 9 — car-
pal bones (ossa carpi); 10 — metacarpal bones (ossa
metacarpi); 11 — phalanges of hand (ossa digitorum
manus); 12 — ischium (os ischium); 13 — metatar-
sal bones (ossa metatarsi); 14 — tarsal bones (ossa
tarsi); 15 — tibia (tibia); 16 — fibula (fibula); 17 —
patella (patella); 18 — femur (femur); 19 — pubis (os
pubis); 20 — ilium (os ilium)

with each other, therefore the skeleton in
an adult person contains only 206 bones
(fig. 1.1). Apart from permanent bones,
there may be inconstant (sesamoid) bones
in mature age, their appearance is caused
by specific features of the body structure
and function.

The bones, together with their joints,
form the skeleton of the human body. It
serves as a place for start and attachment
of muscles, provides protection of visceral
organs and also carries out the form-
building and some other major functions.

1.1. Bone as an Organ

Bone, os, is an organ, which is a com-
ponent of the musculoskeletal system. It
has a typical form and structure, specific
architectonics of vessels and nerves, it is
constructed mainly from osseous tissue
covered with periosteum on the outside;
periosteumn containing inside bone mar-
row, medulla osseum.

Each bone has a certain shape, size and
location in the human body. The condi-
tions of bone development and functional
loads which bones are subjected to in on-
togenesis influence the morphogenesis of
bones. Each bone has a certain number
of blood supply sources (arteries), which
have specific extra- and intraorganic ar-
chitectonics. Nervous structures of bones
also have such features.

The bone is coated with periosteum on
the outside, except the surfaces and places
where articular cartilages are locted, and
where muscles, tendons and ligaments are
attached to the bone. The periosteum sep-
arates the bone from its surrounding tis-
sues. It is a thin sheath of dense connective
tissue which contains blood and lymphatic
vessels and nerves. The nerves penetrate
into the bone tissue from the periosteum.
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The periosteum, periosteum, plays a major role in bone growth at thickness and in
its nutrition. The osseous tissue is formed in the inner osteogenic layer of the perios-
teum. A bone lacking periosteum becomes inviable and necrotizes. The periosteum has
a rich nerve supply, therefore it is very sensitive. During surgical operations, doctors try
to maximally preserve the periosteum because of its very important role in reparative
processes.

Almost all bones (except for most of the skull bones) have articular surfaces for
junction with other bones. The articular surfaces are covered not with periosteum, but
with articular cartilage, cartilago articularis. The articular cartilage has a specific, non-
uniform structure: its superficial layer resembles a hyaline cartilage, the deep layer is
fibrous.

The majority of bones have bone marrow inside — in spaces between lamellae of
the spongy bone or in the medullary cavity, cavitas medullaris. The medullary cavity is
covered inside with a specific sheath which is termed endosteum — endosteum. The en-
dosteum, as well as the periosteum, plays a great role in metabolic processes in bones.

Bones of fetuses and newborns contain only red (haematogenic) bone marrow, me-
dulla ossea rubra. It is a homogenous red color mass, rich in reticulate tissue, blood cor-
puscles and blood vessels. The total amount of red bone marrow is about 1500 cm?. In an
adult, red bone marrow is partially substituted with yellow bone marrow, medulla osseum
flava, which is mainly composed of adipose cells. Red bone marrow is substituted with
yellow bone marrow only within medullar cavities.

1.2. Classification of Bones

It should be noted that there is no comprehensive classification of bones so far. For
this purpose, various criteria are used in most of manuals on anatomy. At the same time,
the principles of development and external structure features are often missed. Such
feature as the structure of bones has an important clinical value. It determines the level
of bone durability and specifications for treatment of injuries. In terms of phylogenesis,
taking into consideration the existence of acranial and cranial organisms during the evo-
lution, it is appropriate to divide bones into two groups: 1) bones of trunk and limbs; 2)
skull bones. These bones differ from each other not only in their development but also
in their structure.

According to the form and structure, four types of trunk and limb bones are distin-
guished: tubular, flat, volumetric and mixed bones.

Tubular bones have a cavity inside. They may be divided into long (humeral, forearm
bones, femoral, leg bones, clavicle) and short (carpals, metatarsals, phalanges) bones.

In long tubular bones, one size prevails over other sizes. The middle part — diaphy-
sis, diaphysis, (or body, corpus) of such bone has a cylindrical or triangular shape and
consists of compact tissue, substantia compacta. Within the diaphysis, the medullary cav-
ity is located. The bone ends — epiphyses, epiphyses, — are somewhat thickened. Their
surfaces intended for joining with adjacent bones are covered with articular cartilage.
On the inside, the epiphysises consist of spongy bone — substantia spongiosa, and on the
outside there is a thin layer of compact bone — substantia compacta. Long tubular bones
form the proximal and middle parts of the limb skeleton and play the role of leverages
actuated by muscles. Short tubular bones form the distal parts of the limb skeleton and
also consist of the middle part — the corpus and two ends called basis and caput.

Flat bones mainly consist of homogenous mass of spongy bone covered outside with
a thin layer of compact bone. In flat bones, two sizes (width and length) prevail over 1.3.





