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- U1VIl1~'1 (black pain) 

- m::~n"r'l~lJ (osteoporosis) 

- LrhVi (gouty arthritis) 

- <ffm~fllJ (osteoarthritis) 
X 

- LlJeJ.:mnm::~n (bone tumors) 

- m::~n~n (fracture) 

- cVflVI')Vi/LA~fllJ (dislocation) 

- nTH-h~VILL'!JlJLL~::'ln (amputation) 

- 1'll~lJVI~'IU1VIL~tJ (spinal cord injury) 
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- m::~m)m~tJ~VIL~fl (osteomyelitis) 

- <ffmi'm~tJ~VIL~fl (septic arthritis) 
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2. bf1~~G'I~1~LLflt'Vt'U1'V1'1Jel~~ttJtJmt~nLLfltnfl1l.JL'Uel 
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3. rn~tl~tLi'J'UG"~mYi~U1EJ~ttJtJmt~mLrttn~1l.JLifeJ 
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6.1 rn~YiE.I1tJ1fi~U1EJ 1 ~mttJtJmt~mLrttn~1l.JLifeJ"ii1nrn~hl~~L:fieJ 
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- ti1~'VI~~ (back pain) 

- mt~n'Vi~'U (osteoporosis) " . 
- Lti1'Yi (gouty arthritis) 

- -ifm~eJl.J (osteoarthritis) 
.r 

- L'Uel~eJnm~~n (bone tumors) 
" 

- mt~n~n (fracture) 
" ... "" - '1J£l'VI"l~/LA~el'U (dislocation) 

- rn~~.h~~LL'1J'ULLfi~'1J1 (amputation) 

- L'1J~'U'VI~~tJ1~L~tJ (spinal cord injury) 

6.2 f11 ~'Vi E.11tJ1fi~U1E.I 1 ~A~~tJtJ m~V1nLLrt~n~1l.JL ifeJ"ii1 n f11~~~ L :fieJ 
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- mtt:]neJnLG'ItJ~~L:fieJ (osteomyelitis) 

- -ifeJeJnLG'ItJ~tilL:fieJ (septic arthritis) 

6.3 ~1 eJ~1~-ifeJ1ii"iiuEJrn~Yi EJ1tJ1fi~U1EJ 1 ~A~~tJtJm~~ mLrtt n~1l.J L iJeJ 
" " 
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LA~tl'U 1 VI1'1J'tl\11J'U~EJ ~'tl\ltl1Pl ~ n11vi1\11'U~11J tl'U'lJ'tl\11~UU'El1 ~1~~~1f'lru ~\ldn11 LA~'tl'U 1 Vl1 'tl1Pl~ n11 
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" "' 'U , , 
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L~uth~~1~hA1l~L ~'~ Vl~t~-ffm~t~1Jm1l1~ LU'U~'U 
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.J IV ...:::. ~ ll J/ .J '1 II .:::1' '1t) V 1 .o, .o, < 
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" ~:hi'Yl~1LL~1 ~1LU'U~'tl\li'lfl111l~fl111lL-ff11'1LM~1tlU~1LVI~ 'tl1n1~ tl1n1~LL~Vl\l n1~'lh~LU'U~fl1'V'l LL'U1 

vmm~rn~1 L~m111 tlth~ LU'UU~IVI1fl11~~'llm'V'l'll'tl\l~th~ LL~~~11l1~m1\ILL~'U 1 ~f11~'Y'l~1u1~ LL~~~uvl 
lit:: , " " 

~m'V'l~th~ 1~mh'ln n~t~\1 LL~~ L Vlm~~l.l L ~ t1 1 ~~th~VI1 ~:u1 n L1ALL~~n~u?i~m'V'ltln~ hl LnV1fl111JYl m1 
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LL~~l.J !"1 (Ufi1'V'l'1l1 ~'YlVl V111J1J 1 

1 'UL'tln~11th~ nt~um1~t~'Umrud'l~ mh1 fi'l m1 L ~uth moEJu'V'l ~'U 1 m]l'l LL~~ L{t~r\IL1Fl~~uum~V1 n 
" " LL~~n~11lLi'i'El~'V'lU'U'tl~ LL~~-;j1LL'Unm1l~1LVI~n11Ln~~11l test blueprint '1J'tl\l~fl1n11'V'l~1U1~ LLU\ILU'U 2 

th~Lfl'Yl 'lh~nt~U~1~ 1) n11L~uth~hm~uum~~mL~~n~11JLdt~'l1nm1hi~VJL<fft~ 1~LLri black pain, 

osteoporosis, gouty arthritis, osteoarthritis, bone tumors, fracture, dislocation, spinal injury 

LL~~ 2) n11L~uth~hm~uum~~mL~~n~11JLdt~:u1nf111~~L<fft~ 1~LLri osteomyelitis LL~~ septic 

arthritis 



- - ., ~ ..., u ~ q ..., .:::11..., .. 
n1fl1111f'ILL~tlUJ1i5"'111'Vi'Ua.:~·n:uum::~m.L~::mmJL'\Ja (uo:~a':i il1~'Vlww, 2550; 1-:i':iru "'~'~EJ11?ll'IJ, 

2553; ~111'1u L~El8'4Qfl, 2551; Marieb, & Hoehn, 2010) 

1m~"'~1.:1'lleJ~':i:::'Uum:::(;lmLfl:::n~1m-d'm.h:::nau~1EJmt(;ln (skeleton) .Ua (J'oint) n~1l.lLCa 
~ ~ 

(muscles) LLfl:::L-d'm~m~EJ"l~'\J (connective tissue) L'li'IJ m:::~mia'IJ (cartilases) LB'\J (tendons) LLflt 

LB'IJEi{;Jm::~n (lisaments) 

Lf'l~.:~"'i'1o:~'Ua·m~~fln m:::{;ln'lJa~l.J'U~eh~~~1~mEJija~~~~'U 206 ~'U LLU~aamtl'U 2 mil-lfia 
\1 " " \1 " 

1. n~tflnLLn'\J (axial skeleton) LU'ULI"l':i~n':i:::(;ln~LU'ULLn'Unfl1~'1Ja~~1~n1EJ vi1'1·'11J1~~TOJ'ULLfl::: 
v ~ ' 

ila~n'UeJ'UI'I':i1EJLVlLLria1EJ1tri1~ClJI11ElL'U~1-:~mv ij..j1'\J1'\J~.:I~'U 80 ~'U 'th:::nau~1EJ 
1.1 n~[uanfoh-1!1~ (skull) ij..j1'U1'\J 29 ~'U 

1.1.1 m:::(;lnn:::1'1-mnPh~::: (cranuim) ij..j1'\J1'\J 8 ~'\J 1~LLri m:::(;lmnh:.nn (frontal bone) 1 
~ ~ 

~'U n':it(;lf1oU1~~':i~::: (parietal bones) 2 ~'U m:::l'lnoU1~~':i~::: (parietal bones) 2 ~'U m:::l'lf1Yl1EJ'VleJEJ 
~ ~ ~ 

(occipital bones) 1 ~'U m::~n'll:U''U (temporal bones) 2 ~'U m:::~n~Ll~L~a (spl:lenoid bone) 1 ~'U 
LLfl:::mtl'ln111iW'U~l.ln (ethmoid bone) 1 ~'U 

" " 
1.1.2 m:::l'ln~th:::na'ULU'UL'UVIU1 (face) ij 14 ~'U MLLri m:::(;ln~'U~l.ln (nasal bones) 2 ~'U 

~ ~ ~ 

m:::~nm~nf11~~l.Jf1i11EJL'U (vomer bone) 1 ~'U m:::~n.U1~L'U~l,jn (inferior conchae) 2 ~'U m:::~n.U1~ 
~~J11'11 (lacrimal bones) 2 ~'U m:::~nLVI'UflLLtll.J (zysomatic bones) 2 ~'U m:::~m'Y'l1'11'\J (palatine 

bones) 2 ~'U m:::l'ln'll1n':i':i1mu'U (maxilla bones) 2 ~'U m:::l'ln'll1m':i1m~1~ (mandible bone) 1 ~'U 
~ ~ 

1.13 m:::l'ln~mJmv1'UVI~1'Uf1f11~ ij 6 ~'U 1~LLri m:::l'lm'llA'a'U (malleus) 2 ~'U m:::l'lmtl~~ 
\I \1 " \1 \1 \1 \1 

(incus) 2 ~'U m:::~n~tlLnfl'UlJ1 (stapes) 2 ~'\J 
1.1.4 m:::~nLI"l'Ui'U (hyoid bone) ijli\'1'U1'\J 1 ~'U 

1.2 n~~V~nifuua"'v (vertebrate) ij..j1'\J1'\J 26 ~'U LLU~aamtl'U m::l'lnVI"'~m~l"la (cervical 
v ~ 

vertebrate) ij..j1'\J1'\J 7 ~'U m:::l'ln~'UVI"'~~'~':i~vn (thoracic vertebrate) ij..j1'\J1'\J 12 ~'U m:::l'ln~'UVI~~ 
~ ~ 

m~Lm (lumbar vertebrate) ijli\'1'U1'\J 5 ~'U m:::~nm::m.J'ULVIU'U (sacrum) ij~TW1'\J 1 ~'U m:::l'lnnu 
~ ~ " 

nu (coccyx) ij..j1'\J1'\J 1 :S'U 
1.3 n~~VIn;Jrfl~v (ribs) ij..j1'\JTU 24 :8''\J 

v 

1.4 n~~fjnEJn (sternum) ij..j1'\J1'\J 1 ~'U 
( . )iJ" ..ld ov ...... ..~:: 2. m::~mtfl1.:1 appendicular skeleton L 'Um:::~n'VlL'IleJl.JI'IeJn'Um:::~mLn'U l.JVI'U1'V11"11~'\JLLfl::: 

L~m.Ua~num':iLI"l~a'U1VI1"tleJ~~1~mv ij..j1'\J1'\J~~~'U 126 ~'U 't.l':i:::nau~1EJ 



m~~n'UeJ.:!LL'U'U (upper extremities) il"ii1'U1'U 64 ~'U ('!!1-:!f:l~ 32 ~'U) mJ.:!veJnLU'U m~~n 
"'~un (scapula) 2 ~'U m~~nhnJG'11'~'1 (clavicle) 2 ~'U m~~n~'ULL'U'U (humerus) 2 ~'U m~~mJf:l1CJ 

v'U 'U 11 ".., 

LL'U'U~1'U'Uvn (radius) 2 f!iu (eJ~'Vl1.:!~1LLl-lilv) m~~m.lf:l1CJLL'!J'U~1'U1'U (ulna) 2 f!iu (eJ~'Vl1-:!U1fleJCJ) 
~ ~ ~ 

m~~n.Uvilv (carpals) 

16 ~'U m~~n~1iltJ (metacarpals) 10 ~'U m~~n-d'1i1tJ (phalanges) 28 ~'U 
m~~n'Utl.:!'U1 (Lower extremities) il"ii1'U1'U 62 ~'U ('!!1-:!f:l:! 31 ~'U) LLU.:!tltlnLU'U m~~n~'U'tl1 

~ . ~ 

(femur) 2 ~'U m~~n"'~u1 (patella) 2 ~'U m~~nVI'U1LL'li'.:! (tibia) 2 ~'U m~~m.ltJ.:~ (fibula) 2 ~'U 
~ ~ ~ 

m~~n'!Jm.X1 (tarsals) 14 ~'U m~~n~1L.X1 (metatarsals) 10 ~'U m~~n-d'1L.X1 (phalanges) 28 ~'U 
~ ~ ~ 

m~~mf!i.:~m1tJ (pelvic) 2 ~'U 
~ 

nT~"ii1U.'lmm~~n (classification of bones) 

1) m~~ne.111 (Lono bones) LU'Um~~nrnm~CJ1.:J (extremities) il~n~ru:mJCJ11 ~1'UI'!1.:Jnf:l1.:J 
'U ~ 'U 'U 

L~CJ1fltl~LU'UvJtlnf:l1.:! L~CJn11 shaft 

2) m~~n~'U (short bones) LU'Um~~nvltJ'U~'U 'l tl~~ntJ'U~1CJm~~n'Vl~'ULLG'l~m~~nViu 
3) m~~mL'U'U (flat bones) ~n~ru~LL'U'U 'U1.:J tl~~ntJ'U~1CJm~~n 3 ~'U iuuvmLf:l~-&u1uLU'U 

~ ~ 

cf t ·~ 
m~~n'Vlu 'IJ'Uf1f:l1.:JLU'Um~~n'Vl~'U 

~ ~ , 
4) m~~mLtlf:ln (irregular bones) ~ti11.:Jvl1.:J 'l nu 

m"IL~~qJL;iu L"'!JtJ.:!m~~n (bone growth) m~G1~1-:~m~~m~ll~uvr.:~LLvieJ'.:~ L U'U'Vl1~n 1 'Ufl~~.n LLvl'OJ~ 
1 <ffL 1f:l1'U1'Wn11'0J ~ LG1~'0JG1llmru 1 u'tb.:~ LL ~n 1m.:~m~ ~ ntl~~ nBul'l1 m dm~B m~~ n~tJ'U ~.:~ L uu LLl-1 LL uu'UtJ.:J 

~ ~ ~ 

m~~n'Vln'!Jii~ ilm1ll~~'VI~'ULLG'l~G11ll1~mti~CJ'U~t111'1 L~tl.:J'OJ1m!-:~1l.li1Ldo11'1ll1G1~G1ll Lifm~vd'OJ~ReJCJ 'l 
'U "' , " "' dv % d d ~ ~ .J~ • .., 1 o .:f 

ClnLL'Vl'U'VlmCJL'UeJLC.Itln';i~~n'VlLL'U.:JLLG'l~'Vl'U'Vl1'UlJ1f1'U'U~1'Un'i~'U1'Un1~'VlL~C.In11n1~G1~1.:Jf1~~~n 'U'1J1.:J'U'OJ~ 
" " 'U -

· LnMu6 L~llG1~1.:~ m~ ~ n:ffu~~1'U'VI'U1'UtJ.:~m~ ~ n~B'U ~.:~ L'llf:l~m~ ~ n~e1'-:!vh-:!1tJtJFi'OJ~ll1~1ll ~thnuL uu 
" 'U 'U 'U \i 

Lf1'W1hEJ~'U'Vl~V'lJB.:Jm::~n LLmdhL 1cr11'lll1"'~"'ll1 'UL1~1vltlll1 i'1'UEJL~lJ"'~1-:~m~~n1 'U~~CJ~ LL ~ntl~1nf'l:fftJ 
'U "' 'U 'U ~ 

'Uru~L U'U'Vl1~n 1 um~n LLI'I"l. u'tl1.:~1e.~ L~n'OJ~ Ln~i'l'UV L~:UG1~1.:~ m~~ n~mL v!.:~:ffu ~.:~·yh 1 ~m::~n L 'OJ1n1:ffu~.:~ 
'U 'U \.1 ':t~ 

( ) 
.. ~ cl ~ d o 

1'111lJCJ11LLG'l~'U'U1~ m~~ne.111 Long bone lJI"n1lJ'Vlbi'1~L'Utl.:J'OJ1n'U~L1ru'Vl'VleJ'Unm.:~'Uv.:Jm~~n 

(diaphysis) u~~1ilunuvlv'UUn1CJ 2 l'i'1'U'UeJ.:Jm~~n (epiphysis) tTu 'OJ~ilm~~n~eJ'U~L'OJ1qJLL~1 ~wh1 ~ 
Ln~m ~~~1'11'UeJ.:Jm~~n 1 u1CJ L~n u1 nruL 'VI~1d'OJ~i.'1~1-:~m~~ n 1 u1 CJ L'OJ1nl~tJlh vl1tTum e.~1~~'Vl5'Y'In'UeN 

~ ~ ·~: 

UeJTilJ'U ~.:! L U'Ut>i''J n1'VI'U~~~CJ~~'Ui.'1~n1~~'0J1n I L~'U L\01 LLn~'U'U1~ L\Oib~:u1 C.I'UeJ-:1 LLvin~'Uflfln lJ'Jn m~ ~ f1rleJ CJ 'l .. ~~~ , 'U 

L'rlll:ffu1u'tl1.:~1m~mL~~~.:~L~llll1n:ff'U1'U1CJ1u L~eJB1mn'U 30 tJ ll1nm~~n'OJ~L~lln~~.:~ LLmum1~tln~ , , ~ 

m~~ n'OJ~eJ.:Jfl.:JLL ~.:~ LLn1-:~viv 1 't.lm~~.:~~-:~1CJ'IJ~1nl'l1lJ 
m~li1.:J1'U'UeJ.:JLifm~vm~~n m~~ntl~~ntJul'i'1mifm~tJ~:iHi11'1 (Livino tissue) ~.:Jli1.:J1'U 

~ ~ ;:, 

l'lneJ~ nn 1 L -d'm~vm~~ n't.l~~ ntJul'i'1 CJ 1m.:~•th CJB'U'Vl~V ~.:~il L'lln~ n~~~ n L~'U 1CJf1tl'U~1 L'OJ'l.l LLn~G11~~il 
~ ~ 

~t111-:~hhL U'U8'Urltll'i'1 L uu1m-:~11.:J i1Ld611'1 L'ti'U LLflnL'iiCJlJ ~e:r"YltJ~mi1ll14'1~G1lJli1 h1m~~ nilm1ll 
~ , ~ 

a o < ~ .J 1 ,1/ cl , ~I ~ .. < " ( ) o 
LL'U.:JLLm-:1 L'1Jnn'VlLi'1~'Vl'Vl'U 'UL'UtlLCJtJm~~n LL'U.:Jbu'U 3 '11'1..1~ fltl 1) L'1Jnf:l"~1-:~m~~n osteoblast 'Vl1 

~ ~ 

lldl.l ,f cl~l '1111 .. 4 
'VI'U1'Vl4'1~1-:!L'UtJm::~n (bone material) '1J.:!Lu'ULL'VIm 'VILL~511illl1"'~"'ll 2) L'lmnm~~n (osteocyte) fltl 

~ , ~ 

L'1Jn~G1~1-:~m~~n~'VICJ~li1.:J1'ULL~1LL~~~~tJCJ"l. 'UL ifBm~~n 3) L'lln~G1~1e.1m~~n (osteoclast) vhmmLn:: 
'U , 'U 'U 'U 

~~n~uL-d'tJL~Bm~~mri1 'OJ1nm~li1.:!1'l.l't.l~::G11unuLLn~G1ll~nnu ~.:~Ln~m~G1~1-:~Lifm~Bm~~n:ff'U1VIl.l 
\1 \1 'I 'U 

m CJ 1~m~m'Uf1ll'Utl.:J~Bflll'U'VIn1CJ'IJU~ LLn::: m~~neJ'.:~ilm~L tl~ CJ'l.ILL tln.:~~'t.lL~m 1n1 ~1'1..1 1 tl~nl'i'1 CJ , ~ ~ 



., -1 ""''I o-.~ .J '1 .J '1 ""o .., .dv .d 4 1.1 

~'U1Yl'tleJ·m'~t~n 1JU'V1U1'V1"'1Flqj'V1~~ b 'Uf11'HFl"'e:J1.J b '\111 LL"'~ m~~f1tJ.:!'V11~'U1'V1~1'Ue:J1.Je:Jf1~1tJ 

1) YW.:!~1.:!f11 t1 1A';i.:!mt~n L uu 1A';i.:!'1Je:J.:!~1.:!f11tJ LL"'~ L UtJ~1tJ 1 ~n~11J L -d'e1 LL"'~L~tJn~11J L -d'v~.:!~1J~1J1 ' ~ ~ 

L~Bl.JviB LL"'~Dv.:!n'UiJL ~v1m~~eiv'Ul11J L'li'U "'1JB<~ 1 'lJG1tJ~~.:j ~1 h \Je1~ 1~-iuel''U~mt~ 
' 

2) \J f1De:J.:!~1.:!f11 t1 B.:!R\J'5~f1BUU1.:!G'i1tJ'1JeJ.:!~1.:!f11 tJ 'OJ1 nm -;if1';i~'V1Um~ LL 'V1 f1LL"'~ f11';i';imh~1 n 
' 

J11ti1.Jelf1 1~muvn:m1't11~~UeJUU1.:!LL"'~11vleJf11';i~~L ~eJ 
3) "'~"'1JLd511'1 L'li'U LLFl"'LfiitJlJLL"'~vle:J"'vle:J'i"' ~.:!LUtJLd511'1G'i1tJ1~niltJmt~f1 . , ' ·~ " 
4) "'~1.:!L~~L~B~ L'lm~L~~L~B~nn"'~1.:!;1u~1'1Jm~~nmt~1'Um~~nU1.:!'llU~ 'OJ1mYtJL'lm~L'VI~1.Q'OJ~ 

~ ~ ~ 

L '!J1~m~ LL"'L~el~ 1 'U';i\J'1JeJ.:! L'lm~ L~~ L~el~LL~.:! L'lm~ L~~ L~eJ~'1J11 LL"'~ Lf1~~ L~el~ 
~ ~ 

5) -d1t~1tJm';iLA~e:JtJ1 'VI11~t~m~~nvh~u1~L UtJ';i~UUA1'U1 ~LLrin~11JL -d'v n~11JL -d'v'VI~~1'0J~vh1 ~ 
~ 

m~~mA~m..t 1m 1~t~ii.rrmuu'OJ~ei~viv 
~ ' 

ie!Jie~"'tLe'U (J'oints & lioaments) LU'UG'i1tJ~L~e:Jmt'VI11.:!m~~nnum~~n -rrBvimn~'OJ1nm~~n 
~ " " " 

~.:!LLvl"'v.:!:B'tJ;1'U 1 \J1J1vle:JntJ 1~t~iiL~1.J'VI~eJ~.:j~~1J1-d1tJEi~Lf11~ 1 i\ ~e:J\J';i~f1BU1 ~m~~f1'\11"'1tJ 'l :Bu~~ ntJ 

L iJu 1m.:!'1JB.:!~1.:!mt~ 'li'Bviv L tl'U'OJ~ L ~B1lvleJ';i~'V111.:!G'i1tJV'i1.:! 'l '1JB.:! 1A';i'! m~~n \J';i~nBu~1tJ ~1G11J ~"'nu ' ~ 

m~~f1"'eJ.:!:§'1.J'VI~m.nnn11 LL"'~G'i1tJ\J';i~f1e:JU~Vh1~Lfl~f11';i-;i11J~1ntJe:J~1.:!lftJA.:! 
~ 

f11'5,)'1~'Un'tiU~'tle.:!ieiJleJ LLU.:!I'111J~m~ru~f11';iLFl~BtJ1m (movement) iiB~ 3 'l!U~~e:J 
~ 

1. flEJ?lEJrhf'liftJU'lfll?tJJ1r;lmc; (completely immovable joints) ii fibrous tissue LU1.J~1L~e:J1J 
ii'U'Vl'U1'Vl'VI~n 1um';i\Jf1De:J.:!B1m~~liv.q1Jv~mtJ1tJ L'litJ '!!vvle:J'1Je:J.:!f1~ 1 'VI"'nPh~~~.:!\Jni1v.:!"'1JeJ.:! 1 i' 

2 flEJfilerhF~ifeul;nlr;fufm!EJCJ (slightly immovable joints) L1t~n11-rrvvie:J'l!U~m~~mivuri'u 
L'litJ 

'li'BIJieJ'U~ L 1ru"'~ 1 'Wn -rrBviB 1um~~n 1 '1JG1tJ'VI~.:!~.:!C'If1~tJ~1 tJ'VI1JBtJ';ie:J.:!m~~nG1tJ'VI~.:! 
~ ~ ~ 

· 3. flEJP7erhf'lifEJutfl!?tr;l(movable joints) L1t~n11-rreJIJivffi'1J.rrv (diarthrosis) ~.:!vh1~Ln~m';i 
LFl~BtJ1'VI11~'VImt~';i\JLL'U'U L-dtJ .rrvviB~~11'VI~ "'~1'Wn'VI~v.rrBf'1Bn 

~ 

· -uu~'tle~m'5U'I~e'Ul ~1't1e~ie!Jie~1~ ']L 'Uol1~f11tJ 
1) flexion ~e:J f11';i.:!eJL-rr11J11tJLdeJG'i1'UJ1.JL'VI~tJ~eJ~rle:J1.JLL~1 L'litJ f11';i~eJLL'1J1.J .:!eJ-rreJiJe:J f11';in1J~1 

~ 

LU1.Jvl1.J 

2) extension f11';iL 'VI~tl~e:Je:Jn 1 \J1uLdvG'i1tJJtJ.:!eJB~rle:JtJ 
~ 

3) abduction ~e:J f11';iLFl~e:JtJ1'V11';i~'V111.:!~1~1n'ULL'1JtJ'1J1L~B1~li1 ·:mvn1\J'OJ1n Middle line '1Je:J.:! 
0 tJ I ..:' 4 ~ 1.1 

mm L'lltJ f11';jf11-:JLL'1JtJ f11'1'1J1 m~'U11JB LUtJI'ltJ 

4) adduction ~B f11';iLFl~e:JtJ1m~L-rr11l11n~ 'VI~m-rr11J1'VI1 Middle line '1JeJ'I~1~1 L'litJ f11';i~.:!LL'1J1.J 
..1 il 1.1 1.1 0 Q.l 

l1f11.:!e:JtJ 'VIL'1J11J1'V11"'1m 
" 
5) rotation ~eJ f11';iLFl~e:J'U1 'VI11tJ~n~ru~'1Je:J'InTru~';ie:J'ULLntJLLvihJI'l';i'I.J';ie:J'U 1~t~'VIl..itJe:J~nu~ ~u1 \J ' ~ 

mhhvu L'li14 f11';jU~Ae:J f11';ju~.rrviiB 

6) circumduction ~eJ f11';iLFl~e:JtJ1'V11'llU~~'VI1JtJLLf11.:!B~1'1';i\Jr.httlLU1.J1'1f1"'1J L'litJ fl1';iLLf11.:!LL'1J1.J'1J1 ' ~ 

1~LiJtJ1'1f1"'1J f11';i'VI~tJ1 'VI~~\Jii'l1tJLL'1JtJiif11';iLfl~eJtJ1 'VI1Ae:J f11';i'V1'11tJiiB L1t~n11 supination f11';ii'l11iif.l 

L1t~n11 pronation 
"' .,f ( ) ~I .f d .,j., " ..I., ..1 .., d 1 ' .I ~ "' mm.JLtJe muscle LutJL1.JeJLtleJ'V11J'VItJ1'V1 L~tlm-!!Lf1tJ1f1'Uf11';iLA"'e:JtJ 'V11'1Je:J-!I';i1.:!f11tl u';i~1J1ru b~11 

~1-!lf11t11J~~tll~t1~1L \J\J';i~f1eJU;;i'1 tlf1~11JL ~f.l1J1f1f111 500 lJ~ LL"'~iJJ1'VI'I!m11lntJ\J-;i~1J1ruA~.:!'VI~-!1'1JeJ.:! 
J1'1--i'l!n~1-:1 mt~ n~11J L -d'e1 L iJu L ~B L~B~~'VI~tJ~ Lfi~'W'U 1;;l'V1 n~11.J'1Je:J-!1~1-:J m t1 n~ 11J L -d'v'U1.:!'l!U~e:Jt!Lvi'ehu1 'OJ 

' ' ~ 



~I'lL'! ~1lJTHn1-:~fi'u 1~ LL"~~nmil.l'VI~-:JL tltJn~1lJL lltJt.mm)1tJ1'l~l'l h'VI1Bn~1lJ L llB~hJ~1lJT'H1U-:JRU 1~ 
n~1lJLllmutJG'i1tJG"i1R'l]~vi11'>1-U'tJ~tJfl-:J n~1lJLllB'l~'VI~'VI1B'llEJ1tJL~tJ1~-rum~m~~tJ'l1n nerve impulse 

~-:~vi11'>1ij m~ LA~BtJ 1 'VI1'1ltJ-:JoUB n~1lJL lltJ'l~ &i~num~~n 11'lt~ m~tJ Aru~lJU&i'VI~I'11 L~ m!tJ v Ll'l~EJlJ~ ~BlJ~ " . 
'!~vi 1-:1 1'\.J€1 ~ L~lJ €1 LL" ~ v-:~-r m~1'l"U'Vl'l" -:J'tl €1-:1~1-:Jfl 1 EJ 

" " m~'VI~~1LL~~R~1El~1'tlil~n"1lJL;fa (contraction and relaxation of muscles) 

n~1lJL lltJ"1tJU'l"~ntJU~1 vG'i1tJ~L UtJ L'!f"~~BEJ"~ 85 G'i1tJ~ L utJJ1~tJEJ"~ 15 G'i1tJ~ L tltJ L'!f"~ij~u~1-:~ 
LUtJ'l"U'Vl'l"-:Jm~utJn ijLatJ~1l'ftJ6mn-:~ 60 1l.lmtJtJ A11lJEJ11~'~"B~lY~n~1lJLllB"1EJ~-:~tJ1'1EJ11fi-:~ 30 

" " 
L'!ftJ&i LlJm L'!f"~'tl€1-:1 fl~1lJL ll€1"1 EJijtiJLfl~ ti~'VI"1 tleJ'I.J LL"~~u1~~'tl€JU'll€J-:J L'!f"~~&i~ rlU'!f1~Lfl L"lJlJ1 

mv1tJL'!f"~u~~ntJu~1matJ1m~n (myofibril) ~-:~\J'l"~ntJu~1EJLU'l"~tJ 2 'l!u~f1eJ LatJ1vu1-:~ (thin 

filament) LL"~ LatJ LtJ'VItJ1 (thick filament) ~·uatJ 1vu1~ LL"~ LatJ LtJ'VItJ1'1~ L~v-:~1'11~~untJtJ~1~L UtJ'l"~ L uvu 

vh1'>1lJ€l~L~tJLU'I.J"1EJI'lllJ'tl11-:!ViU'l1fl?I~UrltJ LLfiU'l1-:J1tJ"1EJI'l1lJ'tl11~A€l 1-band (isotropic band) EJ11 1 

1lJLfl'l"LlJm G'i1ULLfiULoUlJA€J A-band (anisotropic band) EJ11 1.6 1lJLA'l"LlJm m-:~n"1.:1'1ltJ~LLfiU'l1-:J'l~ij 

LLmViuL~n 'l L~tlnLLfiU~ (Z-line) 'l"~EJ~'l1fl LLfiU Z-line 'VI~~1tJiJ~~n Z-line 'VI~-:J~tJ~&i~ntJ L~E.Ifll1 '!!1~ 
LflLijEJ~ (sarcomere) 

n~ 1lJ L lltJ'VI~ ~1 ~1 EJ m'l"i-:~ 1111'11 n 'l"~UUU1~~1'VlG'i1tJ n"1~ G'i1tJ~€l'll EJ1tl'tl€l~ L '!!" ~U1~~1'Vl LL~1 U iJ~ 
" L " .f 0 

' • I ._ ( ) 1 "' ../ ../ !"I "' L~'I.J EJfl"1lJLtJmL"~"'~~1tJm~LL~ u1~~1'Vl?l~n1'l" motor impulses tJ'l~'VI1~'VlL'VIlJ1~?1lJ '!f~L utJm 

n1'VItJ~n1'l"'VI~itJ'lltJ~ sarcomeres 1tJ sarcomeres LL~"~'VIU1EJijLatJ1v1lJL€l~tJb~"~LatJ1mLBn&itJ11-:J 
.., cv cv - .... • "' 1 d II ,f .... d t.l ..r 11J'"' .. I Q, 

?I~Ufl'I.J LL"~~'I.JI'l~fl'I.JU1-:1~1'\.J'1Jru~~fl 'I.J'llnJ~'Vlfl"1lJL 'I.Jtlfl"1EJI'l1 LlJ€Jfl"1lJL 'I.Jtl ~'l"Um~ LL~u1~?11'Vl'l~ Lfl\il 

LLtJn-titJ 1 ~LL 'VltJL~tJ" (action potention) vi11'>1LatJ1mL'tlniitJL~'tltJLoU11 UeJ~'l"~'VI11~LatJ 1v1l.l LtJ~tJ vh 1'>1'1i1~ 
,..,1~1~'VI11~Lau z "\il"~LL"~ sarcomeres 'VI~itJ".:~ ~n~~LatJ1mJeJvn~1lJL llB'l~'VI\ilitJ"~LL"~LatJ1v 
fl~1lJ .L tleJ~flnm~to1tJ'l~'VI\ill'11 L~€1~-:!L ~1'11flU'l"~?I1'Vl~tJ~\il"~ LatJ1EJ LL'tlfl&itJ'l~ Lfl~€1'\.J 1 tJ1 tJiil'f'Vl1-:JI'l'l"-:Jrl'I.J " . . 
.V1lJ sarcomeres EJ11;fftJ LL"~ LatJ 1vn~1l..JL tleJ n~uG'!LatJ~1tJ!'ftJ6 n"1~ L~lJ G'i-:~~" 1..1n~1lJ L DBA"1EJI'11 

" " 
· n"1nnT'lvi1.:J1tJ'tla~n~1lJLife1~LLri 

) ""1 ' - 0 '"' 'i ... .f 1 fl1'l"Lfl"€J'I.J 'VI1"J€l~'l"1-:lfl1EJ Lfl~'l1fln1'l"'Vl1~1'\.J'l"1lJfl'I.J'll€J~ ~fl'l"~n'l"~\ilfl fl"1lJL'I.JtlLL"~'l"~UU 
" U'l"~?I1'VlL\ilEJijm'l"'VI~I'11'1ltJ~n~1lJLlleJ~~~&il'lnu1A'l"-:~m~~n vi11'>1m~~mL"~-U'tJ~miililm'l"LA~mJ1'VI1 

" " 
2) n11'VI\ill'11'1ltl~fl~1lJ L tltJ ij~"'Yh 1..1Ln~n1'l"Lfl~tl'I.JL'!f"~'lltl-:Jfl~1lJL ll€1 1~ L~EJL0~1~fl~1lJL lleJU1~ 

'llii\il?l1lJ1 'l"fi'VI\il 1'111~ L ~1lJ1 n L 'litJ n11 Lfl ~eJtJ1 'VI1'tl€J-:JtJEJt11'11 n1'l" Lfl~ eJtJ1 'VI1'1 ~ Lfi~:fftJL ~1'VI1eJ-ff1 tll'l1lJ 
u.J' o ') cv do v..f cv 

fl"1lJ L tJ eJ 'I ~'Vl1~1'\.J ~\il tl fl 1 'l"'VI~ m LL" ~ LlJtl'VI EJ \il'Vl1~ 1'\.J fl"1lJ L 'I.J€1'1 ~ fl"1 EJ 1'11 • 
... "' .¥ 

f'lnJ?IlJU~'lltJ.:JmmJLtJa 

1) n1'l"l'ltlU?I'I.JeJ ·~~tl~~L~1 fl~1lJLllCJ'l~ijm~-rum'l"m~1'1tJLL"~~'~eJU?I'I.JCJ-:J1tJI'11L€l~ L'litJ n1'l"Lfl1~ • 
fl1'l"l'lU 'l~ L fi~n1'l"'-1V11'11'tltl~fl~1lJLlleJ 1..1L~'I.J 1~ 

2) fl11lJ?I1lJ11fiL tJn11'VIV1vl1 (contractility) vh1'>1LiiV1LL 1~LL"~m'l"lfl~e:J'U 1 'VI1 ~"lL U'I.JflnJ~lJU~ 
Gi1fi'tymn'lleJ~~~ii:U11'1 

3) ?11lJ11fl~nv\ilve:m11'1 (extensibility) LUtJm'l"u-rul'11~mmmtJutJn~l.l1m~vh~vn~1lJLllv LL"~ 
LtltJn"1n'VI~~~n~1lJLller'il~ffiBm?lun'll1\il,j'BEJL~Bflnm~'Vlum~LL'Vln 

" 
) 

4 QJ 11.1 d cit II X1 ~ ~du q d 
4 ~1lJ1'l"flfltJmn"u (elasticity) LlJtl~flEJV1tl€Jflfl"1lJLtJ€J tJfltJ'Vl~l'lLI'llJ'VlLL"1 'l~lJfl11lJE.I11f'l~'Vl 

L~e:Jn~1mllv~nv\il'l~'VIIill'11n~u vi11'>1n~1lJL.QtJ~1lJ1'l"flfl~fl11lJEJ111 tJ'l"~EJ~~n (resting length) ~ 
L'VIl.h~~lJrlUn1'l"Vh~1tJ1~ 



.9 u "' X 
fl111Ja1flty~tl~7t\J\Jmn1J~tJa 

1) 'lhEJ 1 ~~1'1n1EJ~11J1'H1LF1~ti'UL vrJ L~\11nm~vh:n'U ~.:J1 'Un1~LF1~m.J 1 'VI1'lltl'1~1'1n1EJ~ tli't~.:Jti1~EJ 
m~vi1.:J1'U'Uti.:J~tUU 1Fl~.:Jn1tl!jnLLi;'jt.ffm>itJ~1'1 '1 ~1EJ 1V1EJti1~EJm~fiV1 LL1;'jt'VIV11ii'1'Utl·m~11J L ~tl 

2) 'li1EJ1~t~1EJ1tmEJ1'U~1'1 '1 L'li'U~11\J \Jt~Vl m:m~1tti1'VI1~ ~1L~L~n ~1hTIV1qj 'VIl;'jtJVlL~t~Vl 

vi1-:n'U L~m 1JUn ~ LL1;'jtij\J~t~'Y15 111'\'i L tit~.:J\11 n m ~U\J lii'1'llti.:Jn ~11J L ~t!t~i' EJ1 t \il-:m~11 
3) ~ ~ ~F1111J1't~ 'W1 ~fl111Jti\J~'U~1.:J n 1 EJ ~-:~ F1111J1't~'U~LiiV1 \11 n m ~'VIV11ii'1'lltl'l n ~11J L dt~ u~1 . 

LiiV1ulJn~EJ1'Y11'1 LFlij 

4) 'll1 EJ'lJtl'ltl'Ut!i' EJ1tfl1EJ 1 'U hrl. m~1'UF1111J mt'YlUmt L Ylti'UL U'U~LnV1'Yi~·N1'U'Uti.:J~1.:Jn1EJ 



tl'i'iW1'Ufi'Ul • 
4 .., _.., ~ ) '1 v "' d v ..r 1 Clll "' Q.t./ ~ 

1~·nu ~\JlE.I111'U'U. (2553 . ~m~~~1~LL~~'VI'U1V1'1JeJ·m~uumm.JL'UmL~~m~~n. 'U 1~'H\J ~\JlE~111'U'U 

(u~~ru15m~), mmenu?fiN1.hCJEJEJ'i1iffJwtf(YilY·Afl~~~ 7) ('U. 11-28). m~LVJ'Vi"1: LeJ'UViL'Vi~~. 
v • 

Q&J ~ J ) I 4 ~ I V da...-.1 .:J U V ~ 
~~~\Jl'U L\JlE!el'4Q~. (2551 . n1~~LL~'1l1VL'VI~e:J~ ~'VI(\JLL~~~~~eJ1~Vll.Juqj'VI1LnEJ1nUm~~nLL~~n~1l.JL'UeJ . 

1'U n?'iWCI7U7f1Nt'Jtffl~tfi::N&NEJ7CI tfiJJ 1 ('U. 272-333). 'U'UVIU~: E!Vli51'UVJ{ m~fil.Jvi. 
tl •Jt' tl tl' f , , 
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