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The angle of muscle fibre insertion

Individual muscles vary in the arrangement of the fibres between tendons, the simplest
architecture being where the fibres lie parallel to the line of action of the muscle (parallel
muscle). Many muscles, including the four portions of the quadriceps, are pennate with the fibres
inserting into the tendons at an angle to the line of action of the muscle. In this latter situation the
cross-sectional area measured at right angles to the limb (anatomical cross-sectional area)
underestimates the true cross-section of the fibres themselves (physiological cross-sectional area)
(Edgerton, Roy & Apor, 1986). A change in this angle of insertion may alter the force measured
between the ends of a muscle. For the same length and anatomical cross-section of muscle an
increased angle of pennation can result in more contractile material being attached to a larger
area of tendon (Alexander & Vernon, 1975; Gollnick, Timson, Moore & Riedy, 1981). The
relationship between the force resolved in the tendon, the angle of pennation and the amount of
contractile material, is complex, Alexander & Vernon (1975) calculated that this force was
proportional to the sine of twice the angle of pennation. This model predicts that up to an angle
of pennation of 45 deg the force will increase. In the human quadriceps the angle of pennation
has been estimated to be about 13-18 deg (Alexander & Vernon, 1975). If, as a result of training,
there was a simultaneous increase in both the angle at which fibres attach to the tendon and their
cross-sectional area, the overall change in muscle cross-sectional area would be smaller than in
fibre area (Rutherford, 1986). At present it is not possible to measure accurately the angle of
pennation in vivo but an indirect way of investigating this problem would be to study the
changes occurring in a parallel muscle after training. In a parallel-fibre muscle the physiological
cross-sectional area can be estimated with reasonable confidence from the anatomical cross-
sectional area. The constituent groups of the forearm flexors are mainly parallel and the results
of studies training these muscle have given both qualitatively and quantitatively similar results to
that of the quadriceps (Ikai & Fukanaga, 1970; Davies et al. 1988) which would suggest that a
change in fibre architecture is not the major cause of the increased force-generating capacity

after training.



Yroa NMPUKPENJCHUA MBIINCYHLIX BOJTOKOH

CymectByer Oosblias Bapualsl MBI 10 PACHOJOXKEHUIO MBIIIEYHBIX BOJIOKOH MEXIY
cyxoxunusamu. Camasi mpocrasi apXUTEKTypa — 3TO apXMUTEKTypa, B KOTOPOH MBbIILIEYHbIE
BOJIOKHA PACIIOJIOKEHBI NapaJIJIENIbHO CYXOKHMIIUSAM (MBIIILBI ¢ HapauieIbHbIM PacloI0KEeHUEM
IIy4YKOB MBIIIEYHBIX BOJIOKOH). MHOTME MBIIIIbI, BKJIIOYAs YEThIPE YacTH YEThIPEXIJIaBOU
MBIl Oefpa, SIBJISIIOTCS BOJOKHAMM MEPUCTON MBIIILbBI, U COEIUHSIOTCA C CYXOKHJIMEM IOJ
YTJIOM K JJMHUU JEHCTBUS MBILILBI (YTOJ IEPUCTOCTH). B 3TOM cuTyaruu mioma s NonepeyHoro
CEYCHHS MBIIIIIBI, U3MEPEHHAs! TOJI MPSIMBIM YIJIOM K MBIIIIE (AHATOMHYECKHH TOMEPEYHHK),
HEJOOICHUBAET MCTUHHOE TIONEPEYHOE CEYEHHE CaMHX BOJIOKOH ((pU3MOJIOTHYECKUI
nonepeunnk) (Edgerton, Roy & Apor, 1986). U3menenue yria mepucToCcTH MOKET U3MEHHUTHh
CHIIY, U3MEPEHHYIO MeXJy KOHUAaMu MbIIIbl [Ipu To# ke camoi JuiMHE W aHATOMUYECKOM
MONEPEYHUKE MBIl YBEJIWYEHHBIH YroJl MEPUCTOCTH MOXKET TIPUBECTH K OOJbIIEMY
KOJIMYECTBY KOHTPAaKTHJIBHOTO MaTepuaia, NpPUKPEIUVIEHHOTo K Oosiee KpymHOM o0iactu
cyxoxwus. OTHOIIEHHS MEXAYy CWIOW CYXOXHIUSA, YIJIOM IEPUCTOCTH M CYMMOU
KOHTPAKTHJIBHOTO Marepuaia, cioxubel. Alexander & Vernon (1975) Beruuciamim, 4To 3Ta CHiia
MPONOPLUUOHATIBHA CUHYCY ABOMHOIO yIJIa MEPUCTOCTH. DTa MOJEIb MPEACKA3bIBAET, YTO CHJIA
MBIl OyAET yBETUYUBATHCS MOKA YTOJl MEPUCTOCTH HE NOCTUTHET 45 rpana. Y uenoBeka yroi
MEPUCTOCTH YETHIPEXTIIABOM MBIIIIIBI Oepa cocTaBisgeT nmpuoamu3uTenbHo 13-18 rpaa. Eciou Ob
B pE3yJbTare TPEHUPOBKU IPOU30ILIO OJHOBPEMEHHOE YBEIMYEHUE MU YIJIA MEPUCTOCTH U
IJIOIIAIM TIONEPEYHOI0 CEUEHHs MBIIIEYHBIX BOJOKOH, TO IIOJHOE€ WM3MEHEHHUE IUIOIIAIN
MOTIEPEYHOT0 CEYCHHs MBIIII ObLI0 ObI MEHBIIIUM, YeM IUIomaau BojokHa. Ceiluac HEBO3ZMOXKHO
U3MEpPUTh TOYHO YroJ TEPUCTOCTH B E€CTECTBEHHBIX YCIOBHUSX, HO KOCBEHHBIH CIOCOO
UCCIIEeI0BATh ATY MpOoOJIeMy COCTOsUT Obl B TOM, YTOOBI M3yYUTh U3MEHEHUS, IPOUCXOMSIINE B
MBIIIIE C MMApaUIeIbHBIM XOJI0M IIYYKOB MBIIIEYHBIX BOJIOKOH MOCJE TPEHUPOBKHU. B mpiiiie ¢
NapajuiebHBIM XOJ0M ITYYKOB MBIIIEYHBIX BOJOKOH (DU3HONOTHYECKU MOTEPEYHUK MOKET
ObITh OLIGHEH Ha OCHOBE aHATOMHUYECKOro mnomepeuHuka. OCHOBHbBIE CTHOATENH MPEAIIeUbs
SIBJISIFOTCS. MBIIIIIAMU C MAPAJUIEbHBIM X0J0M ITYYKOB MBIIIEYHBIX BOJIOKOH, TO3TOMY U3y4EHUE
pe3ylnbTaTOB TPEHUPOBKM ATUX MBI JOJKHBI JaTh KAadeCTBEHHO M KOJIMYECTBEHHO
pe3ynbTaThl, MOJOOHBIE TEM, B KOTOPBIX MPEANOJaraioch, YTO U3MEHEHHE B apXUTEKType

BOJIOKHA HE SBIIETCS IJTaBHOM HpH‘IHHOﬁ YBCIIMYCHHUA MOITHOCTHU MBIIIIBI ITOCJIC TPCHUPOBKHU.



