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BIOMECHANICAL ANALYSIS OF TRIPLE PELVIC OSTEOTOMY 

Abstract 

Introduction. Hip joint incongruence is found in a number of hip joint 

disorders in childhood and adolescence. Altered hip joint compression force 

overcomes the adaptive capacity of joint cartilage, inevitably leading to degenerative 

joint changes and early invalidity. 

Most utilized method for operative treatment of this impairment that we use in 

adolescent age is Tennis triple pelvic osteotomy. The effects of operative treatment 

can be objectively analyzed by numeric and analytic hip joint mathematical models. 

The mathematical model most used in hip joint biomechanical functional analysis is 

three-dimensional radiography-based model. It has been widely applied to normal 

hips and hips operated by various methods. However, it has not been applied to 

Tennis triple pelvic osteotomy. 

Goals. To apply three-dimensional radiography-based mathematical model of 

the hip joint to standard anterioposterior pelvis and hip radiography, before and after 

triple pelvic osteotomy, to calculate parameters of contact hip stress distribution 

(direction, angle and intensity of resultant hip force, angle and magnitude of peak 

contact hip stress, the index of the hip stress gradient), and to analyze the relationship 

of biomechanical parameters to patients’ standard clinical and radiographic data. 

Material and method. Out of 92 patients with hip joint incongruence in 

adolescent age (due to developmental disease of the hip, postreductional avascular 

necrosis of femoral head or Leg-Calvé-Perthes disease), operated by Tönnis triple 

pelvic osteotomy at the Institute for Orthopaedic Surgery “Banjica” in Belgrade in the 

period from 1996. to 2011, 75 hips (60 patients) were included in the test group, with 

average Wiberg CE angle of 15,18+/-9,31
0
. All contralateral hips were also analyzed, 

and then divided in negative control group (healthy hips, 19 cases) and positive 

control group (deformed hips, 56 cases). The three-dimensional radiography-based 

mathematical model of the hip joint described by Igli! et al. (1990) was applied to all 

the hips, at preoperative, postoperative and final examination. All collected data were 

described by standard descriptive statistical tools, and analyzed by appropriate 

statistical tests. 



 

Results and discussion. At postoperative measurements we found that CE angle 

increased reaching normal values (median 33.45%), angle of peak hip pressure pole 

(!-pol) was lower for 63.5% (from 43.44
0
 to 15.85

0
, p<0,01), absolute peak hip 

pressure (Pmax) was lower for 46.2% (from 1,69 "Pa to 0,91 MPa, p<0,01) and peak 

hip pressure normalized to the body weight (Pmax/Wb) lower for 55.9% (from 

4026.49 to 1776.75). The index of the hip stress gradient (Gp/Wb) was also lower 

after surgery, from 4.67 to -0.48 (p<0.01), reaching levels found in healthy controls 

(range from -4.77 to 1.05, median -1.02). With follow up of 3.48+/-2.77 years, we 

found two functional and anatomic outcome predictors: preoperative CE angle 

(p<0.01) and preoperative gait quality (p<0.05), and three more that are close to 

statistical significance level: preoperative hip joint rotation radius (p=0.052), 

preoperative normalized hip joint force (R/Wb, p=0.053), and postoperative index of 

hip stress gradient (Gp/Wb, p=0.059). Biomechanical model proved to be reliable for 

analysis of clinical material, data collecting from radiograms generated very low 

systematical error (less than 4,1%), and our results are generally in agreement with 

findings of others. 

Conclusion. Tonnis triple pelvic osteotomy reliably and effectively improves 

hip joint stress distribution, leading to good result in the treatment of hip joint 

incongruence in adolescent age. The use of three-dimensional mathematical model of 

the hip enables the calculation of important biomechanical data that describe the 

mechanical cartilage load, and have an outcome predictive value, with normalization 

to body weight enabling the comparison of patients with different body shapes. 

Accurate measurement of long-term impact of triple pelvic astronomy, and the 

utilization of mathematical modeling, require larger group of patients followed up for 

loner period, throughout adult age. 

 

Key words: triple pelvic osteotomy, biomechanical analysis, adolescence, 

acetabular dysplasia, osteoarthritis, mathematical hip joint modeling, hip joint contact 

stress, index of hip stress gradient, outcome predictor. 
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?+'6$ /*+ &8*-&"2#2;& 1'&/$ -*#+ "*/'*)* %+,-$ (corpus ossis ilium). @*#$%$ 

.7+,)&-$ /*+ %&'#$()* %+,-$ $9)&/ &8*-&"2#2;& 3* %'$#+ "*/'*)* %+,-$ (ala ossis 

ilii), ($3& 3* ,.+7&56& ,*/&#)& ,-'&)& (facies glutea) /4*;& #2()$; #$)$3&;& %+3* 

,* 9+42 .'*/6& $ 9&/6& ,*/&#)& #$)$3& (linea glutea anterior et posterior) .+/*7*)& 

)& -'$ .+7&: .'*/6*, ,'*/6* $ 9&/6*, 1/* ,* '*/+; .'$.&3&32 ;&#$, ,'*/6$ $ 

4*#$%$ ,*/&#)$ ;$5$0 (m. gluteus minumus, m. gluteus medius et m. gluteus 

!"#$% 1: A&'(%)*% +,-%.% $%-"#/.0 $'+,#. 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 

5$#6*(. Excelsior, 2009. 
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maximus). !"#$%&"'($ )*(+' +,"-+./0/1+ 2"%-$ #$%-$3) )*&+4"(+ ) '$5+ %"'+0(+ 

0)()3+ (linea glutea inferior). 

6&"'5"-'$5) '"$ +,"-+./0/1+ 2)() -"0$ #&"#$(%7" 7$%-), + '"$ 7+&0)2(" 

7$%-) )%#&"' +,"-+./0/1+ (#&"1+ %#$3/ %+ %/#&$-($1 7+&0)2($1 7$%-)) 2)() 

8$&5+ 8&+(+ #/.)2(" 7$%-) (ramus superior ossis pubis). 9#$3 0":" ) '"%(" 

7+&0)2(" 7$%-) (+*):+ %" #/.)2(+ %)1;)*+ (symphysis pubica) ) #&"'%-+:<+ 

#$0/#$7&"-(/ :"*/. !+ 8$&5$3 ):),) 8$&5" 8&+(" (+0+*) %" 2"=<+%-) 8&"."( 

(pecten ossis pubis), 7$3) 3" (+%-+:+7 0/2(" 0)()3" (linea arcuata) %1"=-"(" (+ 

/(/-&+=5$3 #$:&=)() 7+&0)2(" 7$%-). >"')3+0($ %" 2"=<+%-) 8&"."( *+:&=+:+ 

#&"#$(%7$1 7:&8$1 (tuberculum pubicum). ?)-+:$1 '/4)($1 2"=<+%-$8 8&"."(+ 

#&)#+3+ %" @/#"&$:+ #&"#$(%7+ :"*+ (lig. pubicum Cooperi), + (+ 5"8$:$1 

/(/-&+=5"1 7&+3/ ) A)1."&(+-$:+ :"*+ (lig. lacunare Gimbernati). 

!+ %:$1 1"')3+0($1 7&+3/, / #&"'"0/ %)1;)*", 8$&5+ 8&+(+ #/.)2(" 7$%-) 

#$' $=-&)1 /80$1 #&"0+*) / '$5/ 8&+(/ /#&+:<"(+ #/- (+*+', (+()4" ) /#$<" '$ 

%#$3+ %+ 8&+($1 %"'+0(" 7$%-). B-:$& 7$3) $8&+()2+:+3/ 8&+(" #&"#$(%7" 7$%-) ) 

8&+(+ %"'+0(" 7$%-) (+*):+ %" *+#$&() 

$-:$& (foramen obturatum). 6&"7$ 5"8+ 

3" &+*+#"-+ *+#$&(+ $#(+ (membrana 

obturatoria). !+ '$5$3 %-&+() 8$&5" 

8&+(" #/.)2(" 7$%-) #$%-$3) *+#$&() 

40". (sulcus obturatorius). 

C+'5"-'$5) '"$ 7+&0)2(" 7$%-) 

#&"'%-+:<+ %"'+0(+ 7$%-. B(+ )1+ -"0$ 

) 3"'(/ 8&+(/. D"0$ 3" #$%-+:<"($ 

%7$&$ :"&-)7+0($ -+7$ '+ 5"8$: 8$&5) 

7&+3 8&+') *+'5"-'$5) '"$ 

+,"-+./0/1+ + '$5) 7&+3 -"0+ 8&+') 

%"'+0(/ 7:&8/ (tuber ischiadicum). 9+ 

:&E+ %"'+0(" 7:&8" %" #/- (+:)=", 

/(/-&+ ) /(+#&"' #&/4+ 8&+(+ %"'+0(" 

7$%-) (ramus ossis ischii) / %/%&"- '$5$3 

8&+() #/.)2(" 7$%-), %+ 7$3$1 3" %&+%0+. 

!"#$% 2: &%'(% )*+%,% $%+"#-,. $/)*#. 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 
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!"#$%&'(& )$%&"& *&%+,-". 

*/)$, 0. 1/2.3."& +#-",4 5%.6."/4 

(linea arcuata) "& 5/%(,, $%6#'", 2./ 

(pars abdominalis ossis coxae) , 2/(,, 

*&%+,-", 2./ (pars pelvina ossis coxae). 

762/4,"&+", 2./ 0. 8.9, /2 

*&%+,-"/5, , -,", 5& #"#$%&'(& 

)$%&"& 6.2%.". */)$,. :& (."/4 

;&2(.4 2.+# "&+&;, ). #8&)$& ;5+/6"& 

1/8%',"& (facies auricularis) ;& 

;5+/63&8&(. )& *%)"/4 */)$,. <;"&2 

(. 0. 6.2%."/ ,)1#1-.(. (tuberositas 

iliaca). =%./)$&+, 2./ &62/4,"&+"/5 

2.+& 0. # 8,2# 1+,$*. 6.2%.". 0&4. 

(fossa iliaca). 

>&%+,-", 2./ ). # ;&2(.4 2.+# 

)&)$/0, ,; */'$&". 1/8%',". */0& 

/25/8&%& 2"# &?.$&6#+#4&, & "&1%.2 5& 

-,", foramen obturatum /,8,-." 28.4& 

5%&"&4& 1#6,-". */)$, , 5%&"/4 

).2&+". */)$,, , ;&$8/%." /1$#%&$/%"/4 4.46%&"/4. 

=%.2(& ,8,?& *&%+,-". */)$, 0. # ?.+,", , ".0.2"&*/ +#-"/ #2#63."&, &+, 

1/).2#0. , ,;8.)"& ,)1#1-.(& "& */0,4& ). 1%,1&0&0# 4,',9,, +,5&4."$, , 

@&)?,0.. A&2(& ,8,?& *&%+,-". */)$, 0. 0&-. ,;#2#63."& /2 1%.2(.. B/%(& ,8,?& 

*&%+,-". */)$, 0. 1%.2)$&83."& +#-"/ ,)1#1-.",4 6.2%.",4 5%.6."/4 (crista 

iliaca) */0, ). 1%/$.C. /2 SIAS 2/ SIPS. D.2%.", 5%.6." 0. ',%/*, $&*/ 2& 

%&;+,*#0.4/ #"#$%&'(# , )1/3&'(# #)"#. :& (.4# ). 1%,1&0& 8,'. 4,',9& , 

+,5&4."&$&. E/(& ,8,?& *&%+,-". */)$, ). 1%/)$,%. /2 symphysis pubica 2#C 

2/(. 5%&". 1#6,-". */)$, , 5%&". ).2&+". */)$,, 2/ tuber ischiadicum. 

F+,*& 3: 1%.2(& )$%&"& *&%+,-". */)$, 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 
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!"#$% &'(# (femur) )* +%,$% -".% /*0%(#% &'(#, $%)0*1% 2 $%))%3% &'(# 

3'0*32)*. #*4%1,2,3. 5%642&")*7' #*4' 2 -0% '&,%)&%. 

8*4' )* #,'(#,%$'-+,267%#23$', #* 27% (4*-*1* #,2 (#,%$* (+,*-9", 

(+':%;9" 2 "$"#,%;9") 2 #,2 202/* ((+':%;9", "$"#,%;9" 2 6%-9"). <% 

+,*-9') 2 (+':%;9') (#,%$2 +,2+%)%)" (* 72;212 ="#%, -'& $% "$"#,%;9') 

(#,%$2 $*7% +,2+')%. 

>- $%0*-*$* #,2 202/* (+':%;9% 2 "$"#,%;9% (" 0,4' (4%=' 26,%?*$*, -'& 

)* 6%-9% 202/% ;2,'&% 2 2(+"+3*$%, #* (* $%620% @,%+%0% 42$2)% (linea aspera). 

5%642&")*7' )') (+':%;9" "($", "$"#,%;9" "($" 2 7*A"+,'(#',, 2 (02 '$2 (4"?* 

&%' 7*(#% +,2+')% '-.'0%,%)"12@ 72;21% ="#%. 

B -'9*7 -*4" C*7",% "($* (* ;2,* " 02-" -0* .,%$*, 6%&4%+%)"12 7*A" 

('='7 #,'".4%(#" 6%#&'4*$" +'0,;2$" (facies poplitea). <% "$"#,%;9') .,%$2 

+'(#')2 &0,?2/% 0*42&'. +,20'-2'/% (tuberculum adductorium) .-* (* +,2+%)% 

2(#'27*$2 72;21. <% .',9*7 &,%)" "($* (* #%&'A* ;2,*, %42 $% #,2 .,%$*, 

'-$'($' +')%0:")* (* 2 (,*-9% .,%$%. D+':%;9% .,%$% 2-* +"# 0*42&'. 

!"#$% 4: &'()% $*+( 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 5$#6*(. Excelsior, 2009. 
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!"#$%&!'"% ( )#*' +' +',%-&( ."'/'& /0!&' 1#+!( (tuberositas glutea femoris). 

2"',3% ."%&% (,' 40! 5%-#. !"#$%&!'"% ( )#*' +' 6'78%+!% -(&(9% (linea pectinea). 

:&0!"%73% ."%&% (,' (+4#, 5%-#. !"#$%&!'"%. 

;#"3( #1"%9%1 <'50"% (extremitas proximalis femoris) (5% +-','=' ,'-#*'1,2,3: 

• !"#$# %&'()# (caput femoris) *)+,"+-./ "/*0#10/2 /,"+3# (/3/ 2/3 

*/$)4+.& "/*0&). 5# 6/7 1& .#"#8+ 7#'+9# (fovea capitis femoris) 2:& 1& 

*)+*#7# /,"# $&8# 82"/,# 3(3# (lig. capitis femoris) 3/7# */"#8+ +8 fossa 

acetabuli. 

• ;)#0 %&'()# (collum femoris) 10/7+ */: (2"/' /: /3/ 125 10&*&.+ ( 

/:./1( .# /1/$+.( 0&"# %&'()#, (*)#$<&. 7& *(0 .#.+-&, (*/<& + (.#8#:. 

=*</40&. /: 1*)&:# *(0 */8#:+. 

• 5# 1*/7( $)#0# + 0&"# %&'()# 8#*#-#7( 1& 1*/<#46& +1*(*>&6& 8$#./ 

$&"+3+ 0)/?#.0&) (trochanter major) + (.(0)#46& +1*(*>&6& 8$#./ '#"+ 

0)/?#.0&) (trochanter minor). @8'&A( :$# 0)/?#.0&)# 1& 1# *)&:6& 10)#.& 

*)/10+)& '&A(0)/?#.0&).# "+.+7# (linea intertrochanterica), # 1# 8#:6& 

10)#.& 7#>& +8)#-&. '&A(0)/?#.0&).+ 2)&,&. (crista intertrochanterica). 

• B.(0)#46# 10)#.# $&"+3/2 0)/?#.0&)#, 3/7# 10/7+ .#1*)#' $)#0# 

%&'()#, (:(,<&.# 7& + 8/$& 1& 0)/?#.0&)+>.# 7#'# (fossa trochanterica). 

C$# 0)/?#.0&)#, +.0&)0)/?#.0&).# "+.+7# + 2)&,&. *)&:10#$<#7( $&.#9 .# 

1*/7( $)#0# + 0&"# %&'()#. D2"/,.# 3#*1("# 82"/,# 3(3# *)+*#7# 1& :(- 

,#8& $)#0# %&'()#, /10#$<#7(E+ 1$# */'&.(0# +1*(*>&6# $#. 82"/,#, 0#3/ 

:# 1& .# 6+'# *)+*#7#7( './2/,)/7.+ '+4+E+ + "+2#'&.0+. 

>#3( #1"%9%1 <'50"% (extremitas distalis femoris) +' +%+!#9( () ,*% *'-(1% 

).-#/&% (+4046'3%, &% 4"'+'10 4#-01"0?&#. #/-(1%. @# +0 +4#8%73( ( 

0&0!"%73( 1#&,(- (condylus lateralis et medialis femoris), 1#9( 06'+!*090 0 

<#"5("%30 ).-#/% 1#-'&%. 

: 4"','-0 0&0!"%73' +!"%&' ,(+!%-&#. #1"%91% <'50"% 4#+!#9( 1*"?(A% 

*'-(1#. 4"(5(A%6% /0!% (tuberculum adductorium), % +% +4#8%73' +!"%&' &%-%)( 

+' )%!1#-'&( ?-'/ (sulcus popliteus) )% 4"(4#9 (+!#(5'&#. 5(7(=%. 
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!"#$%&' ($)*+,&' !"#$%- ./.- 

(012345467587 9:10;<7 =0>?@A<7 7B487;21237 (facies lunata) 54 9:10;C7>7 

57 :17>03 ;28<4 D058A (caput femoris). -B487;2123 E4 =0 0;0F2 =?0@A?4< A 

=?02F2;C4< G?5D7>A67>A3 =?584<758A3 :?4;4<03, 7B487;217?<03 25<03 (labrum 

acetabulare)1,2,3. 

!"#$%&' )'!' !"#$%- ./.- 

H=0C7@IA 1A58 9:10;<4 672?4 =0E767>7 <4D01AD0 >497. H7 5>7D4 0F 8?A 

D058A D0E4 6A<4 D7?1A6<2 D058 (os ilium, os ischii, os pubis) =0179A =0 E4F7< 

1A:734<8 D7 A<84?8?0G7<84?<0E 1A<AEA J432?7 (linea intertrochanterica femoris). K0 

52 ;4F?4<0;28<7 >497, D0E7 54 90>4 %4?8A<AE4> 1A:734<8 (lig. iliofemorale Bertini), A 

54F71<0;28<7 >497 (lig. ischiofemorale), A =?4=0<5D0;28<7 >497 (lig. pubofemorale). 

L2;0DA 510E 9:10;<4 672?4 57587>C4< E4 A9 =?584<7580 =0587>C4<AG >17D7<7, 

A 80 54 09<767>7 D70 =?584<7587 >497 (zona orbicularis). $<7 0;2G>787 :17>2 A >?78 

J432?7 5=?467>7E2MA A5=7F7I4 :17>4 A9 7B487;21237.  

!"#$% 5: )&'& '(")*% $+$% 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 5$#6*(. Excelsior, 2009. 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 5$#6*(. Excelsior, 2009. 
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!" #$%&'()%*+ %$"+)*,%*+ -$)( (#$&(,.)./( (pulvinar acetabuli) 0*)("1 2$"( 

+)(2$ ,.&%$ 3*4&1 (lig. capitis femoris) 1 -14&()%* 4$ 0'10(5( . 5(/1#1 +)(2$ 

6$/.'( (fovea capitis femoris). 741/ /$8(%193$, *2( 2$"( 5$ "%(9(5%( "( 148'(%. 

-$)( +)(2$ 6$/.'( 5$' 3'*" :. . 6$/.' -*)("$ 3'2%1 4.-*211,2,3. 

!"#$%&' ( )*+",( #(#- 

; '$()%*4&1 4$ . *2*/ "+)*,. 2'<$ 0*3'$&1 3(')1#$ 0'$/( %(&3*)$%1#1, 1 

0*3'$&1 %(&3*)$%1#$ 0'$/( 3(')1#1 ("(214%* *- &*+( +-$ 5$ &(93( *4)*%#(). ; 

(%(&*/151, /$=.&1/, (',1&'('%* 5$ .42*5$%* -( 4$ .2$3 *014.5. 0*3'$&1 -14&()%*+ 

0'$/( 0'*341/()%*/ 4$+/$%&.. ; "+)*,. 3.3( 2'<$ 4$ 0*3'$&1 6)$3415$ -* 120 

4&$0$%1, $34&$%"15$ -* 20 4&$0$%1, (,-.3#15$ -* 45 4&$0$%1, (-.3#15$ -* 15-30 

4&$0$%1, 40*>(<:$ '*&(#15$ -* 45-60 4&$0$%1, .%.&'(<:$ '*&(#15$ -* 30 

4&$0$%1, ( 0'1 0*2*>%*/ 0*)*?(5. (0'1 6)$34151 1 (,-.3#151) 1 4218 50 4&$0$%1. 

!"2*-1 4$ 1 0*3'$& 3'.?$:(4,5,6,7,8. 

@1%$"1*)*<3( (%()1"( 0*3'$&( . "+)*,. 3.3( 5$ 2$*/( 3*/0)$34%(, 

%$-*2*>%* '("5(<:$%( 1 3(* "(4$,%( &$/( "(4).?.5$ 0(?:. 3*5( -()$3* 

0'$2("1)("1 *,1/ 1 #1> *2*+ '(-(9. A( *2*/ /$4&. B$ 4&*+( ,1&1 1")*?$% 

(%(&*/431 *014 *%18 /1<1B( 3*51 0'$/*<B.5. "+)*, 3.3( 1 0'1&*/ 4. *- "%(9(5( 

"( -(>$ 1")(+(:$. C%*+1 *- :18 0'1 0*3'$&. 1/(5. 4(421/ 0*4$,%$ 6.%3#15$ 1 

"(."1/(5. '(")191&( /$4&( . 815$'('8151 *,'("(#( /*&*'%$ 3*%&'*)$ 0*)*?(5(, 

4&(2( 1 0*3'$&( (3(3* "+)*,( 3.3(, &(3* 1 &$)( . #$)1%1)10. C1<1B1 B$ ,1&1 

+'.014(%1 0'$/( 42*/ *4%*2%*/ (%(&*/43*/ -$54&2. %( "+)*, 3.3(, ()1 B$ ,1&1 

%(,'*5(%1 ." 42$ *%$ 0*3'$&$ . 3*51/(, /(3(' 1 -$)1/19%*, -1'$3&%* .9$4&2.5.. 

DEF@G!HI ; JKE7L; @;@I 

G)(,1%43*,$-'$%1 /1<1B 4(91:(2(5. -2( /1<1B( 40*5$%( 42*51/ -*:1/ 

-$)*21/(: /$-15()%1 -$* 5$ 2$)131 4)(,1%431 /1<1B (m. psoas major), ( )(&$'()%1 

-$* 91%1 ,$-'$%1 /1<1B (m. iliacus). M*%$3(- 0*4&*51 1 /()1 4)(,1%431 /1<1B 

(m. psoas minor) 3(* 1"-2*5$% /1<1B. N$%&'()%1 0'10*51 m. psoas major 4. %( 

&$)1/( 0'<>$%*2( *- O12 - E5, %( 1%&$'2$'&$,'()%1/ -143.41/( 1"/$=. &18 

0'<>$%*2(, 3(* 1 %( &'(%42$'"()%1/ %(4&(2#1/( 4218 )./,()%18 0'<>$%*2(. 

I3* 0*4&*51, m. psoas minor 4$ 0'10(5( %( &$). O12 0'<>$%(. L$-'$%1 /1<1B 4$ 
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!"#!$%$ & &'&("$)*+% ,-."-'+% %$/# (fossa iliaca interna) '$ 0$"1#2'+% 0+3(#. 4,$ 

/#)#5$ '$!&)($%& 0$"1#6& 0"+7 /#)#5'# .-+ !+.!"-!+'30+8 +(9+"$ (lacuna 

musculorum hiatus subinguinalis) # 3!$%$%& 3- & %-.$' /#)#5 '$ !&(& 0$ !-"#:-"'+/ 

!"#!+%&. ;-"#:-"'# !"#!+% %- '$ /$1+/ ("+<$'(-"& '$ :-/&"& (trochanter minor). 

=$(-7$2 ,&('- :$36#%- (m. tensor fasciae latae) %- %-.$' +. /#)#5$ 3!+>$)*- 

1+?- ,-."$. @-'("$1'# !"#!+% /& %- '$ 3!+>$)*+% &3'# ,-."-'+8 8"-,-'$ (crista 

iliaca) # !"-.*--8+"*$ ,-."-'$ ,+.>$ (spina iliaca anterior superior, SIAS). A#)#5 

%- 0"$($0 # '$3($9>$ 3- (-(#9+/ 0+%$ &1$7# & 3$3($9 ,-."-'+8+1-*$2'+8 3'+!$ 

,&('- :$36#%- (tractus iliotibialis fasciae latae). ;-"#:-"'+ 3- !"#!$%$ '$ 

3!+>$)*+% 8+1-*$2'+% (B-".#%-9+%) 09"8# (tuberculum tibiae Gerdy). 

C-"7#%30# /#)#5 (m. sartorius) %- #7"$7#(+ .&8$2$0 /#)#5 0+%# !"#!$.$ 

!"-.*+% 1+?# ,&($. @-'("$1'+ 3- !"#!$%$ '$ !"-.*--8+"*+% ,-."-'+% ,+.># 

(spina iliaca anterior superior). ;-"#:-"'# !"#!+% %- '$ 8+"*-/ .-1& &'&("$)*- 

3("$'- (#,#%-. 49+ %- /-3(+ 7$%-.'#20+8 !"#!+%$ 3$"(+"#%&3$ # %+) .9$ /#)#5$ 

,&($ (m. gracilis, m. semitendinosus), # '$7#9$ 3- 8&)2#%- 3(+!$1+ (pes anserinus). 

;"$9# /#)#5 ,&($ (m. rectus femoris) '$%!+9")'#%$ 81$9$ 2-(9+"+81$9+8 

/#)#5$ ,&($ (m. quadriceps femoris). @-'("$1'+ 3- !"#!$%$ '$ !"-.*--.+*+% 

,-."-'+% ,+.># (spina iliaca anterior inferior-SIAI) 0$+ # '$ '$.3("-)#6# 

$6-($,&1&/$ (supercilium acetabuli). D .#3($1'+/ .-1& 3- '$2-1'+ !"#!$%$ '$ 

!$(-1#. E1#, & 3&)(#'# !$(-1$ %- 

3-7$/+#.'$ 0+3( '$3($1$ & 7$%-.'#20+% 

(-(#9# 2-(9+"+81$9+8 /#)#5$ ,&($ !"# 

2-/& 91$0'$ !"$9+8 /#)#5$ ,&($ '#3& 

'$ *+% !"-0#'&($, ($0+ .$ 3- & 

:&'06#+'$1'+/ 3/#31& +' & 9#.& 

!$(-1$"'+8 1#8$/-'($ !"#!$%$ '$ 

8+1-*$2'+/ #3!&!2-*& (tuberositas 

tibiae).  

;+"-. +9#<, & :1-03#%# 781+,$ 

0&0$ &2-3(9&%& # 0"$(0# !"#9+.#1$6 

,&($ (m. adductor brevis), 8+"*# 3'+! 

9-1#0+8 !"#9+.#+6$ ,&($ (m. adductor 

!"#$% 6: &#'#(# )*+,-+ ./*%0+ 12"34% $5$% 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( (/(2$3+4( 

5$#6*(. Excelsior, 2009. 
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magnus) !"#$ %$&'# !($)$# ' *$ !"#$ +$ 45 !*,),(' -.,/!'0,, 1'*/' #'2'3 (m. 

gracilis) !"#$ +$ 40 !*,),(' -.,/!'0,, 4,25"!*' #'2'3 (m. pectineus), +6%' 

)7'1$+'."8 96*" (m. adductor longus) ' )7,+&' !($)$1' !7,+&,% !,+".($% #'2'3" 

(m. gluteus medius), ".' )$2*$ !6 '# (,/, +76%, -6(/8'0, +$#'("(*('0, $+ 

-6(/8'0, -.,/!'0,, $)'!"(' !6 6 )7')"+"063'# )$%."15'#" 6 !/."+6 !" *'#.  

:;<=:>?@AB C ?DEFGC ;C;B 

H,.'/' !,+".(' #'2'3 (m. gluteus maximus) 0, ("01,3' ' ("0!("I('0' #'2'3 

!,+".(, 7,%'0,. J,(*7".($ !, )7')"0" (" K"+&,# )$56 !)$5"2&, 9,+7,(, 0"#, 

(fossa iliaca externa) 'K" K"+&, !,+".(, .'('0, (linea glutea posterior); *"/$L, !, 

)7')"0" ' (" 9$4('# !*7"("#" /7!(, ' 7,)(, /$!*'. M,7'-,7(' )7')$0 #6 0, (" 

!,+".($# %7,9,(6 96*(, /$!*' (tuberositas glutea femoris), 2*$ )7,+!*"15" 

!)$5"2&6 %7"(6 *7'-67/"8'0, N7")"1, .'('0, (linea aspera), K"+&, '1'8, -,#67". 

M$.6$)("!*' #'2'3 (m. semimembranosus) )7')"+" %76)' K"+&, .$I, 96*". 

C !1$# %$7&,# +,.6 (,#" #'2'3('N 1."/"(" 1,3 0, 6 1'+6 *"(/, ")$(,67$K,, 

$+"/., #6 )$*'4, '#,. J,(*7".(' )7')$0 #6 0, (" !,+".($0 /17%' (tuber 

ischiadicum), " ),7'-,7(' )7')$0 (" K"+&,-6(6*7"2&$0 !*7"(' #,+'0".$% /$(+'." 

*'9'0,. F+ #,!*" $1$% )7')$0" $+1"0"06 !, $+9'0,(" ' )$17"*(" *,*'1". F+9'0,(" !, 

)7')"0" 6 9.'K'(' +'7,/*($% )7')$0", " )$17"*(" !, )76I" 6/$!$ ("1'2, ' !)$5" 

' K"172"1" (" K"+&$0 !*7"(' ."*,7".($% /$(+'." -,#67" ' !)"+" 6 K"+&, 

!)$5"2&, .'%"#,(*, /$.,(". 

O1$%."1' #'2'3 96*" (m. biceps femoris) K"6K'#" !)$5"2&' +,$ K"+&, 

!*7"(, ("*/$.,('8,. O6%" %."1" (caput longum) !, 8,(*7".($ )7')"0" (" !,+".($0 

/17%' (tuber ischiadicum), K"0,+('4/'# )7')$0,# !" !,#'#,#97"($K6!$#, " /7"*/" 

%."1" (caput breve) (" N7")"1$0 .'('0' (linea aspera). M,7'-,7(' )7')$0 '# 0, (" 

2'5"!*$# ("!*"1/6 %."1, -'96., (apex capitis fibulae), " 0,+"( !($) !, )7')"0" ' 

(" !)$5"2&,# /$(+'.6 *'9'0,. 

C )$/7,*6 ,/!*,(K'0, 6 K%.$96 /6/", )$7,+ ("97$0"('N, 64,!*1606 ' !.,+,3' 

#'2'3': !7,+&' !,+".(' #'2'3, !1$0'# K"+&'# !($)$1'#" (m. gluteus medius), 

#".' !,+".(' #'2'3 (m. gluteus minimus), )$.6I'."!*' #'2'3 (m. 

semitendinosus), " )7' -.,/!'0' 6 K%.$96 /6/" 1,3$0 $+ 40 !*,),(' ' 1'*/' #'2'3 

(m. gracilis). 
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!"#$%&'(! $ )*+,"$ %$%! 

-./012 3/04562 72829 (m. gluteus medius) 5/:2 23;<0 =/52><? 3/0456<? 

728294. &/6@.4562 ;.2;<A B4CB274 3./01/ ;<D/ 3;<D481/ E/0./6/ A47/ (fossa 

iliaca externa) 2B7/FC ;./01/ 2 B401/ 3/0456/ 5262A/ (linea glutea anterior et 

posterior). G/.2H/.6< 3/ ;.2;4A4 64 3;<D481<A 3@.462 =/52><? @.<I46@/.4 

(trochanter major) H/7C.4. 

$ ;<>./@C 4E0C>J2A/ 4>@2=2.4AC 3/ 2 ;.4=2 72829 EC@4 (m. rectus femoris), 

7452 3/04562 72829 (m. gluteus minimus), B4@/B4K EC@6/ H43J2A/ (m. tensor fasciae 

latae), =/52>2 3/04562 72829, 3=<A27 ?<.127 36<;<=274 (m. gluteus maximus), @/ 

>.C8>43@2 72829 (m. piriformis) 2 @/.B2A3>2 72829 (m. sartorius). 

!#$%&'(! $ )*+,"$ %$%! 

%.4@>2 ;.2=<0254J EC@4 (m. adductor brevis) A/ 37/8@/6 C C0CED/7 35<AC 

C6C@.481/ 5<:/ EC@4. &/6@.4562 ;.2;<A 7C A/ 64 0<1<A ?.462 ;CE2K6/ ><3@2 

(ramus inferior ossis pubis), 4 ;/.2H/.62 64 I.4;4=<A 5262A2 (linea aspera) C 

;./0/5C ?<.1/ @./926/ @/54 H/7C.4, >4< 2 64 K/8D43@<A 5262A4 (linea pectinea). 

L/52>2 ;.2=<0254J EC@4 (m. adductor magnus) 64A=/92 A/ 2 64A364:62A2 

72829 C6C@.481/ 5<:/ EC@4. '74 @.2 36<;4: ?<.12, 3./012 2 0<12 (><A2 3/ B<=/ 

A<8 2 B4012, 2 ><A2 A/ 64A.4B=2A/62A2). &/6@.4562 3/ ;.2;4A4 64 0<1<A ?.462 

;CE2K6/ ><3@2 (ramus inferior ossis pubis), 4 ;.2;<A 3/ 643@4=D4 2 64 ?.46C 3/0456/ 

><3@2 (ramus ossis ischii). G/.2H/.62 ;.2;<A 7C A/ K2@4=<7 0C:26<7 I.4;4=/ 

5262A/ (linea aspera), >4< 2 64 3;<D481<A ?.462 1/6/ @.2HC.>4J2A/ C ?<.1/7 0/5C 

64B=46/ 3/04562 ?./E/6 EC@6/ ><3@2 (tuberositas glutea femoris) 2 64 C6C@.481<A 

?.462 1/6/ E2HC.>4J2A/ C 0<1/7 0/5C, ?0/ 3/ 6454B2 2 >=.:2J4 =/52><? 

;.2=<02<J4 (tuberculum adductorium). 

L2@>2 72829 (m. gracilis) @4><F/ ;.2;404 ?.C;2 40C>@<.4 B?5<E4 >C>4. 

&/6@.456< 3/ ;.2;4A4 64 0<1<A ?.464 ;CE2K6/ ><3@2 (ramus inferior ossis 

pubis) C E52B262 ;CE2K6/ 327H2B/ (symphysis pubica). G/.2H/.62 ;.2;<A 3/ 

6454B2 64 ?<.1/7 0/5C C6C@.481/ 3@.46/ @2E2A/, B4A/06< 34 ;.2;<A/7 34.@<.2AC34 

2 3/72@/6026<BC34. G.2;<A 3/ B<=/ ?C8K2A/ 3@<;45< (pes anserinus). 
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!"#$%&'( )(#(* (m. pectineus) +,(+%-% ./.',%#012 3,.+( )(#(*% 4.'%. 

5"/',%6/1 &" +,(+%2% /% 7"#$%&'1) 3,"4"/. (pecten ossis pubis) ( +,"+1/&812 

89,3( (tuberculum pubicum) /% 8%,6(7/12 81&'(. :,(+%2% &" ( /% ;.+",1912 

+,"+1/&812 9"<( (lig. pubicum Cooperi). :",(=",/( +,(+12: &,"-0% 3,%/% 

',(=.,8%>(2" ?,%+%9" 6(/(2" (linea aspera), 1</%7"/% 8%1 7"#$%&'% 6(/(2% (linea 

pectinea) 

@.3( +,(91-(6%> 4.'% (m. adductor longus) 2" &)"#'"/ ./.',% 1- 7"#$%&'13 

)(#(*%. 5"/',%6/( +,(+12 ). 2" /% +,"+1/&812 89,3( (tuberculum pubicum) % 

+",(=",/( /% ?,%+%912 6(/(2( (linea aspera), . +,"-"6. &,"-0" ',"*(/" '"6% 

=").,%. 

A +18,"'. %-.8>(2" 21# .7"&'9.2. ( -10( &/1+19( 9"6(813 &"-%6/13 )(#(*% 

(m. gluteus maximus). 

B:CDEFGE HCIE5JKE A LMNCOA ;A;E 

:18,"' &+1$%#0" ,1'%>(2" (<91-" +"69(',1?%/'",(7/( )(#(*( - 3,.+% 1- 

#"&' )(#(*% 46(&8" %/%'1)&8" 618%6(<%>(2", &6(7/(? 1-6(8% ( <%2"-/(78(? 

=./8>(2%. A 19. 3,.+. .4,%2%2. &": 8,.#8%&'( )(#(* (m. piriformis), ./.',%#0( 

<%+1,/( )(#(* (m. obturatorius internus), 31,0( 46(<%/%> (m. gemellus superior), 

-10( 46(<%/%> (m. gemellus inferior), &+1$%#0( <%+1,/( )(#(* (m. obturatorius 

externus) ( 7"'9,'%&'( )(#(* 4.'% (m. quadratus femoris). 5"/',%6/( +,(+12( &. 

() ,%&+1,"P"/( /% +,"-012 &',%/( 

&%8,.)% (m. piriformis), &+1$%#012 (m. 

obturatorius externus) ( ./.',%#012 

&',%/( <%+1,/" 1+/" (m. obturatorius 

internus), &"-%6/12 41-$( (m. gemellus 

inferior); &"-%6/12 8,9,3( (m. gemellus 

superior, m. quadratus femoris). 

:",(=",/( +,(+12 () &" /%6%<( /% 

9"6(81) ',1?%/'",. (trochanter major) 

=").,%, (<.<"9 89%-,%'.& =")1,(&% 812( 

&" +,(+%2% /% )"P.',1?%/'",/1) 3,"4"/. 

(crista intertrochanterica). 

!"#$% 7: B&'(%)*# +',%,'+#  

- ./"'0- $-$% 
!"#$%: &'()$#)*+ ,. -./*0+$/(1/( 

(/(2$3+4( 5$#6*(. Excelsior, 2009. 
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!"#$%&' ( )'*+"%( $)',-./" +'%-01#" ( 234'5( *(*- 1$)',-&-#( 1 &"41*1 

$"6-471 81.19 (m. gluteus maximus), %"+21#$*1 81.19 (m. sartorius), 2-6/1 

$7')'&1 $+"6/"3 $"6-47'3 81.19- (m. gluteus medius), )'%'8 *+-%*1 )+1&'614-0 

5(%- (m. adductor brevis), :".,-$%1 81.19 (m. pectineus) 1 6(31 )+1&'614-0 5(%- 

(m. adductor longus). 

;<;=>?@A? >B=?CDE? ; FGHBI; J;J? 

K-41 $"6-471 81.19 (m. gluteus minimus) 4"L1 1$)'6 1 1$)+"6 34(%"($ 

8"61#($-. C"7%+-47' $" )+1)-#- 7- )+"6/"8 )',( $)',-./" 5"6+"7" #-8" (fossa 

iliaca externa) 1$)+"6 )+"6/" $"6-47" 4171#" (linea glutea anterior) M"+1N"+71 

)+1)'# 8( #" 7- )+"6/'# 1&101 &"41*'3 %+'O-7%"+- (trochanter major) N"8(+-. 

;7(%+-./'# +'%-01#1 ( 234'5( *(*- 6')+17'$" 1 2-%"2-: 5(%7" N-$01#" (m. 

tensor fasciae latae), &"41*1 )+1&'614-0 5(%- (m. adductor magnus), &1%*1 81.19 

(m. gracilis), $+"6/1 $"6-471 81.19, 2-6/18 $7')'&18- (m. gluteus medius) 1 

)'4(')7-$%1 81.19 (m. semimembranosus)  

!"#$%& #'(%)" *+*" 

!"4'&1 234'5- *(*- $" "85+1'7-47' +-2&1#-#( )+'0"$18- *-&1%-01#" 1 

61N"+"701#-01#" 12 8"2"7O18-47'3 %*1&-11, %-*' 6- $" %'*'8 $"68" 7"6"," 8'3( 

(':1%1 5(6(91 -0"%-5(4(8 1 34-&- 5(%7" *'$%1, ( %'8 6'5( $-$%-&,"71 '6 

O+$*-&10". ='*'8 $4"6"9" :"%1+1 7"6"," 6'&+.-&- $" +-2&'# 6"%-,71O 

-7-%'8$*1O "4"8"7-%-. F6+-& 234'5 *(*- ( N"%-47'8 $%-61#(8( *-+-*%"+1." 

$N"+1:7- *'73+("701#- 34-&" N"8(+- 1 -0"%-5(4(8- 5"2 17%"+)'2101#" 8"*1O 

%*1&-, 1 6'5+' 6"N171$-7 -0"%-5(4-+71 4-5+(8 '.%+" $4'5'67" 1&10".  

J'6 26+-&1O 7'&'+'P"7:-61 #" 8'3(9" (':1%1 12+-L"7( O1)"+8'5147'$%, 

-41 1 27-:-#7( $%-5147'$% *(*'&-, 2-O&-,(#(91 +-&7'%"L1 (7(%+-./1O 

()'6(6-+7'$% 234'571O )'&+.17- 1 N4(167" *-+-*%"+1$%1*" 234'57" %":7'$%1) 1 

$)',-./1O N-*%'+- (%'7($ 81.19- *'#1 )+"8'.9(#( 234'5 *(*-, "4-$%1:7'3 

413-8"7-%- 1 234'57" *-)$(4", *-' 1 )+-&-0 1 17%"721%"% +"2(4%-7%" $14- ( 81+( 

1 )+1 *+"%-/()12. 

='*'8 6-,"3 +-2&1%*-, )' '5'6( -0"%-5(4(8- #-&,-#( $" $"*(76-+71 

'$1N1*-01'71 0"7%+1: )(51:71 1 141#-:71 ( '$8'# 3'6171, - 1$O1#-61:71 ( 
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!"#$%& #'%' (')%$*+. ,)$-$('.$*' /0$0'#$*'/%+ 10)('2$.+ *+ )3"0 30".+): -&4$*+ 

"2$1 +3$-$4' )+ #+5'2'*& /+( & 3+0$"#& "# 17-18. !"#$%+, &4 6"!&7%")/ $4")/'%(' 

-&4$*+ 3&8$9%+ +3$-$4+- )/':+ ("*+ )+ %'4$2' os acetabuli persistens. ;"("6 0')/' 

$ 0'42"*' '.+/'8&<&6' 3"2+7'2' )+ $ :+!"2' #&8$%', 5/" #"30$%")$ 3"8"=5':& 

%'/(0"2=+%")/$ $ 3"2+7':& ("%/'(/%+ '0/$(&<'0%+ 3"205$%+13. 

>3"0+#" )' 6"0-"<"5($6 0'42"*+6 '.+/'8&<&6', 0'42$*' )+ $ 30"()$6'<%$ 

"(0'*'( -+6&0': !<'2' -+6&0' )+ ("%!0&+%/%" &2+7'2', ' :+%' 30")/"0%' 

"0$*+%/'.$*' 6+:' & 30'2.& )6':+:' ("<"#$*'-$4'0%"! &!<' $ 3"2+7':' &!<' 

'%/+2+04$*+ 20'/' -+6&0', 20+6+%"6 #")/$?&7$ 20+#%")/$ ('0'(/+0$)/$9%+ 4' 

"#0')<& #"8. @0"()$6'<%' -+6"0'<%' -$4' )+ 4'/2'0' "(" 15-16. !"#$%+ ("# 

#+2"*9$.', ' "(" !"#$%& #'%' (')%$*+ ("# #+9'('.  

A'?%" *+ %'!<')$/$ #' )+ $%/+%4$2'% 0'42"* 4!<"8' (&(' & .+<$%$ $ :+!"2' 

6'/&0'.$*' #+5'2' /"("6 3&8+0/+/' (3+0$"# "# 3"*'2+ 302$1 )+(&%#'0%$1 3"<%$1 

"#<$(' #" 3"<%+ 40+<")/$) $ '#"<+).+%.$*+ (3+0$"# "# &)3")/'2=':' 3"<%+ 

40+<")/$ #" "("%9':' 6"0-"<"5("! 0')/' $ 0'42"*'), #'(<+ & &)<"2$6' 8&0%$1 

'%'/"6)($1 $ -$4$"<"5($1 30"6+%' 9$/'2"! 9"2+9$*+! "0!'%$46'. > %'5"* 

)0+#$%$ )+ 3"9+/'( 3&8+0/+/' ("# #+2"*9$.' *'2=' "(" #+)+/+ !"#$%+ ' 4'205+/'( 

'#"<+).+%/%"! 3+0$"#' #+5'2' "(" 18. !"#$%+, #"( )+ ("# #+9'(' 30".+)$ 

3"6+0+%$ 4' "(" #2+ !"#$%+ (')%$*+, &4 $40'?+%+ $%#$2$#&'<%+ 2'0$*'.$*+ ("# "8' 

3"<'.  

B' -$4$"<"5(+ /'9(+ !<+#$5/', 0')/ $ 0'42"* 4!<"8' (&(' /"("6 3+0$"#' 

3&8+0/+/' $ '#"<+).+%.$*+ *+ 4%'/%" )3"0$*$ %+!" & #+9*+6 &40')/&, /+ *+ $ 

-$4$"<"5($ 0+6"#+<'.$"%$ 3"/+%.$*'< ("5/'%"! /($2' &6':+%14. C40'?+%' 

/+?:' 4' -$4$9("6 '(/$2%"57& $ 6'()$6'<%$ 6"/"0$9($ 4'1/+2$ /$3$9%$ )& 4' 

3+0$"# '#"<+).+%.$*+, /'(" #' *+ #$*'!%")/$(' $ <+9+:+ 3"0+6+7'*' 4!<"8' (&(' & 

/"6 3+0$"#&, & &)<"2$6' %'/30")+9%"! "3/+0+7+:' ' %+3"/3&%+ )(+<+/%+ 

40+<")/$, 2+<$($ $4'4"2. 
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!"#$%$&'() *"+,)-.#'/)($ 0-1"2' *.*' . 3$#)"4. '4"1$5/$+/)($ 

! "#$%&'(# ) "#$*"#%#$")$# +,+-&.# %)$& /& 0+/1&2)3& )/0+-#4#$5 5 

#2+1&/3&"3)$) 5,6#$#$5 /& 6#*4+$") 0+6&7#(#$ 858# - 9:;, <&=-;#14&-:&6>&/+4# 

,+1&/> - <?:, &0)@)*)+1)*# =1#4& @&756# - ABC, ) 0+/>6&2583)+"# #4#/851#6"# 

"&86+*# =1#4& ,5>"& 8+/>) - :DE. ;#6#8>&6)'5 )F 6#*1)%)>) 0#>+@)*)+1+'8) 

/50/>6#>) ("&06#4)1"# 8+"@)=56#3)$# ) +6)$&">#3)$# F)0+01#/>)%"+= 

#3&>#,5157# 8+2 9:;, &8/>65*)$# =1#4& @&756# ) .&"# 0+/1&2)%"# /5,158/#3)$# 

8+2 <?:, )1) 2&@+67#3)$# =1#4& ) 46#># @&756# 5/1&2 /81)*"5(# =+6.& 

@&7+6#1"& &0)@)*& /# /4+$& #"#>+7/8& 0+*)3)$& "# 46F5 46#># @&756# 8+2 

&0)@)*)+1)*&, )1) 5/1&2 $#>6+=&"+= +'>&(&.# .&"& 4#/851#6)*#3)$& 8+2 :DE), ) 

*#$&2")%8) ,)+7&F#")%8) 6&*51>#>: 0#>+1+'8) +2"+/ *=1+,")F 0+46')"# *=1+,# 

858#. 15,16,17,18,19,20. E&0+252#6"+/> *=1+,# 858# $& 751>)@#8>+6/8+ />#.&, # 

0+6&7&(#$ #3&>#,5157# 5 "#$')6&7 /7)/15 >& 6&%) $& "#$%&'() 5*6+8. :+'>+ $& 

#3&>#,5157 >6+2)7&"*)+"#1"# />658>56# %)$# 0+46')"# 8+$# 5 @)*)+1+'8)7 

5/1+4)7# +2=+4#6# +2/&%85 /@&6&, 5 =&+7&>6)$/8+7 /7)/15 7+G&7+ 75 +0)/#>) 

+,1)8, 4&1)%)"5 ) 06+/>+6"5 +6)$&">#3)$5 5 +2"+/5 "# 8#61)%"5 8+/>, "# 8+$+$ /& 

"#1#*). H4#8# +2 "#,6+$#")F =&+7&>6)$/8)F 8#6#8>&6)/>)8# #3&>#,5157# 7+G& 

,)>) 0+6&7&(&"#, ) >+ *#/&,"+ )1) 5 8+7,)"#3)$) /# +/>#1)7#. 

 D3&>#,5157 0+6&7&(&"+= +,1)8#, +2"+/"+ 5 >+6*)$), >#8+ 2# 75 65, "& 1&G) 

5 $&2"+$ 6#4"), 7+G& 2+4&/>) 2+ /0+-#'.&= (pincer) >)0# /)"26+7# @&7+6+-

#3&>#,51#6"+= /52#6#.  

I&1)%)"# #3&>#,5157# /& 06+3&.5$& "# +/"+45 0+6&J&.# /# 4&1)%)"+7 =1#4& 

@&756#, >#8+ 2# 06&7#1) (+2"+/"+ "&2+4+-"+ 4&1)8)) #3&>#,5157 /& "#$%&'(& 

4)J# 8+2 0+/1&2)3# :&6>&/+4& ,+1&/>) (coxa magna, coxa plana, coxa brevis) )1) 

&0)@)*)+1)*& =1#4& ,5>"& 8+/>) (pistol grip) /# 7+=5(+7 0+/1&2)3+7 5"5>6#'.&= 

(cam) >)0# /)"26+7# @&7+6+-#3&>#,51#6"+= /52#6#. 

E#$%&'(& 2)$#="+/>)8+4#") 0+6&7&(#$ #3&>#,5157# $& 4&*#" *# 0+=6&'"5 

+6)$&">#3)$5, *,+= %&=# /& "# +4+ />#.& ) 06)7&.5$& >&67)" 2)/01#*)$# (=6%. !"#- 

1+'& + $%&'(- />4+6)>), "#06#4)>)). K6)$&">#3)$# #3&>#,5157# /& 2&@)")'& 

06+$&83)$+7 65,# #3&>#,5157# "# >6) />#"2#62"& #"#>+7/8& 6#4"), +2"+/"+ 

0+7+(5 >6) 5=1#. 
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• ! "#$%&'(%$) #'*%+ &$ ), '-,&'./('#%+ +%0,12, '(+ 2, 1$0 $0#'2(+3 

#/&+%21+ 1$#+2&+ 4+.,#5$* 67 (central edge) /5'$, 1'$ 8,#' 

%'&1#$*9,%$2&+ 5('*, ./&%, 1$2&+ '-,&'./(/8$821. 

• ! 3$#+:$%&'(%$) #'*%+ $;+2/), 2, 2&,;,% '-,&'./('#%, *,#:+),, 1$)' 

8$<, .+&+ '%&,*,#:+)' ($&*$#,%$2& '-,&'./(/8' ;/& %';#,0 + /;$9,, =&$ 

), 1'#'1&,#+2&+1' :0#'*+3 1/1$*') +(+ #,&#$*,#:+)' ($&*$#,%$2& 

'-,&'./(/8' ;/& %':'0 + /;$9,). >$0 ;#+2/&%, #,&#$*,#:+), '-,&'./(/8' 

:%'?')%/ /($5/ +5#' + %'?+% 2%+8'@' #'0+$5#'8' 1'#(+-, 2' 1/1$*+8': 

%'+8,, #,&#$*,#:+)' '-,&'./(/8' /$?,%' %' 2%+81/ %'?+@,%$8 / 

(,<,A,8 ;$($<')/ 2, / %')*,A,8 .#$)/ 2(/?'),*' +:5/.+ /1$(+1$ 2, 

#'0+$5#'8 2'?+%+ / 2&$),A,8 2&'*/22. 

• ! 2'5+&'(%$) #'*%+ 2, $;+2/), '-,&'./('#%' #$&'-+)' (tilt) 1$)' 1$0 

:0#'*+3 1/1$*' ;#,8' +2&#'<+*'@/ B/C+)' + 2'#. +:%$2+ 21,1+/-7,3 

2&,;,%' ;/& /%':'0, ' 1$0 0+2;('2&+?%+3 1/1$*' +:%$2+ ;#$2,?%$ ;#,1$ 

25 2&,;,%+23. D*') %'(': ;$&*#E/), 1(+%+?1$ :';'<'@, 0' ), ;#+ 

$;,#'&+*%$) #,$#+),%&'-+)+ '-,&'./(/8' ;$*$9%$ +:*#=+&+ + #$&'-+)/ 

;/& %';#,0. 

!"#$%&'()"*$ 

&+,-./01 21345631 76,1 87+98,8 :+ 4;12825<6 46;.3.0+,+ 9=>6?+ 787+ 8 

4623+5;+:63 89;+258 28 ?6>:. 5.=6?., 193.@.:1 25+< 5.>+ 1 46;.3.0+, A6B+. 

*>1:1-713 4;.=>.B63 2. :+,-./0. 86-+<+ 6=;+:1-.@. 6?13+ 467;.5+ 

(:+;6-156 ;65+56;:1A), 46,+<+ );.:B.>.:?8;=6<6= 9:+7+24 1 =.=+,80.= A6B+ 

(46;.3.0+, :1<.>+C1,. 7+;>1C. 8 D;6:5+>:6, ;+<:1 19+9<+: 62>+?E.:63 

D8:7C1,63 31/10+ +?B8756;+ 6?6>.>6= 9=>6?+), 7+6 1 A;+3+@+ (46;.3.0+, 

6?;+2C+ 1 ;153+ A6B+ :.82>6<E.: :1<.>+C1,63 7+;>1C.). F16A.31,27. 1 B;8=. 

>+?6;+56;1,27. +:+>19. 28 :.64A6B:. ;+B1 .<+>8+C1,. B1D.;.:C1,+>:6-

B1,+=:6251-71A 676>:6251, 7+6 1 8 27>648 4>+:1;+@+ B+E.= >.-.@+. 

G:+-+,:6 3.256 8 B1,+=:6251C1 9+8913+ <198.>19+C1,+ 76:D1=8;+C1,. 

7+;>1C. 1 9=>6?6<+ 787+. 'B <1/. B62584:1A 3.56B+, ;+B16=;+3 ,. :+,46<6E:1,+ 

9+ 76;1/0.@. 1 8 4;+721 :+,9+2584E.:1,+. 
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!"#$%& '( )(*#+# ,-.' $/%&0%-0#1.)%&#2 3(/.0% "-(4#1&.5 3(-(6% 

-%1*#7#/#2 15*.,&#2 "%-%3(/%-% &% -%0#.5-%38, 1&%7%'&#2 1% .0-(9#)%6( 

$/%0#'83% ,.*($/# # #&0#+.)%6( ."/#3%*&.5 3(/.0% *(7(6%. :%'7(;<( 

+.-#;<(&( -%0#.5-%=$+( )(*#7#&( 8 "-.4(&# ".-(3(<%'% +.&=#58-%4#'( 15*.,% 

+8+% 8 %0.*($4(&/&.3 "(-#.08 $821: 

1. >4(/%,8*%-&# 85%. (?#*5(&-%'&(-) – 7#&( 5% *#&#'% ".)87(&% 

+-.1 /-#-%0#'%/&( 2-$+%)#4(, # *#&#'% +.'% $"%'% /-#-%0#'%/&8 

2-$+%)#48 # &%')#;8 /%7+8 %4(/%,8*83%.  

2. @=(-#7&.$/ 5*%)( =(38-% (A.1() – 8+*%"%6( +.&/8-( 5*%)( 

=(38-% 8 ;/. 3%6# ,-.' +.&4(&/-#7&#2 +-85.)% &% A.1(.).3 

+-8B&.3 *(6#-8. 

3. C%/(-%*&# DE 85%. (F#,(-5) – 7#&( 5% *#&#'( +.'( "-.*%1( +-.1 

4(&/%- 5*%)( =(38-%: '(0&% '( )(-/#+%*&%, % 0-85% 0.0#-8'( -8, +-.)% 

%4(/%,8*83%. 

4. >4(/%,8*%-&# #&0(+$ (?('3%&-?(-&0.&) – .0&.$ 08,#&( # 

"-(7&#+% %4(/%,8*83%.  

 

 

!"#$% "& '()*+ 8-11: Vuka,inovi- Z, Zaji- Lj, Vukadin O. Radiographic assessment of the hip by 

measurement of different angles and indices. Acta Orthop Iugosl 1997; 28:27-31.

!"#$% 8: A4(/%,8*%-&# 85%. !"#$% 9: @=(-#7&.$/ 5*%)( =(38-% 

!"#$% 10: F#,(-5.) DE 85%. !"#$% 11: >4(/%,8*%-&# #&0(+$ 
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!"#"$" 

% &'()*+, -+*.'/0'10)2' -0'3-4,.-(1- +)/&.-5)2-, &*/'41* 4.-6- ) 

)5*.*7-1-, 8'/3* 1' +-2' 1)9-97' /):&3*:'. ;3*6- /' 9-* *&<3) 0)= .'8'>- 

+)/&.-5)2' 9,9- , *7*: ,5(-/3, 1-:'?' /' &('7'10)2- &('7(':'1' +'6'1'(-0)2' 

56.*4- ) (-1*6 )17-.)+)3'3-16,25,26,27,28,29,30. @'A,3):, ,9*.)9* 2' , 3*: /:)/., 

1'*&B*+1* &():'1)3) *&'(-3)71* .'8'>', 9-9* *+-4(-3) 1-2-+'97-31)2, 

&(*0'+,(, ) 1-2&*6*+1)2) :*:'1-3? C)<' /3,+)2- 2' (-A'1* /- 0)=': )51-.-D'>- 

*42'93)71)B 9()3'()2,:- &*6*+1)B 5- *+.,9, * *&'(-3)71*: .'8'>, /- <3* 

4*=): )/B*+*:25. E:- :)<='>- +- 2' 7-D1* B)(,(<9) 9*()6*7-3) +)/&.-5)2, , 

&'()*+, &(' 5-37-(->- &(*9/):-.1' F':*(-.1' '&)F)5', - &*6*3*7* &(' &*8'39- 

4*.1)B 3'6*4-31. G*2-7- 4*.- 1-2-7=,2' 4(5, &(*6('/)2, +'6'1'(-3)71)B &(*:'1-, 

) 3-+- &():'>'1* ('9*1/3(,93)71* .'8'>' 1' +-2' +*4-( ('5,.3-3. E&-9, ):- 

-,3*(- 9*2) 1-7*+' ,/&'B 1-9*1 &():'1' ('9*1/3(,93)71*6 .'8'>- ) , *+:-9.*2 

F-5) 4*.'/3)32,33,34,35. 

H&'(-0)2' 1-39(*7=-7->- (”<'.F”), 1'9-+- <)(*9* &():'>)7-1', +-1-/ 

):-2, )/3*()2/9) 51-8-2. ;-7(':'1) &()/3,& .'8'>, +)/&.-5)2' -0'3-4,.,:- ) 

+(,6)B &*(':'?-2- 9*16(,'10)2' 56.*4- 9,9- *4,B7-3- */3'*3*:)2' 9-(.)0'36,37. % 

*+1*/, 1- *&'(-3)71) 0)= */3'*3*:)2' 9-(.)0' /' +'.' 1- +7' */1*71' 6(,&': 

('9*1/3(,93)71' */3'*3*:)2' ) */3'*3*:)2' /&-/-. 

I'9*1/3(,93)71' */3'*3*:)2' 9-(.)0' ):-2, 5- 0)= 9*('90)2, +)/&.-5)2' ) 

&('7'10)2, 9*9/-(3(*5' &,3': )5:'1' &*.*D-2- -0'3-4,.,:- , *+1*/, 1- &(-7-0 

('5,.3,2,?' /).' , 56.*4, 9,9-. J):' /' :'B-1)89) ,/.*7) , 56.*4, &()4.)D-7-2, 

F)5)*.*<9): ) &('+/3-7=-2, 97-.)3'3-1 /3):,.,/ 5- +,6*3(-21) &(*0'/ 

&()(*+1' (':*+'.-0)2' -0'3-4,.,:-25,38. H&<3) ,/.*7) 5- ('9*1/3(,93)71' 

*/3'*3*:)2' /,: ,5(-/3 :.-A) *+ 25 6*+)1-; :)1):-.1) /):&3*:) ,5 &(*6('/)2,; 

51-8-21* *8,7-1 *4): &*9('3-; *+/,/37* 3(-21)B +'6'1'(-3)71)B &(*:'1- 

B(/9-7)0', ) 9*16(,'131*/3 56.*4- 9,9-32,39. % ('9*/3(,93)71' */3'*3*:)2' 

,4(-2-2, /' ;-.3'(*7- (2'+1*/3(,9-) */3'*3*:)2-, +7*/3(,9' */3'*3*:)2' 9-(.)0', 

3(*/3(,9' */3'*3*:)2' 9-(.)0' ) &'()-0'3-4,.-(1' */3'*3*:)2'. 

H/3'*3*:)2' /&-/- /, ,/:'('1' 1- &*4*=<->' F,190)2' *<3'?'1*6 56.*4- ) 

*+.-6->' -(3(*&.-/3)9'. G():'( */3'*3*:)2' /&-/- 2' K2-()2'7- */3'*3*:)2- 

9-(.)0', 9*2- 2' )1+)9*7-1- 9*+ 9,9*7- 9*2) /, )19*16(,'131) ) 1'/3-4).1) , 
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!"#$%&'%()(#* +,-!&)+ .!'/0%()!. 12#$/2# &% +-!"/ 3$!4#5-%*%(# / .-%'/,(#, 

#5#* *%)#"#* &% *#6% #7%2/5!)/ ,!"#5#8!5!0+9/ "+4#)-!0(/ -%,+$)!)30,40,41,42,43,44. 

:7/4$%"(# 0% "! -%2#(&)-+2)/5(% #&)%#)#*/0% + (!7%$+ /*!0+ .-%"(#&) (!" 

"-+4/* *%)#"!*! $%7%;!, )% "! <0!-/0%5! #&)%#)#*/0! .-%"&)!58! /,(+=%(# 

-%>%;% + &/)+!'/0/ 2!"! 2-/)%-/0+*/ ,! .-/*%(+ -%2#(&)-+2)/5(/? #&)%#)#*/0! 

(/&+ /&.+;%(/, ! (/ .-/*%(! !$#!-)-#.$!&)/2% ,4$#3! 2+2! (% 3/ "#5%$! "# 

,!"#5#8!5!0+9%4 "+4#-#7(#4 -%,+$)!)!44. 

@!$)%-#5! #&)%#)#*/0! 2!-$/'% 

@!$)%-#5! #&)%#)#*/0! 2!-$/'% 0% #./&!(! 1961. 4#"/(% 2!# ?/-+->2/ *%)#" 

2#0/ &% 3!,/-! (! 7/;%(/'/ "! &+>)/(! "/&.$!,/0% 2+2! (/0% &!*# + "%A%2)+ 

2-#5! !'%)!3+$+*!, 5%9 / + -#)!'/0/ +(!,!" / .-%)%-!(#0 !3"+2'/0/ 7/)!5#4 

!'%)!3+$+*!. :&)%#)#*/0#* /$/0!7(% 2#&)/ / "/&$#2!'/0#* "/&)!$(#4 (!'%)!3+-

$!-(#4) A-!4*%()! .+) (!.-%", (!(/6% / +.#8%, .#&)/6% &% .#3#8>!;% 

(!)2-#58%(#&)/ 4$!5% A%*+-! 3%, 

.-#*%(% #3$/2! (/)/ ,!.-%*/(% &!*#4 

!'%)!3+$+*!45. B#>)# &% "/&$#2!'/0! 

!'%)!3+$!-(#4 A-!4*%()! (!2#( 

#&)%#)#*/0% #&)5!-+0% -#)/-!;%* + 

&!*#0 (%&-!&$#0 .+3/7(#0 &/*A/,/, 

.-5% #.%-!'/0% &+ +-!=%(% + &2$#.+ 

#.%-!)/5(#4 $%7%;! $+2&!'/0% 2+2! 

2#" "%'% +,-!&)! #" 18 *%&%'/ "# >%&) 

4#"/(!. C%=+)/*, !+)#- 0% (!5%# / "! 

0% #5/* .+)%* *#4+9% $%7/)/ / &+3$+2&!'/0% .-/&+)(% 7!2 / + !"#$%&'%('/0/ / 

2#" *$!=/? #"-!&$/?32,39. B-/ -%#-/0%()!'/0/ !'%)!3+$+*! 2#" @!$)%-#5% 

#&)%#)#*/0% (%*/(#5(# "#$!,/ / "# ;%4#5#4 &.+>)!;!, >)# "#5#"/ "# .-#"+6%;! 

%2&)-%*/)%)! / "# .#5%9!;! .-/)/&2! + #.%-/&!(#* ,4$#3+. <!2# 3/ &% #5# 

.-%"+.-%"/$#, #&)%#)#*/0/ 2!-$/'% &% + /&)#* !2)+ "#"!0% !3-%5/0!'/#(! 

#&)%#)#*/0! A%*+-!18,46. D#"!)(! "%-#)!'/0! -!"/ .#3#8>!;! (!)2-#58%(#&)/ / 

2#(4-+%('/0% 0% + .#7%)2+ -!=%(!, !$/ 0% (!2(!"(# (!.+>)%(! 2!# 

(%.#)-%3(!47,48,49. B#3#8>!;% .#2-%)! / "#"!)(# -!&)%-%9%;% ,4$#3! 2+2! 

!"#$% 12: @!$)%-#5! #&)%#)#*/0! 2!-$/'% 
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!"#$%&' #' ("()$*"+ (',%*#'-.%/"+ 0)-1%.' !-'+) 2'+3'14, $'*"$"+%/"+ 

%1%"!#")#) % '5'*$4)1*"+ $'*"$"+%/"+ )(40$"-) 6'+4-).  

2/)-%/'5) "#$'"$"+%/) 0)-1%.' 

2/)-% /' 1955. 7"(%*' "!%#)" $'8*%04 "#$'"$"+%/' 0)-1%.' #) 

+'(%/)1%,).%/"+ (%#$)1*"7 6-)7+'*$), 4 .%94 #$5)-):) ("3-" 5)#041)-%,"5)*' 

0";$)*' !1)$6"-+' %,*)( 71)5' 6'+4-), 4, %*$'-!",%.%/4 ,71"3*' 0)!#41'50. 

<!;$% 4#1"5 ,) :'*4 !-%+'*4 /' 

"=45)* 64*0.%"*)1*% "3%+ !"0-'$) 4 

,71"34 040)51. >+) )4$"-) 0"/% 0)" 

("()$*% 4#1"5 *)5"(' % "(#4#$5" 

,*)=)/*%8 "#$'")-$-"$%=*%8 !-"-

+'*)16,19,52,53,54. ?"&' #' 0"-%#$%$% % 

0"( #43140#).%/' 040), !"( 4#1"5"+ /' 

$'8*%=0% %,5"(9%5" !-)5%1*" "-%/'*-

$%#):' -)5*% "#$'"$"+%/'43.  

< !-%+'*% 2/)-%/'5' "#$'"-$"+%/' 0)-1%.' 4 1'=':4 %,"1"5)*' (%#!1),%/' 

040) 4 )("1'#.'*$*"+ !'-%"(4 *'+) !4*" #)"!;$':). <*) /' 471)5*"+ 

!-%+':%5)*) 0"( @'-$'#"5' 3"1'#$%, 4 #14=)/'5%+) 0)() /' 71)5) 6'+4-) 

'0#$-4(%-)*) % ('6"-+%#)*) 4, 743%$)0 !"(4()-*"#$% ,71"3*%8 !"5-;%*)44,54. 

@";$" *'+) 4$%.)/) *) 0"*7-4'*.%/4 ,71"3) 040), 2/)-%/'5) "#$'"$"+%/) *' 

,)4#$)59) !-"7-'#%/4 ('7'*'-)$%5*"7 !-".'#), (" 0"7) *)0"* -),1%=%$"7 

5-'+'*#0"7 !'-%"() %!)0 *'+%*"5*" ("1),%40,51,53,55,56. >!)0, !"/'(%*% )4$"-% *) 

"#*"54 #"1%(*%8 -',41$)$) 0"( !).%/'*)$) 0"/% /"; 45'0 *'+)/4 #%+!$"+' *% 

,*)0' "(+)01%8 ('7'*'-)$%5*%8 !-"+'*), 2/)-%/'54 "#$'"$"+%/4 =)0 $-'$%-)/4 !-' 

0)" !-"6%1)0$%=04 "!'-).%/4, *'7" 0)" "#$'"$"+%/4 #!)#)57. 

A, 2/)-%/'54 "#$'"$"+%/4 #' "3%=*" %,5"(% % !-'+';$):' (1)$'-)1%,).%/) % 

(%#$)1%,).%/)) 5'1%0"7 $-"8)*$'-), -)(% !"3"9;):) 0-)0) #%1' )3(40$"-*%8 

+%;%B). C0-)B%5):' 6'+4-) *)/=';B' *%/' !"$-'3*", )1% %+) % (-47)=%/%8 

+%;9':)19,32. 

!"#$% 13: 2/)-%/'5) "#$'"$"+%/) 0)-1%.' 
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!"#$%"&'( #$%)#%#*+,( '("-+.) 

/"+*)0#* 1(-%)"#2) + 3,("+,)2) #$%)#%#*+,) +-+,(40) '#$%+ '#5 6(.+,)0(%( 

& (5#-)$.)0.+,+, &#4)0+ $& +72)$0+ 0)5#$%(.+. 

8$-)5 $*(9)0) )-($%+40#$%+ 6&:+40) $+*;+7), '#5 6(.+,)0(%( $%("+,+< #5 

10 =#5+0( 1(-%)"#2#* #$%)#%#*+,#* $) 0+,) *#=-( 6#$%+>+ 5#2#?0# 5#:"( 

")#"+,)0%(.+,( 5+$6-($%+40#= (.)%(:&-&*(47. /#")5 %#=(, 5+$%(-+7(.+,( 

(.)%(:&-&*( +7+$'&,) #6)"(%+20# $'"(>+2(9) ;)*&"( & $&:%"#<(0%)"0#, ")=+,+, 

,)" & 6"#%+20#* 5#-(7+ 5# ;&0'.+#0(-0#= 6"#5&@)9( 0#=) + 6#2)>(0#= 6"+%+$'( 

7=-#:0+< <"$'(2+.( $( &:"7(2(9)* 0($%(0'( 5)=)0)"(%+20+< 6"#*)0(26,27,28,29,47. 

3,("+,)2( #$%)#%#*+,( 7( 6#$-)5+.& +*( ;&0'.+#0(-0# $'"(>)9) #6)"+$(0) 

0#=) &7 %)05)0.+,& 0($%(0'( =)=(,&>)= <#5(26,27,28,29,30. A#5+"0& 6#2"B+0& 0( 

0#2#;#"*+"(0#* 6"#5&@)%'& (.)%(:&-&*( 0) 4+0+ <+,(-+0( <"$'(2+.( 2)> 

2)7+20# %'+2# (7=-#:0( '(6$&-() '#,) 2")*)0#* &$-)5 *)<(0+4') $%+*&-(.+,) 

*)%(6-(7+"( & ;+:"#70& <"$'(2+.&. !('#C), '#5 *-(C+< 6(.+,)0(%( #6+$(0# ,) + 

#B%)>)9) (.)%(:&-("0) <"$'(2+.) "($%( $( 6#")*)>)0+* "(72#,)* (.)%(:&-&*(44. 

8 .+?& &$6)B0+,)= ")B(2(9( 

6#")*)>(,( 6#5&5("0#$%+ 7=-#:0+< 

6#2"B+0( 7=-#:( '&'( & 

(5#-)$.)0%0#* &7"($%&, & 6"('$& $& 

&2)5)0) 52#$%"&'), 6#%#* + %"#$%"&') 

#$%)#%#*+,) '("-+.)58. A(0($ #0) 

6")5$%(2?(,& 0(,$(2")*)0+,+ *)%#5 

#6)"(%+20#= -)4)9( 6#")*)>(,( 

.)0%"(@), 6#'"+2)0#$%+ + 

$(5"@(0#$%+ 7=-#:( '&'( 7( &7"($% 

$%("+,+ #5 10 =#5+0(. D6B%+ &$-#2 7( 9+<#2& 6"+*)0& ,) $;)"+40( '#0="&)0.+,( 

(.)%(:&-&*( + =-(2) ;)*&"(, #4&2(0 ;&0'.+#0(-0+ #:+* 6#'")%( & %#* 7=-#:&, 

'(# + #5$&$%2# 70(4(,0+< 5)=)0)"(%+20+< 6"#*)0(32,48,59. E) 6"+*)9&,& $) '#5 

-&'$(.+,( '&'( + #%2#")0#$% %"+"(5+,(%0) <"$'(2+.), 5#' $%("#$% 6")'# 25 =#5+0( 

6")5$%(2?( ;('%#" "+7+'( 7( 6"#=")$+,& #B%)>)9( 7=-#:(60,86. 

/")*( &5(?)0#$%+ *)$%( #$%)#%#*+,( '#$%+ '("-+.) #5 (.)%(:&-&*(, 

%"#$%"&') #$%)#%#*+,) *#=& 6#5)-+%+ 0( %"+ ="&6): 6("((.)%(:&-("0) (=5) ,) 

!"#$% 14: !"#$%"&'( #$%)#%#*+,( '("-+.) 
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!"!#$%&$ '()*')'+!#$ &$ !()'+ +*(), -$' ! -'. /$")*0'1* '()*')'+!#*, $ 2,3!%&$ 

! !(4!#$.!%&$ 0*"$)!1&' .$"*-' '. $5*)$3,",+$), 2*0!- '.&'(&' 

#,-()$$5*)$3,"$0&* (!"!#$%&$ '()*')'+!#$ #* &$ &*20'+*6*&'+ +*(),, $ .0,7* .1* 

-'()! (* '()*')'+!0$#, 3"!8* $5*)$3,",+,) ! $5*)$3,"$0&* '()*')'+!#* 

('()*')'+!#* (, ($(1!+ 3"!9, $5*)$3,",+$, )'"!-' .$ (* -$0"!%&! 20()*& ! &* 

20*-!.$).  

!"#$%&'( )*&%)*+,( &%)"&)&-$.( ,(*/$0" 

:*&!('1$ )0'()0,-$ '()*')'+!#$ -$0"!5* 20!2$.$ 70,2! 2*0!$5*)$3,"$0&!4 

'()*')'+!#$, ;)' '+'7,<$1$ 1*"!-, $&)*0'"$)*0$"&, 0')$5!#, $5*)$3,"$0&'7 

=0$7+*&)$ ! 9&$%$#$& &$)-0'1>$1$#,<! ,%!&$-. ?0!7!&$"&, )*4&!-, )0'()0,-* 

'()*')'+!#* $,)'0 #* '3#$1!' 1981. 7'.!&*28,61,62, $ , &$;, (0*.!&, #* ,1*.*&$ 1996. 

7'.!&* ! )' , @&()!),), 9$ '0)'2*.(-'-4!0,0;-* 3'"*()! –“A$6!5$” , 

A*'70$.,63. ?. )$.$ .' .$&$( ,0$B*&' #* 1!;* '. 100 '1$-1!4 '2*0$5!#$64. C$' 

2"'. (!()*+$)(-* 4!0,0;-* *1$",$5!#* 0*9,")$)$ ($ #*.&*, $"! ! !90$8*&* 

20'=*(!'&$"&* ($0$.6* ($ $,)'0'+ +*)'.* -$' ! ($ 1'.*<!+ *10'2(-!+ 

4!0,09!+$ &$ '1'+ 2'>,, )'-'+ 20!+*&* #* '($10*+*6*&$ ,1'B*6*+ 

+'.!=!-$5!#* 4!0,0;-'7 20!(),2$ 2,3!%&'# ! !(4!#$.!%&'# -'()! 3*9 (*%*6$ 

$.,-)'0&* +,(-,"$),0*, '2!($&* '. ()0$&* D"$.!+!0'1$28,65. 

?EFGH:@DIH :FJI@CH 

E$5!#*&) "*8! &$ "*B!+$, &'7$ &$ ()0$&! '2*0$5!#* 2'()$1! (* , 2'"'8$# 

="*-(!#* ! $3.,-5!#*. ?2*0$)!1&! 20!(),2 -'. :*&!('1* )0'()0,-* '()*')'+!#* 

($()'#! (* !9 .1$ .*"$. K 201'+ .*", (* -0'9 +*.!#$"&! 0*9 ),2'+ 20*2$0$5!#'+ 

&$#20* !9+*B, 2*-)!&*,($ ! $.,-)'0 "'&7,($ (,9 6*7'1, 2$05!#$"&, .*9!&(*05!#, 

($ 7'06* 70$&* 2,3!%&* -'()!) $ 2')'+ , .,3'-'+ ("'#, "$)*0$"&' '. $.,-)'0 

30*1!($ ! !9&$. '2),0$)'0!#,( *-()*0&,($ 20!(),2! 70$&! !(4!#$.!%&* -'()! -'#! 

(* 2')'+ '()*')'+!0$. C0'9 !()! '2*0$)!1&! 0*9 (* 2')'+ 20!(),2! ! 7'06'# 

70$&! 2,3!%&* -'()! &*2'(0*.&' +*.!#$"&' '. '2),0$)'0&'7 (,"-,($, 7.* (* 

."*)'+ ,0$.! '()*')'+!#$ , 0$1&! 2$0$"*"&'# ,9.,8&'# '(! )*"$ !"! ,(+*0*&'# 

3"$7' +*.!'-0$&!#$"&'. E')'+ (* &'7$ !(20,8! ! 2$5!#*&) 10$)! , ()$&.$0&! 

"*8*<! 2'"'8$#, )* (* 20*.6!+ 20!(),2'+ ,0$.! '()*')'+!#$ -0!"$ !"!#$%&* 
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!"#$% "& '()%!"* #(&+),"* -#(!+ &" ./(&0( %'%1( !+/)%2,( !"#$%. 3+$%4 #( "5+'% 

/("/%6(,$+1%6+ #)"5"&,"* +1($+5-)+/,"* 7/+*4(,$+, % ,+!", ."#$%8+0+ 9(:(,( 

!"/(!1%6( +1($+5-)+/,% 7/+*4(,$ #( - ,"'"6 ."8%1%6% #$+5%)%8-6( ./(4+ 

%)%6+2,"4 !/%)- ;%/<,(/"'%4 %*)+4+ %)% ="-)#"'%4 8+'/$0(4, -8 

%,$(/."8%1%6- !)%,+#$"* !+)(4+ -8($"* #+ ./(&0(* &()+ 5(&/(,"* */(5(,+. 

>"#$".(/+$%'," #( ,( ./%4(0-6( %4"5%)%8+1%6+, + /(?+5%)%$+1%6+ ."2%0( 

'(@ $/(@(* ."#$".(/+$%',"* &+,+. =+!", "!" &'( ,(&(:( .+1%6(,$ #( '(/$%!+)%8-6( 

-8 <$+!( % &"&%/,% "#)",+1 ,+ ".(/%#+,- ,"*-, + ./"*/(#%6+ &" .-,"* "#)",1+ 

"5%2," $/+6( 3-4 4(#(1+, ,+!", /+&%"*/+7#!( '(/%7%!+1%6( 8+/+#$+0+ 

"#$("$"4%/+,%? !"#$%6-. 

;"4.)%!+1%6( !"6( ./+$( "'+6 ?%/-/<!% ."#$-.+! #- 4+)"5/"6,( % ,+62(<@( 

,( /(4($( 9(:(,% /(8-)$+$. >"/(& -'(! 4"*-@%? ".<$%? "/$".(&#!%? 

!"4.)%!+1%6( (!/'+':(0(, %,7(!1%6+ /+,(), !"& $/"#$/-!( "#$("$"4%6( #- -"2(,( 

% "&/(A(,( #.(1%7%2,( !"4.)%!+1%6( -#!" '(8+,( 8+ "'+6 $%. ".(/+$%',"* 8+?'+$+. 

B.%#-6- #( )(8%6+ n. cutaneus femoris lateralis $"!"4 ?%/-/<!"* ./%#$-.+, 

"<$(@(0( %)% %/%$+1%6+ %#?%6+&%2,"* ,(/'+ ./%)%!"4 "#$("$"4%6( %#?%6+&%2,( 

!"#$%, ."'/(&+ !"4-,%!+,$,%? !/',%? #-&"'+ - ./(&()- +&-!$"/,( /(*%6( ./% 

4(&%6+),"4 ?%/-/<!"4 ./%#$-.-, ,+#$+,+! ?($(/"$".,%? "#%7%!+1%6+, 

,(#/+#$+0( "#$("$"4%/+,%? .-5%2,%? %)% %#?%6+&%2,%? 7/+*4(,+$+, ./"&"/ 

"#$("7%!#+1%","* 4+$(/%6+)+ - 8*)"5 #+ "<$(@(0(4 8*)"5,%? ."'/<%,+, 

/(&%#)"!+1%6+ "#$("$"4%/+,"* +1($+5-)+/,"* 7/+*4(,$+32,48,66,67,68.  

!"#$%&'(")' *+,#-' ).)' 

CDEFG H DI3CBJ KGFBLI HE>HFHCIMI 

=+ /+8'"6 #!()($+ 8,+2+6," -$%2- 4(?+,%2!( #%)( !"6( ,+ 0(*"'( &()"'( 

#'+!"&,('," &()-6-. =+ 8*)"5 !-!+, !+" ,"#(@% 8*)"5 !-*)+#$"* $%.+, &()-6- 

4,"*"5/"6,( #%)( /+8)%2%$%? ./+'+1+ % #4(/"'+, %,$(,8%$($+ % $/+6+0+, 

#-4%/+6-@% #( - 1(,$/- /"$+1%6( 8*)"5+, !"6% - 7%8%")"<!%4 -#)"'%4+ "&*"'+/+ 

1(,$/- *)+'( 7(4-/+. D(8-)$+,$+ #%)+ 4"9( %4+$% /+8)%2%$- ./"#$"/,- 

"/%6(,$+1%6- % %,$(,8%$($, <$" 8,+2+6," -$%2( ,+ 0(,- &%#$/%5-1%6- &-9 

#7(/%2,%? !",$+!$,%? 8*)"5,%? ."'/<%,+. N!")%!" #- .+/+4($/% /(8-)$+,$( 
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!"#$ % &"'"(#()*"+ ,-$."/$+$, 0-1+$ 2(341--5(#*+$.(6(+ '$*(.% (.$ 

!4"+%#$4"6.( 71#%31 .$ -$'6(3 ',#(8$ *%*$69. 9 !%0-(4.(+ !#%:$3% 7(#$'" 7( 

!46$-$;$ %!#(6$ .$30-1 '$ 0(-1+1<$3 -$'6(3$ ',#(8$, $ *$!."31 " ;1,(6% 

71,1.1-$/"3%. 

=(:14*(+ !17$+71!14"> ,(7".$ 0(3$6?%3% !1 !$(0)41;$ *(3$ ,(6(-1 ( 

'.$:$3% -$!0(71#1 !"#1 0-"4"!*$ % ',#(8% *%*$70,71,72. =a%1#! 31 1978. ,(7".1 

*(.!4$4(6$( 7$ 0(6")1." *(.4$*4." 0-"4"!$* % 0-171#% $/14$8%#$-.(, *-(6$ 

"'$'"6$ $0('"/"3% *(!4" " 71,1.1-$4"6.1 0-(+1.1. @$%:.( ".41-1!(6$;1 !1 

%!+1-$6$ *$ "!4-$A"6$;% 8"(+1>$.":*"> &$*4(-$ 41#1!.1 *(.!4"4%/"31 " 

;">(6(, %4"/$3$ % &"'"(#()*"+ %!#(6"+$ $ .$-(:"4( % 0$4(#()*"+ !4$;"+$ 

',#(8$ *%*$. B-(3." *#".":*" " -$7"(#()*" 0$-$+14-", *$( -1'%#4$4 0-"+1.1 

(01-$4"6."> +14(7$, $.$#"'"-$." !% .$3:1)<1 ". 6"6(, .$ !$+"+ 0$/"31.4"+$. 

=-1/"'."3$ "!0"4"6$;$ .10(!-17.(, 8"(+1>$.":*(, 1&1*4$ .$ 4*"6$ ',#(8$ *%*$ 

!% 0(4(+ -$C1.$ % #$8(-$4(-"3!*"+ %!#(6"+$, ex vivo .$ *$7$61-":."+ "#" 

+1>$.":*"+ +(71#"+$ *$( " in vivo %0(4-18(+ ".4-$$-4"*%#$-."> !1.'(-$ 

(0$-/"3$#.1 0-(41'1 !$ %,-$C1."+ !1.'(-"+$73, ".41-0('"/"(." &"#+(6" 

(!14?"6" .$ 0-"4"!$*74,75, $ % .(6"31 6-1+1 " &"81-(04":*" !1.'(-"76), .$3:1)<1 

.$ *$7$61-":.(+ +(71#%, $#" je %!01).( %!0(!4$6?1. " $."+$#." +(71#77. 

=$-$#1#.( !$ 4"+ 0-"!4%0(+, % 0(!#17;1 :14"-" 71/1."31 -$'6"31.( 31 6")1 

+(71#$ *(3" (0"!%3% 8"(+1>$.":*$ !6(3!46$ ',#(8$ *%*$, $.$#"4":*">7178,79,80,81 *$( 

" .%+1-":*"> ('$!.(6$."> .$ +14(7" $.$#"'1 *(.$:."> 1#1+1.$4$)82,83,84,85,86,87,88,89. 

=-"+1.$ +$41+$4":*(, +(71#(6$;$90,91 7(61#$ 7( 1*!0$.'"31 "!0"4"6$;$ 

*$-$*41-"!4"*$ 7"!4-"8%/"31 !"#1 0-"4"!*$ " ;1."> *#".":*"> 0(!#17"/$. D6$ 

1*!0$.'"3$ 31 "!*(-"!4"#$ ,#(8$#.% ".&(-+$4":*% -16(#%/"3%, " 0(!#17":.% 

!"!41+!*% 0-"+1.% -$:%.$-$ % 8"(+17"/"."92,93. E"+1 31 (+(,%<1.$ $.$#"'a 

+(-&(#()*"> 0$-$+14$-$ !$+(, 0$/"31.4$ (7(8"31."> .$4"6.(+ -$7"(,-$&"3(+, 

FE "#" @GH 6"'%1#"'$/"3(+), " 0-(-$:%. 61#":".1, 0-$6/$ " ".41.'"414$ !"#$ 

*(31 71#%3% .$ ',#(8 *%*$ % &"'"(#()*"+ %!#(6"+$ " -$'#":"4"+ 0$4(#()*"+ 

!4$;"+$, 0-1 " .$*(. 0-"+1.1 (01-$4"6."> '$>6$4$. G$41+$4":*( +(71#(6$;1 

',#(8$ *%*$ (+(,%<$6$ 8(?1 -$'%+16$;1 0-(/1!$ -$'6(3$ $/14$8%#%+$, *$( " 

-$."3% " 0-1/"'."3% *6$.4"4$4"6.% " *6$#"4$4"6.% $.$#"'% 0(-1+1<$3$ 4(, 

-$'6(3$, 4$*( 7$ 31 " *#".":*$ %0(4-18$ -$'#":"4"> +(71#$ % 1*!0$.'"3". 90(-17( 
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!" #$%& '"!#& $ (')* !")+,#&-" .)*" +)#/'01*1 /"2$34)!# )/".) 3)($*&4$5 

+)3"#".", #& -$5)/1 62)("241 !"62"!4)!# .".) !" 2"()'"#)'$*!.$% %&'&-$%", 

#".) $ !" .2$4$7.$% 4"2"8$%". 

9'$%&4" %"#&%"#$7.)6 %)3&2)/"-" 862)()/" $%" $ !/)*" )6'"4$7&-". :" 

+'$%&', %&'&-" +1#&% 16'"3-& !&48)'" $%"*1 84"7"*4) )6'"4$7&-& 1 7$-&4$;$ 3" 

+'$!1!#/) /&,#"7.)6 %"#&'$*"2" 1 862)(1 %&-" <$8$)2),.$ #). <21$3" .')8 

862)(4$ +')!#)' "2$ $ .')8 !2)*&/& 5'!."/$;&, 7$%& !& %&-"*1 -&4" ($)%&5"4$7." 

!/)*!#/"94. 

='&34)!#$ .)*& )+$!1*1 +')%&4& ($)%&5"4$7.$5 +"'"%&#"'" 862)(" .1." +'$ 

+).'&#$%" $%"*1 *), %"-1 +)183"4)!#, $8 /$,& '"82)6". 9'$%&4" $4/"8$/4$5 

%"'.&'" (+2"!$'"4$5 .')8 .)>1 1 +')%$4&4#4& $ 3)!#1+4& 3&2)/& .)!#$*1) *& 

4&+)3&!4" 8" "4"2$81 in vivo, $ +'&3!#"/?" &#$7.$ +')(2&% *&' *& $4/"8$/4" $ 4$*& 

3&) !#"43"'34)6 3$*"64)!#$7.)6 $2$ #&'"+$*!.)6 +)!#1+.". @)3 +'$%&4& .1#"4$5 

%"'.&'" (4"*7&,A& $4<'";'/&4$5) *"/?" !& 4)/$ $8/)' /"'$'"-": #) *& '&2"#$/4" 

+).'&#?$/)!# .)>& $ %"'.&'" 4" -)* 1 )34)!1 4" .)!#, $ 6'&,." %)>& $84)!$#$ $ 

+'&.) 3/" ;&4#$%&#'"95. B +)'&3 4"/&3&4$5 )6'"4$7&-", +'$%&4" %"#&%"#$7.$5 

%)3&2" 1 )'#)+&3$*$ $%" /&2$.$ 84"7"* $ 1+)#'&(41 /'&34)!#. 

CBDEFGH:BI@F DJDCB:F KLMDCH @N@H 

K62)( .1." 7)/&." 4$*& $3&"24) !<&'$74)6 )(2$.". J"/'&%&4" #&54)2)6$*" 

#')3$%&48$)4"24& '&.)4!#'1.;$*& .)3 !4$%"-" 41.2&"'4)% %"64&#4)% 

'&8)4"4;)% (:EO) $ .)%+*1#&'$8)/"4)% #)%)6'"<$*)% (PQ) )%)61A"/" 

$43$/$31"241 "3"+#";$*1 !#"43"'34$5 %)3&2" ("8$'"4$5 4" "4"2$8$ .)4"74$5 

&2&%&4"#", ,#) /)3$ +)/&A"-1 +'&;$84)!#$ '&812#"#", "2$ #".)0& $ /'&%&4" 

4&)+5)34)6 8" $8'"31, .") $ ;&4&. =&A$4" %"#&%"#$7.$5 %)3&2", 8"#), /',$ 

"+').!$%";$*1 $3&"24& !<&'$74)!#$, " $!#'">$/"-" +)#/'01*1 3" #".) 3)($*&4$ 

'&812#"#$ 4& )3!#1+"*1 84"7"*4) )3 '&"24$5 /'&34)!#$86. 

N %)'<)2),.& +"'"%&#'& .)*$ 84"7"*4) 1#$71 4" 3$!#'$(1;$*1 !$2& 1 862)(1 

.1." 1('"*"*1 !1 /&2$7$4" =$(&'6)/)6 PF 162" (.") %&'" !#&+&4" 4"#.')/?&4)!#$ 

862)("), +'&74$. 62"/& <&%1'", ,$'$4" $ /$!$4" ."'2$;& $ +)8$;$*" /&2$.)6 

#')5"4#&'". 9)."8"4) *& 3" =$(&'6)/ PF 16") 4&6"#$/4) .)'&2$'" !" %".!$%"24)% 

!$2)% +'$#$!." 1 862)(1 (4)'%"2$8)/"4)% +'&%" #&2&!4)* #&>$4$), " +)8$#$/4) 
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!" #$%&'&()* ()!$+$ ,)#-.&($ /0%)1", 2$ 3" 2$-",&4!5& ,)!26,7& 5)4& ,)#$+"#"46 

26 ()!$+6 ,)#-.&(6 & !*"8646 !&%6 ,-&2&!5" (" /0%)1($ ,)#-.&($ *)06 

,-)369&2& 8&:)# #$579,96,97,98,99,100,101,102. ; ,-&!6!2#6 3&!,%"/&4$ /0%)1" 565" 

3$0$($-"2&#($ ,-)*$($ ("!2"46 1-9$ & &/#$!(&4$: <&1$-0)# => 60") *"8& )3 16 

!2$,$(& 4$ ?"52)- %).$ ,-)0()/$. @-& 2)*$, !*"2-" !$ 3" '"5 20-50% !%6'"4$#" 

5)5!"-2-)/$ ("!2"4$ (" 2$-$(6 3&!,%"/&4$ 565"33,103,104.  

A$:"(&'5" !#)4!2#" /0%)1($ :-!5"#&7$ !6 ,-$3*$2 #$%&5)0 ("6'()0 

&(2$-$!)#"8" & &!2-"9&#"8". B$(6 )5)!(&76 '&(& *-$9" 5)%"0$(&: #%"5"(", 

?)-*&-"(" 2"5) 3" !"3-9& & *&5-),)-$ 5)4$ )*)06+"#"46 %"5.$ 3&?6/&46 

!&()#&4"%($ 2$'()!2&. C)!"3" 4$ )14"#D$() #&.$ 1&)*$:"(&'5&: *)3$%" :&4"%&($ 

:-!5"#&7$. @-&*$()* ,)-)$%"!2&'()0 *)()?"/()0 *)3$%" (5)0" 5"-"52$-&.$ 

($!2&.D&#)!2 & :&,$-$%"!2&'()!2), ,)5"/"() 4$ 3" 65)%&5) !&%" ($,-$5&3() 

3$%64$ 3)#)D() 360), 2)5)* #-$*$(" 3)%"/& 3) 3$?)-*"7&4$ :-!5"#&7$ 6/ 

!*"8$8$ *"5!&*"%()0 ,-&2&!5"83,105,106,107. C-60& "62)-& ),&!646 1&?"/&'(& 

*)3$%, ,-$*" 5)*$ !$ !#)4!2#" :-!5"#&7$ &!2-"9646 & )14".8"#"46 #&!)56 

)2,)-()!2 (" ,-&2&!"5 & (&/"5 5)$?&7&4$(2 2-$8" (&/*$-$( 6 ),!$06 )3 0,001-

0,02) ,-&!6!2#)* !)%&3($ (*"2-&5!) & ?%6&3($ ?"/$ ()!*)2!5& 6,&4$(" 

!&()#&4"%(" 2$'()!2). E#"5) *"%& 5)$?&7&4$(2 2-$8" ,)!2)4& /":#"D646+& 2)*$ 

.2) 2$'(" ?"/" ,-$6/&*" & 3) 90% ),2$-$+$8" (" "7$2"16%"-(6 :-!5"#&76, & 2&*$ 

6*"864$ !&%6 5)4" !$ ,-$()!& 5)(2"52)* '#-!2)-("-'#-!2) (!)%&3(" ?"/" & 

!61:)(3-"%(" 5)!2). @-)7$("2 #)3$ 6 :-!5"#&7& 4$ )5) 80%, " ,$-*$"1&%()!2 

k=9.83x10F16 m4/Ns108,109,110,111,112,113,114,115,116,117. @-&%&5)* 5)(2&(6&-"()0 !2"2&'-

5)0 ),2$-$+$8" 6 !2)4$+$* !2"#6, "7$2"16%"-(" :-!5"#&7" !*"864$ ,-)7$("2 

2$'()!2& 6 !#)4&* !%)4$#&*" & 2) /" )5) 1,2% 5)3 /3-"#&: 565)#" & '"5 7,6% 5)3 

5)3 3&!,%"!2&'(&:118. A$G62&*, 1-/&(" ,)#$+"8" ),2$-$+$8" "7$2"16%"-($ 

:-!5"#&7$ ,-&%&5)* ,)5-$2" 5)4& 5"-"52$-&.6 ()-*"%($ !#"5)3($#($ "52&#()!2& 

4$ 3)#)D() #$%&5" 2"5) 3" 061&2"5 2$'()!2& &/ 8$ 2)* ,-&%&5)* (&4$ /("'"4"(, 2$ 

!$ )30)#)- (" ),2$-$+$8$ ($ -"/%&564$ )3 ,)-)$%"!2&'()0 *)3$%"110,119,120,121. 

@-$7&/(" *$-$8" (65%$"-()* *"0($2()* -$/)("(7)* 62#-3&%" !6 3" ,%"!2&'(" 

3$?)-*"7&4" :-!5"#&7$ !,)- ,-)7$!: ,)3 5)(2&(6&-"(&* 62&7"4$* !&%$ )3 1980 N 

(.2) )30)#"-" ),2$-$+$86 )3-"!%)0 ')#$5" 6 ?"/& 4$3()()9()0 )!%)(7") 

"7$2"16%"-(" :-!5"#&7" !$ !,D).2& /" ,-)!$'() 30,9% )3 ,)'$2($ 3$1D&($. 
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!"#$# %&'"#()& *+ &,+- %"&.#/ -# 225 $0)1'+, %"0 2#$1 /# %#'0)+ 3#4&"$+.0-# 

3&5&30 1 %",06 15 $0)1'+, + 50% 3#4&"$+.0-# *+ &7& 50 $0)1'+. 8&'%1)1 

"#/'0'1.0-1 )+7&) 1703+9+ /0:# '"+-# *)+')& ,0;#: 16,5 /+'0122. <:02)# "#*1:'+'# 

)+ *5:&(1 717+, +:0 0 3"150$ *5:&(&,0$+, %"07+*+:0 /1 0 3"150 0/'"+=0,+20123,124. 

>"+)3125 (2005) )+,&30 3+ /# $+7/0$+:)0 %"0'0/+7 )+ +.#'+(1:+")1 

6"/7+,0.1 /# 7"#?# 1 &%/#51 &3 2-10 @Pa, + &3 "+)0-# -# %&*)+'& 3+ -# &7& 60A+31 

.07:1/+ 0$%1:/)&5 %"0'0/7+ &3 25 @Pa 3&,&A)& 3+ 0*+*&,# )#7"&*1 6&)3"&.0'+, 

'0$# 0 3#5#)#"+.0-1 6"/7+,0.#126. B%+7, %"&/#2)# ,"#3)&/'0 %"0'0/7+ 1 *3"+,&$ 

*5:&(1 717+ /1 /"#?&$ *+ "#3 ,#:020)# $+9# &3 &,#90,127. 

C+,0/)& &3 $#'&3# $#"#9+, %&/'&-# *)+2+-)+ ,+"0"+9+ (0&:&;706 /,&-/'+,+ 

6"/7+,0.#. D+ %"0$#", *+ E+)5&, :0)#+")0 $&31/ #:+/'02)&/'0 &%/#5 

%"&"+21)+'06 ,"#3)&/'0 -# &3 0,5-20 @Pa128,129. F%&'"#(&$ )#:0)#+")06 $&3#:+, 

@1)0-G0,0)&, :0)#+")&-#:+/'02)0 $&31/ 0$+ ,"#3)&/'0 &3 0,3-4 @Pa130,131. 

8&-+,+ '+)5#).0-+:)# /0:# 0/'#*+9+ /:&-#,+ 6"/7+,0.# 1 %"0/1/',1 

)#%&313+")&/'0 *5:&()06 %&,";0)+ 3&,&H#)+ -# 1 ,#*1 /+ %"&$#)&$ 906&,# 

%"&'#&/0)'#'/7# +7'0,)&/'0, 1* %&/:#302)1 %"&$#)1 /+/'+,+ 0 /$+9#9# 

%#"$#+(0:)&/'0 6"/7+,0.#, ;'& -# %&,#*+)& /+ 3#5#)#"+'0,)0$ 9#)0$ 

%"&$#)+$+132. 

C+ )&"$+:)& 41)7.0&)0/+9# *5:&(+ )#&%6&3)+ -# &35&,+"+-1?+ "+*,0-#)&/' 0 

&21,+)0 0)'#5"0'#' )# /+$& 6"/7+,0.#, ,#? 0 +.#'+(1:+")&5 :+("1$+ 0 3"1506 

*5:&()06 /'"17'1"+133. F&2#)& -# 3+ +.#'+(1:+")+ 1/)+ (labrum acetabuli) 0 9#) 

40*0&:&;70 )+/'+,+7- %&%"#2)+ 2+;02)+ ,#*+ (ligamentum transversum acetabuli) 

%"#5"+H1-1 *5:&()0 %"&/'&" )+ 3,+ /#5$#)'+: .#)'"+:)0 %"&/'&" (1)1'+" :+("1$+ 

0 0*$#H1 *5:&()06 %&,";0)+) 0 %#"04#")0 %"&/'&" (0*$#H1 ,"+'+ (1')# 7&/'0 0 

*5:&()# 7+%/1:#). 8"&.#9#)& -# 3+ :+("1$ %"#1*0$+ $+9# &3 3% &%'#"#?#9+ 7&3 

*3"+,&5 *5:&(+ 717+, +:0 &3 4-11% &%'#"#?#9+ 7+3+ -# 1 %0'+91 30/%:+/'02+) 

71788. I+7&H#, /0)&,0-+:)+ '#2)&/' 7&-1 &) %"0 &%'#"#?#91 3"=0 *+"&(A#)1 1 

.#)'"+:)&$ *5:&()&$ %"&/'&"1 05"+ *)+2+-)1 1:&51 1 $#6+)0.0 *5:&(+ 717+. 

D+7&) #7/.0*0-# :+("1$+, )+ %"0$#", $+7/0$+:)0 %"0'0/+7 /0)&,0-+:)# '#2)&/'0 

1 .#)'"+:)&$ %"&/'&"1 -# $+90 *+ %"&/#2)& 0,33 MPa128. 8&"#3 30/%:+*0-# *5:&(+ 

717+, 0 &;'#?#9# +.#'+(1:+")&5 :+("1$+ %"#3/'+,A+ 4+7'&" )+/'+)7+ 

3#5#)#"+'0,)06 %"&$#)+ +"'071:+")# 6"/7+,0.#. J,+ 3,+ 4+7'&"+ 0$+-1 0 /,&-1 
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!"#$%&!"'()* #+,*-('&.)"./: )(&#+, "0/+1+2( %(34*#( .* 5+01( & '+1+6 "3&#( * 

$4&.*./'* 7&.$%(-&8+ !*!(134,135,136, (%& /(!",+ & "0/+1+)& %(34*# $4+7./('9( 

"!&7(5 -( 7+6+)+4(/&')+ $4"#+)+ & /" )(85+01+ * $"./+4".*$+4&"4)"# 7+%* 

(:+/(3*%*#(95,137,138. ;( "'&# -($(<(2+# .+ .%(<* & =*3"'.!& & .(4., !"8& .* 

#+4+2+# 4(-%&!+ ()(/"#.!+ "4&8+)/(:&8+ (:+/(3*%*#( & ”>*)!:&")(%)+” 

"4&8+)/(:&8+ (&-4(<+)+ !4"- &.$&/&'(2+ $"-&:&8+ "7)".)" )(6&3( 

?&$+4!(%:&>&!"'()+ .*3?")74(%)+ !"./&, "7)".)" /(!"-'()+ ”(:+/(3*%(4)+ 

"34'+”) $".4+7)" $"!(-(%& 7( *$4('" /(8 7+" (:+/(3*%*#( /4$& )(8'+1+ 

!*#*%(/&')" "$/+4+1+2+139. @4+#( 2&?"'&# 4+-*%/(/&#(, )(8"$/+4+1+)&8& 7+" 

(:+/(3*%*#( 8+ &-7*<+)( !(%"/( ("'"&7)& "7.+5(! .>+4+) 5&8( "."'&)(, 

$".#(/4()" &- :+)/4( 4"/(:&8+ -6%"3( !*!(, &#( "4&8+)/(:&8* "7 33,3+/-7,1 

./+$+)& * >4")/(%)"8 4(')& $*/ #+7&8(%)", & 29,2+/-11,4 ./+$+)( * .(6&/(%)"8 

4(')& $*/ $"-(7&. A*/"4& )&.* 7+/(9)" "34(,&'(%& 4(-%&!* * 6*./&)& *)*/(4 

!(%"/+, !"8( 3& "74(<('(%( 4(-%&!* * &)/+)-&/+/* .&%+ $4&/&.!( )( /(8 7+" 

(:+/(3*%(4)+ ?4.!('&:+. 

@"./"8& .(6%(.)"./ 7( 8+ '+%&5&)(, 7&./4&3*:&8( & /4(8(2+ !")/(!/)"6 

$4&/&.!( )( ?4.!('&:* -6%"3( !*!( 8+7() "7 >(!/"4( )(./()!( 

!"!.(4/4"-+140,141,142,143, /+ 8+ 2+6"'( $4":+)( )+"$?"7)( -( 4(-*#+'(2+ .*0/&)+ 

$(/"%"0!"6 $4":+.(, !'(%&/+/)" $4+"$+4(/&')" $%()&4(2+ & $"./"$+4(/&')* 

4+?(3&%&/(:&8*95. B64()&5('(8*1& >(!/"4 * &./4(<&'(2&#( */&:(8( "$+4(/&')"6 

%+5+2( )( $4+'+):&8* !"!.(4/4"-+ 8+ 5&2+)&:( 7( .+ $4+"$+4(/&')& )+6(/&')& 

*/&:(8 /"6 >(!/"4( )( (4/&!*%(4)* ?4.!('&:* )+ #"<+ 4+/4"(!/&')" 

+%&#&)&.(/&. B'" 8+ )(4"5&/" '(<)" *-+'0& * "3-&4 '+%&!& $4".+5)& 34"8 

:&!%*.( $"!4+/( 6"7&02+ (1,3-2,5 #&%&")(). C /"# .#&.%*, $4+!(.)" &)7&!"'(2+ 

"$+4(/&')"6 %+5+2( .#(/4( .+ $4+7&!/&')&# >(!/"4"# %"0+6 4+-*%/(/(144. 

D( '+%&5&)* & $4('(: 4+-*%/()/)+ .&%+ * -6%"3* !*!( */&5+ $"-&:&8( 

'+%&!"6 /4"?()/+4(, !(" & $"-&:&8( :+)/4( 4"/(:&8+ -6%"3( !*!( * "7)".* )( 

!(4%&5)& $4./+). @"!(-()" 8+ 7( .+ &)/+)-&/+/ .&%+ .#(2*8+ .( %(/+4(%&-(:&8"# 

'+%&!"6 /4"?()/+4(, (%& 8"0 '&0+ & .( #+7&8(%&-(:&8"# :+)/4( 4"/(:&8+ 

-6%"3(81,145. 

E/" .+ /&5+ */&:(8( 4(-%&!( * /+%+.)"8 !")./&/*:&8& #*0!"6 & <+).!"6 

$"%(, *"5+)" 8+ 7( 8+ !"7 <+)( !")/(!/)& $4&/&.(! -)(5(8)" '+1& -( $4".+5)" "!" 
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20%, ! "# $%&'( )*+', -.'/0!1* ,&*2' 3')$.* 1#( 4'0*, (#1 .*5&!1' $ 6!.!0! ! 

#7&!1$ 1*.&!8' 0!%$ #( 7!"0#, 50*/*9*146. 

:;<=>?@AB><ACDA> ?C:@?C:>EF> ?<=@D BGD<HC FIFC 

I %".$/0#9 &!"'.*"$.! #-!%*0# 9' 2!6' )*"')*"!/1!J )#('&* 5,&#7* 1$1* 

7*5!.*0!J 0* .*(!#,.*3!9!. I #2#) !%".*4!2*+$ $-#".'7K'0 9' 

".#(!)'05!#0*&0! )#('& 5,&#7* 1$1* 7*5!.*0 0* %"*0(*.(0#9 0*"!20#9 

.*(!#,.*3!9! 1*.&!8' %* 1$1#2!)* $ *0"'.#-#%"'.!#.0#9 (CL) -.#9'18!9!, 

1.'!.*0 #( %".*0' ,.$-' *$"#.* !5 D*7#.*"#.!9' 5* 7!#3!5!1$ @&'1".#"'J0!/1#, 

3*1$&"'"* I0!2'.5!"'"* $ M$7K*0! (N&#2'0!9*) ! #79*2K'0 1990. ,#(!0'147. 

<(*7.*0 9' 5*J2*K$9$O! %&'('O!) 1*.*1"'.!%"!1*)*:  

• !"#$%&' ()!*$+,-!-.)(!"!#!/-' 0!"*/-' 1 !2+'34)&!+ #$()*'(1*$,  

• *)#'($3&! +)"&!,('3&' ()5&$-' .)*)6', 

• "!,(10&!,( *'%1&'*,-!7 0*!7*'.' -!+$ !#'-/'3' 1&!, 0!#'8&$5 

.!*9!#!/-$5 0'*'.)('*' 87#!2' -1-' $ -'*#$%&!7 0*,()&', $ 0!(!. 

0*):$8&a $8*'%1&'3'+* $8#'8&!J 3*)"&!,($ .!")#'- 0'*'.)(*.* 

"$,(*$21:$+) ,$#) 0*$($,-' &' ':)('21#'*&1 5*,-'3$:1. 

A*"!20! .*(!#,.*) 1*.&!8' %* 1$1#2!)* $ CL -.#9'18!9! 9' #7*2'50! 

(!9*,0#%"!/1! -#%"$-*1 1#( )0#,!J -#.')'O*9* 5,&#7* 1$1* 1#( /#2'1*, 

.*(!#,.*3%1! 7*5!.*0 )#('& !)* 50*/*90$ -.*1"!/0$ -.'(0#%" * %*%2!) 

5*(#2#K*2*9$O$ -.'8!50#%" (2*&!(0#%" !50#%! #1# 90%) $ #(0#%$ 0* %&#4'0!9', 

P:- ! A?;-7*5!.*0' )#('&'148,149. 

?#('& #)#,$O*2* !5.*/$0*2*+' 0'1#&!1# 2*40!J 7!#)'J*0!/1!J 

-*.*)'"*.* 5* 1#9' 9' 0*10*(0!) !%".*4!2*+!)* $"2.Q'0# (* )#,$ -.'(%"*2K*"! 

50*/*90' -.'(!1"#.' "#1* (!%-&*5!9', 0*%"*01* ! .*52#9* (','0'.*"!20!J -.#)'0* 

5,&#7* 1$1*150. <0 -#(.*5$)'2* '&*%"!/0$ ('3#.)*8!9$ 1#0"*1"0!J 5,&#70!J 

-#2.6!0* *8'"*7$&$)* ! ,&*2' 3')$.*, ('3!0!6' -#9*) 0#%'O' -#2.6!0' 5,&#7* 

! #)#,$O*2* 12*0"!3!1*8!9$ .*5&!1' $ (!%".!7$8!9! %!&' $ 5(.*2#) ! 

(!%-&*%"!/0#) 5,&#7$. 
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!"# $ %#& '("%#) *"+,*"+$-%#) *#&,.", $ #(&, /#'+#0, #&1,2,3, 

"/1#%'$*"4$0, $ 5'.#($ %#0$ ("6, /1$ 7,)#(#0 5/#+1,8$ $ $3+,1/1,+"4$0$ 

1,95.+"+": 

• !"#$%"&'($ )$ *+),-.#-)/ .01-2#$ /$3#-)/+; 

• !"#$%"&'($ )$ 4-*&5+#),+ #"4-# .01-2#$ /$3#-)/+; 

• !"#$%"&'(' )$ $1$,/&-)/"/+3,$ )+1$ +.%$6' .01-2#+7 4-*&5+#"; 

• !"#$%"&'($ )$ )+1" /&$8" +.%$6' .01-2#+7 4-*&5+#": 4&-9$#" 

4"&"%$/"&" )+1$ ' .01-2' ,'," )$ -:#-)+ #" )/"/+3,+ &$;+% -4/$&$<$8"; 

• =-:$1 4-:&".'%$*" )>$&+3#$ + ,-#0&'$#/#$ .01-2#$ 4-*&5+#$; 

• ?$#/&+ &-/"9+($ -2" .01-2" ,'," )$ #"1".$ ' >&-#/"1#-( &"*#+ 

(."#$%"&'(' )$ ")+%$/&+($ ,"&1+9$ +)4-@$#$ ' 7-&+.-#/"1#-( &"*#+); 

• A$;+5/$ -)1"8"('<$0 :$1" /$1" 4&+ ($:#-#-;#-% -)1-#9' (+.'.+%"('<+ 

-)1"8"('<' #-0') ' )&$:+#+ 4$&+-:" ($:#-#-;#-0 -)1-#9" 4&+ )4-&-% 

7-:' +1+ )/"("8', 4&+4":" +)/-( /-( >&-#/"1#-( &"*#+; 

• A&-:+%$#.+-#"1#+ %"/$%"/+3,+ %-:$1 )1-*$#"3,+7 "'/-&" "4)/&"7'($ 

*+),-$1")/+3#" )*-()/*" ,-5/"#-0 /,+*". =$&$8$% ' 1"2-&"/-&+(),+% 

')1-*+%" ')/"#-*@$#- ($ :" ,-)/+ +%"(' B"#0-* %-:'1 $1")/+3#-)/+ C=12 

=pa, + D'")-#-* ,-1+3#+, !=0,42107 5/- %-;$ )/*-&+/+ .#"3"(#- 

-:)/'4"8$ -: &$"1#+7 *&$:#-)/+151. 

: /#1,& 3"(,&,3$; "/1#%'$*"4$0" $ 5'.#(", 5/1#<=,3$ +1#&$*,39$#3".3$ 

*#&,. 9).#8" %5%" 8"9$1"3 3" 3"+$(3#) 1"&$#)1">$0$ 5 ?@ /1#0,%4$0$ 0, (,#*" 

%.$3$-%$ 5/#+1,8A$( $ 5 /1"%'$ 3"0<$1, /1$'5+"3. B80"(A,3$ '5 1,95.+"+$ 

7,)#(, /1$*,3, 3" "3".$95 9&1"($; 9).#8#(" $ &$'/."'+$-3$; 9).#8#(" %5%", %"# 

$ 9).#8#(" %5%" #/,1$'"3$; 1"9.$-$+$* *,+#&"*": 4,3+1"63, #'+,#+#*$0, 

>,*51", C".+,1#(", !0"1$0,(" $ D"34#(" #'+,#+#*$0" %"1.$4,.  

E #(#* $'+1"6$("75 /1($ /5+ ', /1$*,750, 3" "3".$95 $ %("3+$>$%"4$05 

5-$3%" F,3$'#(, +1#'+15%, #'+,#+#*$0, %"1.$4,. B3" #8,98,250, "&,%("+3# 

3"+%1#(A"("7, )."(, >,*51" /#'+#0,=$* "4,+"85.5*#*, 5 5'.#($*" 1$)$&3#'+$ 

/58$-3, '$*>$9, &#'+$)35+, >$9$#.#<%#* *"+51"4$0#* '%,.,+"38. 

G,*#&,."4$#3$ /#+,34$0". %#<+"3#) +%$(" 5 /,1$#&5 "&#.,'4,34$0, %"# #&)#(#1 

3" 8$#.#<%,, #&3#'3# *,;"3$-%, '+$*5.5', 93"-"03# 0, *"7$ 3,)# 5 &,-$0,* 
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!"#$%&!. '()* &)*$ &#)%&#!+$ )%&,)&)-./$ +$#0.1, 2, -)3, 4$ )(,"(,4. ."0,5,6, 

4) &$4$ 2$%&$0.7 -,7$2.5+.7 )8&,9,6$ "*0)($ 2.&. 4$ %&:)#. ;)&;!2) 2)#-$0$2 

"*0)( +!+$32,59. <,=!&.-, 4):)=,6,- $1,&$(!0!-$ . *0$:, >,-!#$ ! "2$&2) 

;):)?2./. (.)-,7$2.5+. )42)% )5,+!/, %, %-$6,6, -$+%.-$02, +)2&$+&2, %.0, 

;#.&.%+$ ! "*0)(! !" 6,2! ;)()?8$2! 4.%&#.(!1./! 2$ "*0)(2.- ;):#8.2$-$, 

8&) !&.5, 2$ ;#,:,21./! 4$?.7 -,7$2.5+.7 )8&,9,6$, %-$6!/, .21.4,21$ ()0$, 

. "2$5$/2) ;#)4!3$:$ 3.:)&2. :,+ "*0)(2.7 ,0,-,2$&$17,32,59,97,101,152. 

@$/)8&,9,2./., 0$&,#$02. 4,) $1,&$(!0!-$ %;$8$:$ %, )4 4$?,* )8&,9,6$ 

."-,8&$6,- :$2 ;):#8.2, 2$/:,9, %.0, ;#.&.%+$ ! "*0)(!38,96,152. 

A)%&);,#$&.:2. BC !*$) (. ! .4,$02)- %0!5$/! &#,($0) 4$ (!4, ! );%,*! )4 25-40 

%&,;,2., ;#. 5,-! :,0.5.2$ +)#,+1./, BC !*0$ .-$ 4.%+!&$(.02! :#,42)%& ! 

;)*0,4! ,:$0!$1./, !5.2+$ );,#$1./,86,153. 
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!"#$%" "&'()*"%)+) 

1. !"#$%$&'($ $ )*'+,'($ )%" +$)-".'%$/0" 1','-"(," 0)2$ &3 ,"4"5'%(%$ 

6' 5'4$*%3 1,$-"%3 (,)*$-"%6$)%'4%)7 -'("-'($/0)7 -)*"4' 

(+'6$,'%)7 %' %'($5%$- ,'*$)7,'-$-') %' 674)+ 030' 1," $ 1)&4" 

(,)&(,30" )&(")()-$2" 0',4$8". 

2. 9,),'/3%'($ 1,)&"/%" 1','-"(," ,"634('%(%" &$4" 3 674)+3 030' 

(1,'5'8, %'1'*%$ 37') $ $%("%6$("( ,"634('%(%" &$4" %),-'4$6)5'%" 

1,"-' ("4"&%)2 (":$%$), $ () 1,")1",'($5%) (&' "5$*"%(%$- 

1),"-";'2"- 1)*3*',%)&($ 674)+%$. 1)5,<$%') $ 1)&()1",'($5%) 

(%'4'6 %'0)% (,)&(,30)- )&(")()-$2)- $6-"="%$. +$)-".'%$/0$. 

3&4)5' )1",$&'%)7 674)+'). 

3. >*,"*$($ 1,)&"/%" 1','-"(," &$4" 1,$($&0' y 674)+3 030' (-'0&$-'4%$ 

1,$($&'0 *$,"0(%$ $ %),-'4$6)5'% 1,"-' ("4"&%)2 (":$%$, 37') 

),$2"%('8$2" -'0&$-'4%)7 1,$($&0', $%*"0& 7,'*$2"%(' &$4" 1,$($&0' 

%),-'4$6)5'% 1,"-' ("4"&%)2 (":$%$) 1,")1",'($5%) $ %'0)% 1,$-"%" 

(,)&(,30" )&(")()-$2" 0',4$8", $ ($-" +$)-".'%$/0$ 05'%($#$0)5'($ 

"#"0'( (,)&(,30" )&(")()-$2" %' %$5)3 .$2'4$%" .,&0'5$8" 674)+%$. 

1)5,<$%' 674)+' 030'. 

4. ?%'4$6$,'($ )*%)& 1','-"(',' ,"634('%(%" &$4" $ 1,$($&0' %' 

',($034',%3 .,&0'5$83 674)+' 030' 1,"-' $%*$0'8$)%$- "4"-"%($-' 

(1,")1",'($5%) -",@$5$ 04$%$/0$ $ ,'*$)4)<0$ 1','-"(,$) $ 1,"-' 

1,)7%)&($/0$- "4"-"%($-' (04$%$/0$ $ ,'*$)4)<0$ 1','-"(,$ 

6'5,<%)7 1)&()1",'($5%)7 %'4'6').  
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!"#$%&'"( & !$#)*$ 

!"#$% &'()*+&,*-* .)$#'(*,/* 0"1")(23 '(3#&43. 

5'.&(&,*2* 4$ 6)3.* "# 92 .*7&4$2(* ".$)&'*2&1 ()"'()30"8 "'($"("8&4"8 

0*)%&7$ 3 *#"%$'7$2(2"8 39)*'(3 ("# 10 #" 20 6"#&2*) 3 52'(&(3(3 9* ")(".$#'0"-

1&)3):0$ ;"%$'(& "<*-&7*" 3 <$"6)*#3, "# 3,"=$-* ",$ 8$("#$ #" 1.4.2011. 

6"#&2$. >* 2*,$#$2$ .*7&4$2($ .)&8$-$2& '3 '%$#$?& '$%$07&"2& 0)&($)&438&: 

@)&($)&438 9* 30/3A&,*-$ 3 '(3#&43:  

1. B*#&"6)*C'0& ,$)&C&0",*2* 2$."#3#*)2"'( 96%";2&1 .",):&2*, 3 

4$#2"4 "# '%$#$?$ ()& ,*)&4*2($: 

• D*("%":0* 0"2C&63)*7&4* *7$(*;3%38* ()*9,"42& .")$8$?*4 

030*), 

• D*("%":0* 0"2C&63)*7&4* 6%*,$ ;3(2$ 0"'(& (D$)($'",* ;"%$'(), 

• D*("%":0* 0"2C&63)*7&4* ";$ 0"8."2$2($ (."'()$#307&"2* 

*,*'03%*)2* 2$0)"9*). 

@)&($)&438& 9* &'0/3A&,*-$ &9 '(3#&4$:  

1. >$*#$0,*(2* )*#&"6)*C'0* #"038$2(*7&4* (2* )*#&"6)*8&8* 2&'3 4*'2" 

,&#/&,$ ',$ )$C$)$2(2$ (*A0$ 0*)%&7$ & 030",* 2$".1"#2$ 3 .)"7$'3 

8$)$-*),  

2. O;%&0 6%*,$ C$83)* 2* )*#&"6)*83 3 ED .)"4$07&4& (*0*, #* 92*A*42" 

"#'(3.* "# "0)36%"6 ";%&0*, :(" '$ 0,*2(&C&0",*%" 0)"9 &'.&(&,*-$ 

7&)03%*)2"'(& (.*)*8$()* 0"4& 6",")& " "#'(3.*-3 ","&#* "# 

0)3+2&7$, & &9)*A32*,* '$ .)$8* C")83%&: C=4!P/O2, 6#$ 4$ P .",):&2* 

","&#* 3 0,*#)*(2&8 .&0'$%&8*, * O ";&8 ","&#* 3 .&0'$%&8*). @*" 

0)&($)&438 &'0/3A$-* "#*;)*2* 4$ 7&)03%*)2"'( 8*-* "# 0,95 4$) 4$ 

(*#* )*9%&0* &98$=3 2*48*-$6 & 2*4,$?$6 #&4*8$()* ","&#2$ 6%*,$ ;3(2$ 

0"'(& ,$?* "# 2mm, 

3. D)&'3'(," %30'*7&4$ &%& '3;%30'*7&4$ 6%*,$ ;3(2$ 0"'(& 

4. D)*?$-$ 0)*?$ "# 6"#&23 #*2*. 
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!"#$% &'()*%* $+(, #'(-*'(./)", 0$')('"%" .* (1&(-(+"%" 2'/&" $3 75 

&$1)"-'"%(, #/#$+" #$3 60 &"4(.*%"-". 

5"3($2'") #"'6(4* 1" #/#$+()" $)$2/7"+" /+(3 / $8" 926$8" #/#". :$ .* 

&'/;(6$ )$2/7%$1- 3" 1* %" 1+"#$) '"3($2'")/ $1() (1&(-(+"%$2, "%"6(9('" ( 

%"1&'")%( 926$8 #/#". <*=/ >()" ()" 93'"+(, #/#$+", "6( ( &"-$6$?#(,, 

6*@*%(, %" '"96(@(-* %"@(%*. A-$2" 1/ %"1&'")%( #/#$+( 1+'1-"%( / .*3%/ $3 3+* 

16*3*7* 2'/&*:  

• !*2"-(+%/ #$%-'$6%/ 2'/&/ (93'"+( #/#$+() @(%(6( 1/ $%( %"1&'")%( 

#/#$+( #$.( 1/ (1&/%(6( 16*3*7" @*-('( #'(-*'(./)" : 

o B(8*'2$+ CD /2"$ (9%$1( 8"' 25 1-*&*%(; 

o C('#/6"'%$1- 26"+* (9%$1( %".)">* 0,98 

o E/#$+( %(#"3" %(1/ 8(6( 6*@*%( 

o F31/1-+$ 1()&-$)" 

• G$9(-(+%/ #$%-'$6%/ 2'/&/ (&'$)*>*%( #/#$+() 1/ @(%(6( 1+( $1-"6( 

%"1&'")%( #/#$+(. 

E$3 1+(, 75 '"3($2'"0(." $8"+H*%" 1/ 3+" )*'*>": &'*$&*'"-(+%$ ( 

&$1-$&*'"-(+%$. E$3 50 16/@".*+" &$1-$."6( 1/ ( #$%-'$6%( %"6"9( (1" -*,%(@#( 

/&$-'*8H(+() #$%-'$6%() '"3($2'")()") +'*)*%1#( 9%"@".%$ /3"H*%( $3 

&$1-$&*'"-(+%(, (&'$1*@%$ 3,48+/-2,77 2$3(%", $&1*2 $3 @*-('( )*1*4" 3$ &'*#$ 

11 2$3(%" /9 )*3(."%/ $3 2,87 2$3(%"), -* 1/ ( $%( "%"6(9('"%(. I%#6/9($%* ( 

*#1#6/9($%* #'(-*'(./)* &'(6(#$) -'*7*2 )*'*>" 9"3$+$H(6$ .* / (1&(-(+"%$. 

2'/&( >(, 44, / #$%-'$6%$. 2'/&( 93'"+(, #/#$+" 16, ( / #$%-'$6%$. 2'/&( 

&'$)*>*%(, #/#$+" 34 16/@".".  

!" -". %"@(% 1/ 0$')('"%* 16*3*7* 2'/&* 16/@".*+", "%"6(9('"%(, #'$9 3+", 

$3%$1%$ -'( &$%$+H*%" )*'*>": (:"8*6" 1) 

:"8*6" 1. J'$. 16/@".*+" / "%"6(9('"%() 2'/&")", 1+" )*'*>" 

!"9(+ 2'/&* 
<*'*>* 

1 
<*'*>* 

2 
<*'*>* 

3 
J'$. &"4(.*%"-" 75 75 50 

F&*'(1"%( 926$8 #/#" I1&(-(+"%" 2'/&" 75 75 44 
!*2"-(+%" #$%-'$6%" 2'/&" 19 20 16 

!"1&'")%( 926$8 #/#" 
G$9(-(+%" #$%-'$6%" 2'/&" 56 55 34 
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!"#$%&'( )'"'*+,"%- (,.,/# ",'),.%0#"%- 121'*# 203#"'*+,"' 4, 5# 02 

'"% 2 "#4*,6,( ).'7,"32 0$28#4,*# &#5.9#$% ).%)#5"'03 %03'4 )'5:.2)%. ;#%(,, 

2)'.,<,/,( ).,'),.#3%*"%- % )'03'),.#3%*"%- .#5%':.#(#, 16 '5 19 121'*# 

(84,2%) 02 '03#$% 2 :.2)% &5.#*%-, # 52 '5 56 (92,9%) 02 '03#$% 2 :.2)% 

).'(,/,"%-. ='5 '"%- 121'*# 1'4% %(#42 % 3.,6,, &#*.>"' (,.,/,, 2 1#3,:'.%4% 

&5.#*%- 4, '03#$' 10 '5 16 121'*# (62,5%), # 2 1#3,:'.%4% ).'(,/,"%- '03#$' 4, 31 

'5 34 121'*# (91,2%). 

?0)%3%*#"# :.2)# 

@ %0)%3%*#"'4 :.2)% 21 )#7%4,"3 (28%) 4, A%' (2>1': # 54 (72%) 9,"01': 

)'$#. R#&*'4"% )'.,(,6#4 121# 4, A%' 5%4#:"'03%1'*#" 1'5 42 0$28#4# (56%), 

)'03.,5217%'"# #*#012$#."# ",1.'&# :$#*, A23", 1'03% 2 19 028#4,*# (25,3%) # 

B,:-=#$*,-C,.3,0'*# A'$,03 2 14 0$28#4,*# (18,7%). ='5 17 0$28#4,*# (22,7%) "%4, 

A%$' "%1#1*': ).,3-'5"': $,8,/#, 1'5 /%- 47 (62,6%) ).,52&%(#"' 4, 

",'),.#3%*"' $,8,/,, 5'1 4, 2 11 0$28#4,*# (14,7%) ).%(,/%*#"# 4,5"# %$% *%>, 

(,3'5# '),.#3%*"': $,8,/#: D#$3,.'*# '03,'3'(%4# 1#.$%7, 2 ),3 0$28#4,*# 

(6,7%), 1.*#*# .,)'&%7%4# 0# D#$3,.'*'( '03,'3'(%4'( 2 3.% 0$28#4# (4%), 

0)2>3#/, *,$%1': 3.'-#"3,.# 2 5*# 0$28#4# (2,7%), C,(A,.3'"'*# 

#7,3#A2$')$#03%1# 2 4,5"'( 0$28#42 (1,3%). !A.,*%4#7%'"# '03,'3'(%4# E,(2.# 4, 

1#' 5'5#3"% '),.#3%*"% )'032)#1 2.#<,"# 1'5 >,03 '5 4,5#"#,03 '),.%0#"%- 

)#7%4,"#3#. 

@ )'5:.2)% 121'*# 'A'$,$%- '5 C,.3,0'*, A'$,03%, 2 3.,"2312 )'03#*+#/# 

%"5%1#7%4# &# '),.#3%*"' $,8,/, "#48,>6, 4, 1'"03#3'*#"# E#&# 1'"5,"&#7%4, 

(>,03 121'*#, %$% 42,9%), )'3'( E#&# E.#:(,"3#7%4, (8,3%.% 121#, %$% 28,6%). @ 

)'5:.2)% 121'*# 0# 5%4#:'03%1'*#"'( )'03.,5217%'"'( #*#012$#."'( ",1.'&'(, 

).%(,/,"# 4, F'A,.-D,.,"9 1$#0%E%1#7%4#, % 1'5 01'.' 0*%- 121'*# (94,7% 

0$28#4,*#) 2'8," 4, 1#)#03'-*#$:20"% 3%) 5,E'.(%3,3#, 5'1 4, 2 4,5"'( 0$28#42 

2'8," 4#4#03'-*#.20"% 3%). 

K'"3.'$", :.2), 

C.'0,8"% G%A,.:'* HI 2:#' 1'5 ",:#3%*", 1'"3.'$", :.2), (&5.#*% 121'*%) 

4, %&"'0%' 32.98 +/-7.730 (')0,: '5 25-540), # )'$2).,8"%1 .'3#7%4, &:$'A# 121# 
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3,78+/-2.07 cm (!"#$% !& 2,12-10,05 cm, '$&()*+* 3,0 cm). ,!& "!-(.(/+$ 

0!+.1!2+$ %13"$ ("1!'$4$+( 030!/() 56 3%*! )$ 7(! 17,11+/-8,370 * "!23"1$8+(0 

1!.*9()$ -%2!7* 4,08+/-1,79 cm. 

!"#$% &'#()*&+),) 

:* #/$ "*9()$+.$ 0!)( #3 !"$1(#*+( .1!#.130!' !#.$!.!'()!' 0*12(9$ 3 

"!#'*.1*+!' "$1(!&3 "1('$4$+ )$ .1!&('$+-(!+*2+( '*.$'*.(80( '!&$2 -%2!7* 

030* 7*-(1*+ +* +*.(/+!) 1*&(!%1*;()( 0*12(9$ #* 030!/('* 3 <= "1!)$09()(, 

"1$'* '$.!&!2!>0!' 3"3.#./3 !"(#*+!' 3 2(.$1*.31(150. ?!&$2 3#"!#.*/@* 

.1!&('$+-(!+*2+( 0!!1&(+*.+( #(#.$' #* "!8$.0!' 3 9$+.13 1!.*9()$ -%2!7* 

030* .*0*/ &* )$ /$1.(0*2+* x !#* "!-(.(/+* +*/(>$, ;1!+.*2+* y !#* "!-(.(/+* 

3+*"1$&, * #*%(.*2+* z !#* "!-(.(/+* "3. '$&()*2+!, ( 0*! 32*-+$ "1!'$+@(/$ 

!73A/*.* "!&*.*0 ! "!23 ( .$2$#+!) .$B(+(, 0*! ( #$. 2!+%(.3&(+*2+(A ( 3%*!+(A 

/$2(8(+* 0!)$ )$ "!.1$7+! "1$-(9+! (-'$1(.( +* 1*&(!%1*'('*. C! #3 

"!23"1$8+(0 1!.*9()$ 3 -%2!73 030* (r), "!2!/(+* 1*#.!)*4* (-'$D3 9$+.*1* 

1!.*9()$ &/* 030* (l/2), E(7$1%!/ 56 3%*!, ( 8$.(1( &(#.*+9$ !& 9$+.1* 1!.*9()$ 

-%2!7* 030*: A!1(-!+.*2+* ( /$1.(0*2+* 3&*@$+!#. &! 1$;$1$+.+$ .*80$ 

*7&30.!1+!% "1("!)* +* /$2(0!' .1!A*+.$13 (x, z), .$ A!1(-!+.*2+* ( /$1.(0*2+* 

3&*@$+!#. &! +*)3&*@$+(A .*8*0* +* 

(2()*8+!) 01(#.( (C, h). F .3 #/1A3, #/( 

/*2(&+( 1*&(!%1*'( 0*12(9$ #* 

030!/('* #3 &(%(.*2(-!/*+( #* 

1$-!239()!' !& "$. '$%*"(0#$2* "! 

1*&(!%1*'3, * '$1$4* '!1;!2!>0(A 

"*1*'$.*1* 0!)( "1$&#.*/@*)3 32*-+$ 

"1!'$+@(/$ -* '*.$'*.(80( '!&$2 

-%2!7* 030* +* 4('* !7*/@$+* #3 

0!1(>G$4$' 7$#"2*.+!% 1*83+*1#0!% 

"1!%1*'* !./!1$+!% 0!&* -* 7(!'$&(9(+#0$ &(%(.*2+$ *+*2(-$ ImageJ154. (H2(0* 

71. 15) 

?$1$4$ #* "1(03"@*4$' "!&*.*0* !7*/@$+! )$ -* #/$ "*9()$+.e 

"1$!"$1*.(/+! ( +$"!#1$&+! "!#.!"$1*.(/+! (* -* 4(A 50 )$ !7*/@$+! ( .1$G$, 

!"#$% 15: F2*-+$ /1$&+!#.( '!&$2* 
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!"#$%&' ()$)*)) +" ,'+-',)$"-.#&.( ,)$.'/'( ,$"0)*" '/ &"1("*) 2'/.&3 /"&". 

4'%-' ,$.()&" -$'/.()&!.'&"5&'2 ("-)("-.67'2 ('/)5" !25'8" 737" 

,'/$"!3()#" ()$)*) ('$9'5'%7.: 35"!&.: ,"$"()-"$" .5.1"6&'2 7$.5" . 

-$':"&-)$&'2 ("+.#" 3 ;)5.&., 7"' . '/$)<.#"*) ;)&-$" $'-";.1) &"+,$"(&'2 

!25'8" 737", 3 ,$)',)$"-.#&'1 ()/.;.&+7'1 /'73()&-";.1. 1) '/ +#.: -):&.67. 

3,'-$)8=.#.: ,$)',)$"-.#&.: +&.("7" 7"$5.;) +" 737'#.(" '8$"<.#"& '&"1 7'1. 

1) &"17"+&.1) &",$"#=)&, '/&'+&' #$)()&+7. &"185.>. /"-3(3 ',)$";.1). 

?$)()&+7. .&-)$#"5 .!()<3 /"&" &"+-"&7" $"/.'2$"(" . /"&" ',)$";.1) +-'2" 1) 

8.' #)'(" $"!5.6.-: '/ 1)/&'2 /"&" /' 2'/.&) . ,)- ()+);., +" ()/.1"&'( '/ 36 

/"&". @!$"+- ,";.1)&"-" 3 #$)() ',)$";.1) .!&'+.' 1) ,$'+)6&' 15 2'/.&" . 

6)-.$. ()+);" 3! ()/.1"&3 '/ 14 2'/.&" . /#" ()+);", . 7$)-"' +) 3 .&-)$#"53 '/ 

+)/"( 2'/.&" . +)/"( ()+);. /' 32 2'/.&) . 11 ()+);.. 

A#) 5.&)"$&) .!()$)&) #$)/&'+-. +3 7'$.2'#"&) !" ,$';)*)&' 3#)5.6"*) 

$"/.'2$"9+7.: #$)/&'+-. 3 '/&'+3 &" $)"5&) '/ 10%. B'8.1)&) #)5.6.&) +3 

,'-'( 3&)-) 3 HIPSTRESS $"63&"$+7. ,$'2$"(, . ,'('03 *)2" +3 ,$'$"63&"-) 

.!5"!&) #$)/&'+-. 7'1) ('/)5 ,$)/#.<"155. 

4'$)/ ,'/"-"7" &)',:'/&.: !" ,$'$"63& ,"$"()-"$" +.5) . ,$.-.+7" 3 

!25'83 737", ,$.73,=)&. +3 . /$32. $)5)#"&-&. ()/.;.&+7. ,'/";. 3 .+-.( 

#$)()&+7.( '/$)/&.;"(": "&"(&)+-.67. ,'/";. (,$.+3+-#' .&.;.1"5&.: -)2'8", 

#$+-" ,$)-:'/&'2 5)6)*"), ,'/";. /'8.1)&. 75.&.67.( ,$)25)/'( (-)5)+&" 

-)>.&", ,$.+3+-#' .&)2"5.-)-" &'23, '8.( ,'7$)-" !25'8" 737", ,$.+3+-#' 2)2"*" 

.5. :$"("*"), 75"+.9.7";.'&. +.+-)(. !" $"!#'1&3 9"!3 C)2-D"5#)-4)$-)+'#e 

8'5)+-. (E.$':"%.-D)5)$)156, " !" ,'+-$)/37;.'&. '+-)':'&/$.-.+ +-),)& 

!":#"0)&'+-. 25"#) 9)(3$" (F'8)$-A)$)&>) . $)!./3"5&. -., /)9'$(.-)-"; 

G" '+&'#3 .!()$)&.: #$)/&'+-., ,$)(" -$'/.()&!.'&"5&'( ('/)53 !25'8" 

737" .!$"63&"-. +3 +5)/)0. 8.'():"&.67. ,"$"()-$.:  

• !"#$%& '$(!)!"$ *$+,(-."-"$ &!($ "/*0.(!+/'."$ 1*$0. -$($&"/2 -$3!"! 

- R/Wb ("$!0$"/'."! 4*/2); 

• ,5./ *$+,(-."-"$ &!($ , +5(/4, %,%. , /#"/&, ". '$*-!%.(", /&, - !-R (0);  

• ,5./ &!($ 1*!-!&%. (-$/*!2&%. /*!2$"-.6!2. 0.%&!0.("/5 1*!-!&%. ". 

.6$-.4,(.*", 7*&%.'!6, #!&-*!4,!*."/5 4$+ /4+!*. ". '$(!)!", ! 
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!"#$%&'()#$* ()%'(+*,*-(, !.&!/&! 0(! 0(.( +# 1,(2( 3%-*"( +#,( 

4!'4*&! 4"%0"#2%&( ()%'(+*,*-!-)- !-pol (0); 

• -(0/#-(,&# 4"#'#/(0 &( ("'#0*,("&* 5"/0(2#)* - Pmax (106 Pa);  

• -(0/#-(,&# 4"#'#/(0 &!"-(,#6!2(& 4"%-( '%,%/&!$ '%7#&# - Pmax/Wb 

(m-3); 

• #&.%0/ 1"(.#$%&'( 4"#'#/0( &( ,('%"(,&!$ #2#)# ()%'(+*,*-(, 

&!"-(,#6!2(& 4"%-( '%,%/&!$ '%7#&# - Gp/Wb (103 m-3), 0!$# je #6"(8*&(' 

4"%-( /,%.%9!$ 3!"-*,#: Gp/Wb=[(p0/r)/cos:F]/Wb, 1.% $% 

Gp - !"#$%& '()#*+$",) -(*,*&%); 

Wb - ,$.$&") ,$/*") (N); 

p0 – ,$0(*+&%* 1)%&*1)."* -(*,*&)% ") -02(3*"$ (Pa); 

r - -0.4-($5"*% '.)2$ 6$14() (m); 

7F - 4')0 )8$,)94.")("$ "0&$:$ -02(3*"$ (rad); 

;),$(*+). +$ &,),*&,*5%* 09()<$" %0(*3:$=$1 &,)"#)(#"*> #$&%(*-,*2"*> 

&,),*&,*5%*> -0%)?),$@)157, 4? ")-01$"4 #) +$ *?90( 1$($ 8$",()."$ ,$"#$"8*+$ 

?)2*&*0 0# 2(&,$ &%).$ -0#),)%) -($1) A,*2$"&4 ("01*")."), 0(#*")."), 

*",$(2).") *.* 01$(")), ,*-) =*>02$ ()&-0#$.$ * &,$-$") 2)(*()=). 

A)'.)&"0&, *&-*,*2)"*> -0#),)%) &) "0(1)."01 ()&-0#$.01 +$ -(02$()2)") 

B0.10'0(02-A1*("02@$2*1 ,$&,01157. C &.45)+$2*1) %)#) +$ ()&-0#$.) -0#),)%) 

1$($"*> *",$(2)."01 *.* 01$("01 &%).01 9*.) 9.*&%) "0(1)."0+, ) %0$6*8*+$", 

2)(*+)8*+$ *?"0&*0 1)=$ 0# 0,3 -(*1$=*2)") +$ &($#=) 2($#"0&, 4? ")2$#$"4 

&,)"#)(#"4 #$2*+)8*+4. C 0&,).*1 &.45)+$2*1) +$ -0($# &($#=$ 2($#"0&,* 

")20<$") * 1$#*+)"). 

B0(*3:$"$ &4 &.$#$:$ )").*,*5%$ &,),*&,*5%$ 1$,0#$157: ?) -0($<$=$ 

()?.*%$ %0# -)()1$,)(&%*> 2($#"0&,* %0(*3:$"* &4 ,-,$&,, +$#"06)%,0(&%) * 

#206)%,0(&%) )").*?) 2)(*+)"&$; ?) -0($<$=$ ()?.*%$ %0# "$-)()1$,)(&%*> 

2($#"0&,* ?) #2) "*?) -0#),)%) %0(*3:$"* &4 "2 ,$&,, ;$%D$1)( ,$&, * 

E*.%0%&0"02 ,$&,, ) ?) 2*3$ 0# #2) "*?) -0#),)%) B()&%).-E0.*& )").*?) 

2)(*+)"&$; ?) *&-*,*2)=$ %0($.)8*+$ %0(*3:$") +$ F*(&0"02) .*"$)(") 

%0($.)8*+), ) 4 &.45)+4 #) -0#)8* "*&4 -)()1$,)(&%* *.* "*&4 "0(1)."0 

#*&,(*94*()"*, %0(*3:$") +$ A-*(1)"02) "$-)()1$,)(&%) %0($.)8*+). 

F($#*%,0(") 2($#"0&, 2)(*+)9.* *&-*,*2)") +$ 14.,*2)(*+)","01 .0'*&,*5%01 
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!"#!"$%&'(. )!%("*"+% $, $-.+/.!/+% 0!%-"!%&,(% $-.-%$-%10" 2+.1.&+'$-% '/ 

0,05 % 3%$'0" $-.-%$-%10" 2+.1.&+'$-% '/ 0,01. 
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!"#$%&'&( 

()*+,+-./. 012*. 

!"#"$" 1 (%#"&%"#'()*+&) 

,-./.01. /2-23 

%45 675428.95 :6;./2/<2/ =.;7<6; 6>6-5-.? 1@16A2 >.6 95 >6-, 74.=@<2/ @ 

64 =-@0292 (85,3%). %645: <6B2, @ 44 =-@0292 @605/ 95 . 7645;5C29 ?6:2: B5B2D5 16: 

6=2;/25=< 728.95/2<2 (25%) . ?42;2D5 16: 26 728.95/2<2 (34,7%). 

%4567542<.A/6 .3;545/. 6>.;. 76145<2 @ 6>6-5-6; 3B-6>@ 1@12: 

• !"#$%&'( 115,6+/-20,070 

• #$%)#*+&'( 1,0+/-13,020 

• (,-.$/&'( 28,7+/-10,880 

• (-.$/&'( 19,5+/-7,650  

• %012(34( 51)(/&'( 28,1+/-11,390 

• .*.)5(34( 51)(/&'( 24,6+/-11,560 

E /29A5C5; >469@ =-@0295A2 (54 1@12, 72%) /.95 32>5-5F5/ 1-./.01. A.:G.A 

./5B2-.<5< /6B@ 745 675428.95. 

#2:.6B42H=1. /2-23 

)3;545/. *.>54B6A I" @B26 95 746=50/6 .3/6=.6 15,18+/-9,310 (;5:.92/2 

15,60), . 145<26 =5 @ ./<54A2-@ 6: -8 - 36,870. 

%46=50/2 A45:/6=< 76-@7450/.12 46<28.95 @ 3B-6>@ 1@12 .3/6=.-2 95 3,68 +/-

1,5 cm (67=5B 6: 1,31 - 11,08 cm, ;5:.92/2 3,18 cm). %4567542<.A/2 746=50/2 

8.41@-24/6=< @ .3;545/6; ;2<54.92-@ 95 .3/6=.-2 0,985+/-0,022.  

'/2-.3.429@C. 423-.1@ @ 1A2-.<5<@ ?6:2 745 675428.95, @=<2/6AG5/2 95 

=<2<.=<.01. 3/2029/2 423-.12 =2;6 16: 8.41@-24/6=<. 3B-6>2 1@12: 1@16A. 16: 

169.? 95 ?6: >.6 @45:2/ .;2-. =@ =<2<.=<.01. 3/2029/6 A5C@ 8.41@-24/6=< 

(0,995+/-0,006) /5B6 1@16A. B:5 95 @=<2/6AG5/6 B5B2D5 (0,979+/-0,031) .-. 

?42;2D5 (0,978+/-0,024) (F=5,199, p<0,05).  
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!"#" $% & '()"*& '+(,&,)-. (/( .#,&,)-. 0./1(2 )%3.0" '+% .'%+"4($%, 1( 

5.# $%#1.3 '.,6")+"1.3 '"+"6%)+" 1($% &,)"1.-7%1" ,)")(,)(85( 91"8"$1" +"9/(5" 

& #(,)+(0&4($(.  

:(.6%2"1(85( '"+"6%)+( 

;+%.'%+")(-1( 0(.6%2"1(85( '"+"6%)+( #.0($%1( '+(6%1.6 6")%6")(85.3 

6.#%/" '+(5"9"1( ,& & T"0%/( 2. <%/%,1" 6"," & -+%6% '+%.'%+")(-1.3 6%+%*" 

(91.,(/" $% 48,2+/-15,9 kg. 

<"0%/" 2. :(.6%2"1(85( '"+"6%)+( .'%+(,"1(2 93/.0.-" 5&5" 
 – '+%.'%+")(-1. 6%+%*% 

;"+"6%)"+ =',%3 x̄  +/- SD 

R/Wb (1) 2,44-3,92 3,24+/-0,35 

>-R (0) 1,64-8,97 5,72+/-1,69 

>-pol (0) 16,65-79,42 43,44+/-13,55 

Pmax/Wb (1) 487,9-43670,9 5215,4+/-6366,46 (6%#($"1" 4026,49) 

Pmax (MPa) 0,15-17,4 2,4+/-2,91 (6%#($"1" 1,69) 

Gp/Wb (103 m-3) -2,32-64215,49 913,50+/-7416,94 (6%#($"1" 4,67) 

?)")(,)(85( $% (,'()(-"1" +"9/(5" .-(2 -+%#1.,)( & .#1.,& 1" #($"31.9&, 

'+%.'%+")(-1( 5-"/()%) 2.#" ( '+(,&,)-. 0./1(2 )%3.0" '+% .'%+"4($%. !.# 

"1"/(9% & .#1.,& 1" #($"31.9&, ,)")(,)(85" 91"8"$1.,) &,)"1.-7%1" $% ,"6. 9" 

1.+6"/(9.-"1& +%9&/)"1)1& ,(/& (R/Wb) ( ). (96%@& .0./%/(2 .# +"9-.$1.3 

'.+%6%A"$" 5&5" (3,29+/-0,35) ( .0./%/(2 .# ;%+)%,.-% 0./%,)( (2,91+/-0,32) 

(F=4,283, p<0,05). =,)"/( '+%.'%+")(-1( 5+()%+($&6( 1(,& #.-%/( #. 

,)")(,)(85( 91"8"$1(2 +"9/(5". 
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!"#$%&%'#"# () *)+,-./"# 0.1)&#".-2 0.()3%"#4"%5 0#'#*)2#'#, .3".-". 

-2)0)" 6%5.1.7 -$%4".7, 0#'#$)$".7 1#'%'#6# ,",2#' 7',0) 0').0)'#2%1". 

%-0%2%1#"%5 8,8.1#. 9.4)") -, -$)3):) -2#2%-2%48) &"#4#(".-2%: 

• !"#$%& ' (#)*) +#),+)#$&-(.,/ *)#)0$ (-%,1, %&$&-%&-21- (-%,1, 

".$2$3., +,"-&-(., 1,#)4-#$ %$ &)4)%.,* &)5-.,* (R=0,573, p<0,01). 

• 6,4'+#)2.-1 #,&$7-3) ' +,%*$&#$.,* "/4,8' 1'1$ %&$&-%&-21- ".$2$3., 

1,#)4-#$ %$ 9-8)#/,(-* :; '/4,* (R=-0,249, p<0,05). 

• !/$, #)"'4&$.&.) %-4) ' "/4,8' 1'1$ +,1$"'3) %&$&-%&-21- (-%,1, 

".$2$3.) .)/$&-(.) 1,#)4$7-3) %$ 9-8)#/,(-* :; '/4,* (R=-0,376, 

p<0,01) - %$ .,#*$4-",($.,* *$1%-*$4.,* %-4,* (R=-0,634, p<0,01). 

• 6,#)< &,/$, .,#*$4-",($.a *$1%-*$4.$ %-4$ (R/Wb) -*$ %&$&-%&-21- 

(-%,1, ".$2$3.) 1,#)4$7-3) %$ *$1%-*$4.,* %-4,* +#-&-%1$ (R=0,463, 

p<0,01) 1$, - %$ .,#*$4-",($.,* *$1%-*$4.,* %-4,* +#-&-%1$ (R=0,385, 

p<0,01), <,1 ".$2$3.) .)/$&-(.) 1,#)4$7-3) -*$ %$ 7-#1'4$#.,=>' (R=-

0,308, p<0,05), $ +,"-&-(.) 1,#)4$7-3) %$ '/4,* *$1%-*$4.,/ +#-&-%1$ 

(R=0,3, p<0,05). 

• 9-8)#/,( :; '/$, %&$&-%&-21- (-%,1, ".$2$3., .)/$&-(., 1,#)4-#$ %$ 

'/4,* *$1%-*$4.,/ +#-&-%1$ ' "/4,8' 1'1$ (R=-0,96, p<0,01) 

• ? <-#)1&.- (Pmax) - .,#*$4-",($.- *$1%-*$4.- +#-&-%$1 .$ 

$#&-1'4$#.' @#%1$(-7' (Pmax/Wb) +,1$"'3' 3,= - (-%,1, ".$2$3.' 

1,#)4$7-3' - &, .)/$&-(.' %$ 9-8)#/,(-* :; '/4,* (RPmax=-0,427, 

RPmax/Wb=-0,439, p<0,01), - %$ +,4'+#)2.-1,* #,&$7-3) ' "/4,8' 1'1$ 

(RPmax=-0,505, RPmax/Wb=-0,661, p<0,01), $ +,"-&-(.' 3,= - %$ '/4,* 

*$1%-*$4.,/ +#-&-%1$ (RPmax=0,481, RPmax/Wb=0,503, p<0,01) 1$, - 

*)A'%,8.' 1,#)4$7-3' (R=0,823, p<0,01)  
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!"#"$" 2 (%&'(&%"#)(*+,&) 

)-./0102.-. 34 52674-. 76286/69:0; 0 <0674;.-0=:0; 5.2.74>.2. :?:6@. 

56A/4 >26A>2?:4 6A>46>67034 :.2/0B4 ? 6C-6A? -. 5246542.>0@-4 @24C-6A>0 

520:.1.-4 ? (.<4/0 1. #41?/>.>0 5624D4E. C@. 7424E. 520:.1.-0 A? ? (.<4/0 4. 

(.<4/. 4. *A50>0@.-. F2?5. - 52674-4 76286/69:0; 0 <0674;.-0=:0; 
5.2.74>.2. -.:6- 6542.B034 

%.2.74>.2 
!424E4 2 

xG+/-SD 
%2674-. ? 6C-6A? -. 
7424E4 1 (!x, %) 

'>.>0A>0=:. 
1-.=.3-6A> 2.1/0:4 

H" ?F.6 (0) 
33,55+/-12,63 

(74C03.-. 33,45) 
17,85 (114%) F= 231,392; p<0,01 

r (cm) 
3,93+/-1,78  

(74C03.-. 3,55) 
0,37 (11,6%) F= 5,969; p<0,05 

R/Wb (1) 3,14+/-0,37 -0,107 (3,3%) F= 11,326; p<0,01 

I-R (0) 6,48+/-1,80 0,88 (15,3%) F= 18,947; p<0,01 

I-pol (0) 
16,59+/-11,92 

(74C03.-. 15,85) 
-27,59 (63,5%) F= 275,289; p<0,01 

Pmax/Wb (1) 
2748,31+/-1766,16 
(74C03.-. 1776,75) 

-2249,74 (55,9%) F= 9,157; p<0,01 

Pmax (MPa) 
1,01+/-0,7  

(74C03.-. 0,91) 
-0,78 (46,2%) F= 26,693; p<0,01 

Gp/Wb (103 m-3) * 
-0,25+/-5,2  

(74C03.-. -0,48) 
e8,02 (67,1%)* z=-6,4573; p<0,01 

* 1. 56>24<4 5624D4E. ? 526B4->07., 56C.>.: 34 >2.-A86270A.- >.:6 C. A4 C6<0/. 
/0-4.2-. A:./.. 
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!"#"$" 3 (%&'#()*) 

+,- 44 ./01232 34 5,64- 564,5462789:,; 8 5,.7,5462789:,; ,<29=4:, 8 

764>4, ?296@:, A464B4. C6,.41:4 964-:,.78 A,6D,/,@E8F 8 <8,A4F2:81E8F 

5262A47262 -,<834:8F 0 78A 5,:,9=4:8A A464B8A2 568E2?2:8 .0 T2<4/8 5. 

G62H4:2 34 8 .7278.781E2 2:2/8?2, 8 5,3212:, .0 ,-@72A52:4 ,:4 964-:,.78 E,34 

.4 ,- ,.72/8F .7278.781E8 ?:2123:, 62?/8E030, 2 :89, ?:2123:,.78 34 ,?:214: 

?94?-8I2A2 (*-p<0,05; **- p<0,01). 

J2<4/2 5. !,6D,/,@E8 8 <8,A4F2:81E8 5262A4768 ,5468.2:8F ?;/,<,92 E0E2 – 
A464B4 1, 2 8 3 

C262A4726 
!464B4 1  

xK+/-SD 
!464B4 2  

xK+/-SD 
!464B4 3  

xK+/-SD 

TM (kg) 46,17+/-15,34 (**) 49,221+/-15,22 (**) 56,25+/-12,67 (**) 

L" 0;2, (0) 
15,18+/-9,46 (**) 

(!"#$%&'& 16,34) 

34,44+/-13,16 
(A4-832:2 36,1) 

34,85+/-13.75 
(A4-832:2 35,59) 

r (cm) 3,69+/-1,15 (**) 
3,96+/-1,81 (**) 

(!"#$%&'& 3,19) 

3,8+/-1,25 (**) 

(!"#$%&'& 3,48) 

R/Wb (1) 3,26+/-0,34 3,1+/-0,37 (**) 3,29+/-0,46 

M-R (0) 5,56+/- 1,63 6,69+/-1,82 (**) 5,49+/-1,72 

M-pol (0) 44,08+/-13,55 (**) 
15,86+/-12,18 

(A4-832:2 11,02) 
18,08+/-14,06 

(A4-832:2 16,62) 

Pmax/Wb (1) 
5473,08+/-6489,91 (**) 

(!"#$%&'& 4229,45) 

2026.82+/-1415.41 
(A4-832:2 1852,26) 

2099.85+/-1377.34 
(A4-832:2 1673,64) 

Pmax (MPa) 
2,4+/-2,5 (**) 

(!"#$%&'& 1,7) 

1,0+/-0,7  
(A4-832:2 0,9) 

1,1+/-0,7  
(A4-832:2 0,9) 

Gp/Wb (103 m-3) 
23,59+/-45,15 (**) 

(!"#$%&'& 8,48) 

-0,12+/-6,53  
(A4-832:2 -0,07) 

0,18+/-4,23  
(A4-832:2 -1,06) 
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!"#$%$&$ '$#$&( 1 ) 3 

(*+,-./01 *+2+3 

4,+,1/,1501 67 +*+21318+*- 1 9+ 21 67 *+0-* -:78+;167 9-<2- 9- :8-.7*7 

872+,1=*7 9>?1*7 -:781/+*7 *-@7 .787*- > -9*-/> *+ *+/:8+.*>, *7-:781/+*> 

*-@>. !87-:78+,1=*- 67 1/:1,1=+*+ *-@+ A12+ 08+B+ -9 *+/:8+.*7 3+ :8-/75*- 

0,21+/-1,06 cm, 1 ,+ /7 8+3210+ *+0-* -:78+;167 /.+C12+ *+ 0,12+/-0,94 cm, A73 

/,+,1/,1507 3*+5+6*-/,1 (t=1,050; p>0.05). D+0- A1 /7 :8-=781- 7=7*,>+2*1 >,1;+6 

:+,-2-<01E :8-.7*+ *+/:8+.*1E 0>0-=+, 3+/7A*- 67 +*+21318+*+ 1 :-9@8>:+ 

-:781/+*1E 0>0-=+ 5161 /> *+/:8+.*1 0>0-=1 > -A+ .787C+ A121 398+=1. 

4,+,1/,1501 3*+5+6*+ 8+3210+ ,+0-F7 *167 >/,+*-=G7*+ (t=0,1331; p>0,05). 

(*+21318+*+ 67 1 ;180>2+8*-/, @2+=7 H7.>8+ :87 1 :-/27 -:78+;167. 

!87-:78+,1=*- 67 ;180>2+8*-/, 13*-/12+ 0,985, + :-/,-:78+,1=*- 0,987. 

4,+,1/,150+ 8+3210+ *167 >/,+*-=G7*+ (t=1,021; p>0,05) 

I>*0;1-*+2*1 *+2+3 

J8<7*+ 67 +*+213+ =879*-/,1 -A1.+ :-087,+ -:781/+*-@ 3@2-A+ 0>0+ :87 1 

:-/27 -:78+;167. #73>2,+,1 /> :810+3+*1 *+ K8+H10-*> 1.  

K8+H10-* 1. #72+,1=*7 =879*-/,1 :8-/75*-@ -A1.+ :-087,+ > 1/:1,1=+*-6 @8>:1 
(:8-;7*+, -9 H131-2-<0-@ -A1.+ :-087,+): :87-:78+,1=*1 1 3+=8<*1 
*+2+3 
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!"#"$%"$&'# (#)*$'# + ,-'(."$/# $%,$"$0#1. 2(+,. '+'-0# ,(. $ ,-%*. 

-,.(#3$4. +-&.1# 4. %#/- )# ,-'(.". .'%".1)$4. $ %,-5#67. (-"#3$4., /#8# 4. 

0.*$&$1# ". (#)*$'. '*$1$&'$ )#1./#(5$0#: 3,6 %".,.1$ '-8 .'%".1)$4. $ 4,2 

%".,.1# '-8 %,-5#67. (-"#3$4.. 9-&.1# 4. $ '-(.*#3$4# ,(.-,.(#"$01. %# 

,-%"-,(#"$01-/ 0.*$&$1-/ '-8 %0$: '#".2-($4# ,-'(."#: )# ,-'(.". .'%".1)$4. $ 

%,-5#67. (-"#3$4. 1# 0$%-'- )1#&#41-/ 1$0-+, 8-' 4. '-8 -%"#*$: '#".2-($4# 

,-'(."# ;$*# ,-"0(<.1# 1# %"#18#(81-/ 1$0-+ )1#&#41-%"$. 

=0#*$"." :-8# ,-%/#"(#1-/ 1-2-/ 4. "#'-<. %"#"$%"$&'$ #1#*$)$(#1, # 

,-8#"#' 4. ,($'+,5.1 )# 71 (94,7%) ,#3$4.1"#. >(. -,.(#3$4. 4. 2.2#*- 17 (23,9%) 

,#3$4.1#"#, :(#/#7. 4. ,($/.?.1- '-8 7$: 26 (36,7%), 8-' 4. 28 ,#3$4.1#"# 

(39,4%) $/#*- 1-(/#*#1 :-8. @#'-1 -,.(#3$4. 2.2#7. 4. ;$*- ,($%+"1- '-8 %0.2# 

&."$($ ,#3$4.1"# (5,6%) $ :(#/#7. '-8 -%#/ (11,3%), 8-' 4. 7$: 59 (83,1%) $/#*- 

1.+,#85$0 :-8. >($/.1-/ A.'@./#( ".%"# ,-"0(<.1# 4. 0$%-'# %"#"$%"$&'# 

)1#&#41-%" +-&.1-2 %/#7.7# ,($%+%"0# $ 2.2#7# (McNemar, #BA = 3, #AB = 16, 

p<0,01) $ :(#/#7# (McNemar, #BA = 3, #AB = 21, p<0,01). 
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!"#$%"&#' (%)*' 

!"#"$" 1 

% &'()*+ 6 ,-+.'/'0) 12 3-)40516+ (+57)8'0+9.+8 ,'-'7)6'-' .5:) 754)* 

/;*5(' .2.' ,-)43+<' /' 0);'6+302 (/4-'3+ .2.53+) + ,5/+6+302 .506-5*02 ;-2,2 

(,-57)=)0+ .2.53+) 0' 510532 ,54'6'.' 45(+:)0+8 0' ,-357 7)-)=2. 

&'()*' 6. >+57)8'0+9.+ ,'-'7)6-+ 0);'6+30) + ,5/+6+30) .506-5*0) ;-2,) – 
7)-)=) 1 

?);'6+30' .506-5*0'  
;-2,' 

@5/+6+30' 
.506-5*0' ;-2,' 

@'-'7)6'- A,1); xB+/-SD xB+/-SD 

C6'6+16+9.' 
/0'9':0516 
-'/*+.) 

R/Wb (1) 2,50-3,80 2,94+/-0,32 3,22+/-0,32 
Z=-3.314, 

p<0,01 

D-R (0) 1,86-9,65 5,69+/-1,99 5,96+/-1,4 
Z=-0.05, 
p>0,05 

D-pol (0) 1,55-33,07 
19,83+/-7,88 

(7)4+:'0' 20,39) 
39,52+/-11,85 

Z=-5.19, 
p<0,01 

Pmax/Wb (1) 180.71-3843.58 
2148,62+/-1115,92 
(7)4+:'0' 2216,58) 

3717,17+/-2468,28 
(7)4+:'0' 3388,41) 

Z=-2.301, 
p<0,05 

Pmax (MPa) 0,05-1,64 
0,82+/-0,43 

(7)4+:'0' 0,83) 
1,74+/-1,18 

(7)4+:'0' 1,58) 
Z=-3.363, 

p<0,01 

Gp/Wb (103 m-3) -4.77-1.05 
-1,24+/-1,54 

(7)4+:'0' -1,02) 
11,84+/-21,01 

(7)4+:'0' 3,49) 
W=247, p<0,01 

C6'6+16+9.' '0'*+/' :) ,5.'/'*' 4' 1) 1.5-5 13) +/*'/0) 3-)40516+ 

7'6)7'6+9.5; 754)*' .54 43) ,54;-2,) 0)5,)-+1'0+8 .2.53' 16'6+16+9.+ 

-'/*+.2:2. E/2/)6'. :) 2;'5 -)/2*6'060) 1+*) (D-R). 
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!"#"$" 2 

%&'()&'* '+,-).&/) .& 0120)3)+4 (&5)*2/(4. 64(*14+(4. 51,02 (731)/2 

6,64/2) 2 () 01/48 2 () 31,548 8&1&9,. :()+2721)(& ', 1)7+26& , 841;4+4<628 

2 =248&>)(2-628 0)1)8&*128) 278&?, 01/45 2 04(4/@&(45 8&1&9). (A)=&+) 7) 

A)=&+) 7. !41;4+4<62 2 =248&>)(2-62 0)1)8&*12 (&5)*2/(& 64(*14+(& 51,0&- 
1)7+26) 278&?, 8&1&9) 1 2 8&1&9) 2 

B)1)8&*)1 !&1&9& 1 
xC+/-SD 

!&1&9& 2 
xC+/-SD 

D*)*2'*2-6) 
7()-).(4'* 1)7+26& 

A&+&'() 8)') (kg) 42,59+/-13,85 46,84+/-14,37 t = -4,115; p<0,01 

E" ,5)4 (0) 33,9+/-8,04 34,75+/-5,9 F= 0,366; p>0,05 

r (cm) 3,52+/-1,52 3,34+/-1,69 F= 1,42; p>0,05 

R/Wb (1) 2,96+/-0,35 2,82+/-0,3 F= 17,392; p<0,01 

F-R (0) 
5,43+/-1,9  

(8&32.)() 5,86) 
5,67+/-1,93 F= 0,810; p>0,05 

F-pol (0) 
19,41+/-8,46  

(8&32.)() 20,84) 
17,46+/-6,13  

(8&32.)() 16,72) 
F= 1,533; p>0,05 

Pmax/Wb (1) 2154,34+/-1056,06 
2171,36+/-926,43 

(8&32.)() 2124,15) 
F= 0,018; p>0,05 

Pmax (MPa) 
0,82+/-0,39  

(8&32.)() 0,76) 
0,92+/-0,33  

(8&32.)() 1,02) 
F= 2,265; p>0,05 

Gp/Wb (103 m-3) 
-1,38+/-1,63  

(8&32.)() -1,04) 
-1,91+/-1,58  

(8&32.)() -1.49) 
z=-1,5771 p>0,05 
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!"#$%$&$ '()'*'+,-$ ' ."-*#"/-$ 0#1)$ 

!"#"$" 1 

%& '()*+ (*,-*.-* /& *'0(1.&-0 232*)0 '(0*'0(&41)-*+) +0(053 3*60-& 70 

8(3'& *, 19 '&9170-&4& 6171 70 70,&- 232 '(1'&,&* 1.'141)&-*7 8(3'1, & -&.'(&+-1 

232 '(1'&,&* -08&41)-*7 2*-4(*:-*7 8(3'1, 2*73 61-0 /,(&)1 232*)1. ;*, 51< 70 

3(&=0-* '*(0=050 +*(>*:*?21< 1 @1*+0<&-1621< '&(&+04&(& ,)& 232&. 

A.'141)&-& 8(3'& 70 1+&:& /-&4-* .:&@173 -&42*)B0-*.4 (C" 38&* 18,85+/-9,90 3 

*,-*.3 -& 32,98+/-7,730 3 8(3'1 /,(&)1<, F=34,965, p<0,01) 1 -0'*)*B-173 

,1.4(1@39173 '(141.2& (D-pol 37,24+/-3,940 3 *,-*.3 -& 19,83+/-7,880, F=19,839, 

p<0,01), 1 4* -&(*614* @:1/3 :&40(&:-0 1)190 &904&@3:3+& (Gp/Wb 32,38+/-72,19, 

+0,17&-& 1,96, 3 *,-*.3 -& -1,15+/-1,55 1 +0,17&-3 *, -0,88). E.4&:1 +*(>*:*?21 

1 @1*+0<&-1621 '&(&+04(1 (r, R/Wb, D-R, Pmax/Wb 1 Pmax) -1.3 '*2&/&:1 

.4&41.41623 (&/:123. 

!#$2'.*"#' ")$#,*'+-"0 #$31/*,*, 

F*81.4162*+ (08(0.17*+ 70 '(*9051)&-& '(0,124*(-& )(0,-*.4 

'(0*'0(&41)-* +0(0-1< )&(17&@:1 /& /&)(?-1 &-&4*+.21 -&:&/ (+0(0- 

G1@0(8*)1+ C" 38:*+) 1 >3-291*-&:-1 -&:&/ (+0(0- '(1.3.4)*+ 408*@& 1 

2)&:1404*+ <*,&). E, 75 '*.+&4(&-1< .:36&70)&, '*.+&4(&-0 )&(17&@:0 .3 @1:0 

2*+':04-* '(1.34-0 2*, 51< 71. H1.4(1@3917& /&)(?-*8 -&:&/& 70 .:0,0I&: 2*, 42 

.:36&7& (59,1%) *@& /&)(?-& -&:&/& .3 '*)*B-& (G1@0(8*) C" 38&* *, @&( 25 

.40'0-1, -0+& 408*@& -1 '*(0+0I&7& <*,&); 2*, 17 232*)& (23,9%) .&+* 

>3-291*-&:-1 /&)(?-1 -&:&/ 70 '*)*B&-; 2*, '(0*.4&:1< 12 232*)& (17%) 

'*)*B&- 70 .&+* &-&4*+.21 1.<*,, ,*2 '*4'3-* -0'*)*B&- 1.<*, -170 /&@0:0J0-. 

#0/3:4&41 :*81.41620 (08(0.170 '*2&/373 ,& .0 2&* .4&41.41621 )1.*2* 

/-&6&7&- '(0,124*( '*2&/&* '(0*'0(&41)-* 1/+0(0-1 G1@0(8*) C" 38&* 

(Wald=10,458; p<0,01), ,*2 .3 )0*+& @:1/3 8(&-190 .4&41.41620 /-&6&7-*.41 

'(0*'0(&41)-1 (&,173. (*4&9170 3 /8:*@3 232& (Wald=3,782; p=0,052), 

'(0*'0(&41)-& -*(+&:1/*)&-& (0/3:4&-4-& .1:& 3 /8:*@3 232& (Wald=3,757; 

p=0,053) 1 '*.4*'0(&41)-1 -*(+&:1/*)&-1 1-,02. 8(&,170-4& '(141.2& 

(Wald=3,562, p=0,059). (K&@0:& 8) 
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!"#" $% & '()"*& '+%#(,-($" ."/+0123 4&1,-(21"5123 1"5".", $%#(1( 

6)")(6)(7,( .1"7"$"1 '+%#(,)2+ $% '+%2'%+")(/1( ,/"5()%) 82#" (Wald=4,82; 

p<0,05), &. 1"'29%1& #" $% '+%2'%+")(/1( :; &3"2 <5(.& 3+"1(-% 6)")(6)(7,% 

.1"7"$126)( (Wald=3,798; p=0,051) &,25(,2 6% '269")+" (.#/2$%12, "5( )& 

6)")(6)(7,& .1"7"$126) 3+"1(712 ."#2/2="/" &,25(,2 6% "1"5(.(+" ."$%#12 6" 

'+%2'%+")(/1(9 ,/"5()%)29 82#" (Wald=3,842; p=0,05). (>"<%5" 9) 

>"<%5" 8. ?+%#(,)2+( ."/+0123 "1")296,23 1"5"." 

?"+"9%)"+ @ 
A)"1#"+#1" 
3+%0," 

B"5#2/" 
6)")(6)(," 

A)%'%1 
652<2#% 

A)")(6)(7," 
.1"7"$126) 

C,+0)%1( 
2#126 

:;1 &3"2 -0,142   0,044 10,458 1 0,001 0,87 

r1 47,556 24,455   3,782 1 0,052 0,88 

R/Wb1 -2,113   1,090   3,757 1 0,053 0,12 

Gp/Wb2 -0,368   0,195   3,562 1 0,059 0,69 
!216)"1)" 7,782   3,654   4,536 1 0,033 23950,98 

r1 – '+%2'%+")(/1( +"#($&6 +2)"-($% & .352<& ,&," 

 

>"<%5" 9. ?+%#(,)2+( ."/+0123 4&1,-(21"5123 1"5"." 

?"+"9%)"+ @ 
A)"1#"+#1" 
3+%0," 

B"5#2/" 
6)")(6)(," 

A)%'%1 
652<2#% 

A)")(6)(7," 
.1"7"$126) 

C,+0)%1( 
2#126 

:;1 &3"2 0,081 0,041 3,842 1 0,050 1,08 

D1 0,967 0,440 4,820 1 0,028 2,63 
!216)"1)" 7,782 3,654 4,536 1 0,033 2395,98 

D1- 4&1,-(21"51( 1"5". '+% 2'%+"-($% 
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!"#$%#"&' 

!"#$%$&'() *$+,)-'.$/0$- "&+1"%'&' 234+*' 050' $ ($-+&+3 5%$6'1' .' 

$"-+7 4)/)(' 8'24$/$%$- 7)9+8,$%)%' #8$,).+, /$%'&) #'4)%) +#)8'%$&.$- 

#+"%5#'0' .$1) .+&+3 7'%5,'. :+%$&$ 2' +&'1 #8'&'6 $"%8';$&'(' "5 

,.+3+"%850$: #+"%+1) 04$.$/0$ 7+0'2$ 7' "$4' 0+1' .' '6)%'*54'8.5 -8"0'&$65 

7)451) #8)753+ $4$ #8)&)4$0$, $.%).2$%)%+,, 7+&+7$ 7+ 7)3).)8'%$&.$- #8+,).' 

$ #+1'&) *+4+&' 5 234+*5. <'=), 4'*+8'%+8$1"0' ,)8)(' "$4) .' 0'7'&)8$/.$, 

,+7)4$,' 50'2'4' "5 7' +"%&'8$&'() 9$2$+4+>0) ,)-'.$0) 234+*' 050' 

#+*+=>'&' ()3+&5 95.06$15 $ 5"#+8'&' 7)3).)8'%$&.) #8+,).)76. 

?'&8),).$ $.%)8)" 2' +7.+" "$4' 0+1) #+"%+1) 5 234+*5 050' $ ()3+&) 

,+89+4+3$1) #85;' *+=5 ,+35@.+"% 8'25,)&'(' )%$+4+3$1) #'%+4+>0$- #8+6)"' 

0+1$ 3' 2'-&'%'15, $ &)@5 )9$0'".+"% ($-+&+3 +8%+#)7"0+3 4)/)('. A&+ ") 

.'8+/$%+ +7.+"$ .' 8'2&+1.$ #+8),)@'1 050' $ +"%)+'8%8+25, '4$ $ .' 7853) 

#+8),)@'1) 234+*' 050'. A&' 7&' #'%+4+>0' "%'(' "5 2.'/'1.+ #+&)2'.': 7+0'2'.+ 

1) 7' 1) #8$"5"%&+ 7$"#4'2$1) 234+*' 050' 2.'/'1'. )%$+4+>0$ 9'0%+8 .'"%'.0' 

0+0"'8%8+2) 5"4)7 ",'()(' .+")@) #+&8>$.) $ #+&)@'(' #8$%$"0' .' 

'8%$054'8.5 -8"0'&$6551,91,158,159,160,161,162,163,164,165,166. B+7 +0+ 50% #'6$1).'%' "' 

7$"#4'2$1+, 234+*' 050' 0+0"'8%8+2' ") ,+;) +/)0$&'%$ #8) 60. 3+7$.)167. !#'0, 

&'4$7.' #8)7$06$1' #+1'&) 0+0"'8%8+2) 0+7 7$"#4'"%$/.$- 050+&' "',+ .' +".+&5 

,+89+4+>0) #8+6).) &)4$/$.) ($.%).2$%)%') 7$"#4'2$1) .$1) $2&+7=$&'138. 

C'24+3 1) 5 %+,) >%+ .)0'7' $ ,'4) &8)7.+"%$ D$*)83+&+3 EF 534'168 (53'+ ,'($ 

+7 25 "%)#).$ #8)7"%'&=' 08$%)8$15, 2' #+"%'&='() 7$1'3.+2) 7$"#4'2$1) 234+*' 

050') .) ,+8'15 .5;.+ *$%$ #8'@).) $ &)4$0$, $.%).2$%)%+, "$4) #8$%$"0' .' 

234+*.5 -8"0'&$65, &)@ %+ 2'&$"$ +7 #8'&6' &)0%+8' 8)254%'.%.) "$4) 5 %+, 

234+*579. 

$()*+,-, .-/-0+1 + 2/3/)450),+1 236),)7) 

B'8'0%)8$"%$0) ,)8)(' $,'15 #8)"57'. 5%$6'1 .' $.%)8#8)%'6$15 $ 

5#+%8)*.5 &8)7.+"% ,)8)(), 7+*$1).$- 8)254%'%'. G %+, ",$"45, .)+#-+7.+ 1) 7' 

#+7'6$ 0+1) #8)7&$H' %8+7$,).2$+.'4.$ ,'%),'%$/0$ ,+7)4 234+*' 050' 

2'7+&+=) "4)7)@) 08$%)8$15,): 
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!"#$%&'"() 

*+,)-+,.#/ 0"#$%&'"(), ("1.-2),3'"(),, "%'"('" 0"'"34,3"(),) +-$#5)&)& 

# "3"/ ,()+&6,3&7# .- ,(0,)&'& 0#)-/ 0"'"34-',8 /-+-7& , &'&5,$- 2#2"3& 2"., 

0+,0&%&.# '-9&),3'". 2"')+"5'". 9+#0,, "%'"('" $%+&3,8 2#2"3&. :-$#5)&),, 

(#/,+&', # ;&1-5, 6, #2&$#.# %& (- )-5-('& /&(& ($& 9,1%) , 3-5,<,'& +-$#5)&')'- 

(,5- '"+/&5,$"3&'- 0+-/& )-5-('". )-6,', ($& 4,8%) ()&),(),<2, 3,("2" $'&<&.'" 

+&$5,2#.# # 0"'"34-',/ /-+-7,/&. =3&2&3 '&5&$ (- "1.&>7&3& 3-?"/ 

3-+"3&)'"?"/ 9".-7& 0&@,.-'&)& # #(5"3,/& "9+&',<-'- /"9#?'"(), 2+-)&7& # 

0"()"0-+&),3'"/ 0-+,"%#, 2&" , ")-6&',/ $&#$,/&7-/ 0+&3,5'"9 0"5"6&.& '"9# 

0+,5,2"/ (',/&7& +&%,"9+&/&. A()& )-'%-'@,.& (- /"6- 3,%-), , '& "0-+,(&',/ 

2#2"3,/& '& %+#9"/ /-+-7#. (;&1-5& 5) 

B& 1, (- 0+, -3&5#&@,., 0"'"34,3"(), +-$#5)&)& ,$1-9&" '&3-%-', #),@&., 

,(0,)&'& .- *+&(2&5-C"5,( '-0&+&/-)&+(2& .-%'"(/-+'& &'&5,$& 3&+,.&'(- 9+#0- 

"% 10 2#2"3& 2"., (# '& (3& )+, /-+-7& 0+,0&%&5, '-9&),3'". 2"')+"5'". 9+#0,. 

D, 2"% .-%'"9 0&+&/-)+& 0&+&/-)&+& /&)-/&),<2"9 /"%-5& ',.- #"<-'& 

()&),(),<2, $'&<&.'& +&$5,2& '& )+, 0"'"34-'& /-+-7&. (;&1-5& 10) 

;&1-5& 10. *+,)-+,.#/ "1.-2),3'"(), /-)"%& – /-+-7& 1, 2 , 3 

!&+&/-)&+ C+-%'"() )-()& E)&),(),<2, +-$#5)&) 

R/Wb (1) F=1,76 p>0,05 

F-R (0) F=1,363 p>0,05 

F-pol (0) F=0,766 p>0,05 

Pmax/Wb (1) F=3,22 p>0,05 

Pmax (MPa) F=1,312 p>0,05 

Gp/Wb (103 m-3) F=2,282 p>0,05 

G&24#<#.- (- %& .- 2+,)-+,.#/ 0"#$%&'"(), ,(0#7-'. 
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!"#$%&'() 

!"#$%&'(), $#$ *"+"&'() ,'%-#" (.'/"0")-+ %" ,'%-# 0"$()" /*"&)$1$/23- 

*-#$4$&- /'3- 3- .5-%*$6-&' %" /*"&)$1$/23-) (- ,"&$1-()23- &" (#-%-7- &"4$&-:  

(") 2(.-8&$, 5"0#$/'*"9-, &-:")$*&- '% .'0$)$*&- /'&)5'#&- :52.-. 

;'&)5"#")-5"#&$ /2/'*$ (2 ()"&%"5%&$, '5)'.-%(/$, /5$)-5$32,$," 5"0*5()"&$ 

&" &-:")$*&2 (0%5"*$ /2/'*$) $ .'0$)$*&2 /'&)5'#&2 :52.2 (.5',-9-&$ /2/'*$), 

$ .5'(-4&- *5-%'()$ <$',-="&$4/$= ."5",-)"5" /'3- ,'%-# .5-%*$6" 5"0#$/232 (- 

*$('/' ()")$()$4/$ 0&"4"3&', 2 /'5$() 0%5"*$= /2/'*". ;'% 9$= (- '.$(23- ,"9" 

$&)-&0$)-) &'5,"#$0'*"&- 5-02#)"&)&- ($#-, ,"9$ 2:"' ,"/($,"#&': .5$)$(/" 2 

0:#'<2, ,"9$ $&)-&0$)-)$ ,"/($,"#&': $ &'5,"#$0'*"&': ,"/($,"#&': .5$)$(/" 

&" 0:#'<&- .'*58$&-, /"' $ &-:")$*"& &'5,"#$0'*"&$ $&%-/( :5"%$3-&)" ($#- 

.5$)$(/" &" #")-5"#&'3 $*$>$ ">-)"<2#2,". (?"<-#" 6) 

(<) .'5-6-9- $(.$)$*"&- $ &-:")$*&- /'&)5'#&- :52.-, '.$("&- 2 

5-02#)")$,", )"/'6- 2/"023- &" ()")$()$4/$ *$('/- 0&"4"3&'()$ 5"0#$/" 2 /'5$() 

0%5"*$= /2/'*".  

(*) .'5-6-9-, 9$,- %'<$3-&$= <$',-="&$4/$= ."5",-)"5" &"#"0$," %52:$= 

$()5"@$*"4"20,99 2'4"*" (- $()$ 5-% *-#$4$&- $ /'&0$()-&)&- *5-%&'()$ 

,"/($,"#&': .5$)$(/" 2 0:#'<2 /2/", /"' $&'5,"#$0'*&$= *5-%&'()$ 5-02#)"&)&- 

($#- $ ($#- .5$)$(/". 

A"/+2423- (- %" 3- $(.29-& /5$)-5$32, *"#$%&'()$ 

B$(/5$,$&")$*&'() 

B$(/5$,$&")$*&'() ((-&0$)$*&'() $ (.->$1$4&'()) ,'%-#" .5-%()"*+" 

9-:'*2 (.'('<&'() %" %'<5' 5"0#$/23- ,'%"#$)-)- .'(,")5"&- *-#$4$&- 2 20'5/2 

&" /'3$ (- .5$,-923-. C'8)' 3- )5'%$,-&0$'&"'#&$ ,")-,")$4/$ ,'%-# 0:#'<" 

/2/" 2(,-5-& &" "&"#$02 %$()5$<2>$3- ($#- &" 0:#'<&2 .'*58$&2, $ 2 #$)-5")25$ 

(- &"*'%$ =$.')-0" %" 3- &'5,"#$0'*"&$ $&%-/( :5"%$3-&)" .5$)$(/" &" #")-5"#&'3 

$*$>$ ">-)"<2#2," (Gp/Wb) <$',-="&$4/$ ."5",-)"5 /'3$ &"3<'+- '.$(23- 

.'(#-%$>- )- ($#-99, $(.$)"#$ (,' %$(/5$,$&")$*&'() '*': ."5",-)5" 0" 

%$(.#"0$32 0:#'<" /2/" 2 '%&'(2 &" ()"&%"5%&$ 5"%$'#'8/$, /5$)-5$32,', 

&-%'*'+&- .'/5$*-&'()$ 0:#'<", !$<-5:'* DE 2:"' ,"9$ '% 25 ()-.-&$.  
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!"#$%" 11. &'()"%*+',"-* *-.$/0 1(".*2$-3" 4(*3*0/" -" )$($56 2 /"' 7"/3'( 
(*+*/" +" *08'. 9*#$(1','1 :; 61%" -" )$($56 3- *04*3*,"-" 1(64" 

:; 61"' <250 -" +",(<-') )$($56 
Gp/Wb>0 

+ - 

=/64-' 

+ 7 14 21 

- 5 21 26 

>,$1" 12 35 47 

?'03'4$("3*,-' 4'+*3*,"- Gp/Wb /'. *04*3*,"-$ 1(64$ -'0* ($%"3*,-* 

(*+*/ '. 1,73, /"' * 2,1 463" ,$@6 <"-06 +" 4'1'(<"5$ -"3/(',A$-'03* -" 

+",(<-') )$($56 

B"/A6C62$ 0$ ." 06 /(*3$(*26)* 0$-+*3*,-'03* * 04$D*7*C-'03* ,"%*.-'03* 

*0465$-*. 

?($D*+-'03 

?'+-"3' 2$ .", '0*) 4($#('2","5", 0,"/' /,"-3*7*/',"5$ #*%' /'2$ 7*+*C/$ 

,$%*C*-$ '.-'0-' 64'($E*,"5$ -$4'+-"3$ ,$%*C*-$ 0" )$(-') 0/"%') 6/A6C62$ 

4'2",6 0*03$)0/$, '.-'0-' "40'%63-$ 1($</$. = 3') 0)*0%6, 4'3($#-' 2$ 

("+)'3(*3* -$/'%*/' ,"F-*8 "04$/"3" 5*8','1 1$-$(*0"5", * 4('D$-*3* 

)"/0*)"%-6 'C$/*,"-6 ,$%*C*-6 3*)$ -"03"%$ 1($</$. 

!"#$%& '()(*+,(-+$(.% 

>,* (".*'1(")* 06 7'3'1("7*0"-* -" -$1"3'0/'46 4')'@6 *03'1 .*1*3"%-'1 

7'3'"4"("3" -" 03"%/6 4(*C,(<@$-') +" 4'.%'16, 3"/' ." 2$ ("03'2"5$, 

($+'%6D*2", ($F*) ("." "4"("3" * '0,$3A$5$ #*%' /'-03"-3-' 3'/') C*3",'1 

4('D$0". 
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!"#$%& '%"%() *) +,-,.)/,0#1)*#' ")+,#-")'2 

! "#$%&'()#(&* &+,&-)'"%&* -+$%"., /)+)0$ +)1)#$(,(.2 341&#$ . '.",$(5. 

($ +$'.&4+$/./$ ") /$(3)1(& &6$#7$*3 /.1./),$+"%./ 1)0.+./$. 8-"&13,($ 

4+)9%$ %&*$ -+.,&/ ($",$*) .:(&". 0,5mm. ;$ 6."/& &'+)'.1. %&1.%3 4+)9%3 

/&<)/& &=)%.#$,. 3 .('.+)%,(& &'+)>)(./, &'(&"(& -+&+$=3($,./ 

6.&/)2$(.=%./ .:1$:(./ -$+$/),+./$ /$,)/$,.=%&4 /&')1$ :41&6$ %3%$, 

-&"13<.1. "/& ") (3/)+.=%&/ /),&'&/: ($*-+) "/& :$ "#$%3 31$:(3 #)1.=.(3 3 

/&')1 (,)1)"($ /$"$ . "#) /)+)() #)1.=.() ($ +$'.&4+$/./$ '),$7(& &-."$() 3 

-&41$#73 ?$,)+.*$1 . /),&'), -+&6(./ #$+.+$0)/ :$ .:(&" $-"&13,() 4+)9%) 

3,#+'.1. '$ 1. /)0$ "#$%. &' 9)", .:1$:(.2 -$+$/),$+$ /&')1$ (R/Wb, @-R, @-

pol, Pmax/Wb, Pmax, Gp/Wb), 3 %&/ -+$#53 . . :$ %&*. .:(&". A&,&/ "/& :$ "#$%. 

&' ,.2 -$+$/),$+$ -+&+$=3($1. %&*$ %&/6.($5.*$ #$+.+$0$ 31$:(.2 #)1.=.($ 

/$%"./$1(& -&#)B$#$ ($*#)B3 .:+$=3($,3 #+)'(&", 3 ."-.,.#$(&* 4+3-.. 8($1&4(3 

+$'03 "/& -+./)(.1. . ($ ($*/$03 #+)'(&", .:1$:(.2 -$+$/),$+$ 3 ."-.,.#$(oj 

4+3-.. C$%& '&6.*)() -+&/)() 6.&/)2$(.=%.2 -$+$/),$+$ (.:1$:(.2 #+)'(&",. 

/$,)/$,.=%&4 /&')1$) ") ($1$:) 3 &-")43 &' 1,07-13,68%.  

D$#)')(. +):31,$, #$<. :$ $($1&4(& /)+)0) 1)0.+&/. E$%& 6. '&'$,(& 

3/$0.1. $-"&13,(3 4+)9%3, +$'.&4+$/. "3 '.4.,$1.:&#$(. "$ +):&135.*&/ 

,$%#&/ '$ *) *)'$( 5)(,./),$+ 6.& -+)'",$#7)( -&/&B3 67 -.%")1$. 8-"&13,($ 

4+)9%$ -+. %&+.9B)03 +$=3($+"%.2 /)+(.2 $1$,$ 3 /)+)03 '.",$(5. ($ )%+$(3 

.:(&". *)'$( -.%")1, &'(&"(& 3,35 -3,$ *) /$0$ &' &() ($",$1) $($1&4(./ 

/)+)0)/. ;$%1), 3 ($9./ -&'$5./$ 4+)9%) 3"1)' /)+)0$ () -+)1$:) 4,1%. A+)/$ 

.",+$<.#$03 C+&)1")($ . "$+. #$+.*$5.*) 3 /)+)03 F.6)+4&#&4 GH 341$ -+. 

-&(&#7)(./ /)+)0./$ ") %+)B3 &' 5,6-6 ",)-)(. 3: .(,)+#$1 -&#)+)0$ &' 

95%.169,170 D$9$ -+&5)0)($ 4+)9%$ ($",$1$ 3 -+&5)"3 /)+)0$ ($ '.4.,$1.:&#$(./ 

+$'.&4+$/./$ *) :($=$*(& /$0$. 
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!"#$%"#&'( )* +",-%.' /0%"#1.,/$# 2'2,3* 

!"#"$%&"# '()*$ +% ," #"-*(.#"$/ (0*+*1"2( (-+&/0"3% 0#()%'4*)% 

5%$(#"2,% 6.2(7,% 0(1#8*,% (- *-%"2,% '#/9,*4% )% 4*#'/2"#,(+&, '()" 6" 

*-%"2,/ '#/9,*4/ *6,(+* 1,00. !#(+%:," 4*#'/2"#,(+& *6$%#%," / (1($ 

*+&#"9*1"3/ / *+0*&*1",() .#/0* *6,(+*2" )% 0#% (0%#"4*)% 0,985+/-0,022, 7%6 

6,":"),*; 0#($%," ," 0(,(1<%,*$ $%#%3*$". M"&%$"&*:'* $(-%2 )% 0#*$%3%, 

+"$( ," '/'(1% '()* *$")/ 4*#'/2"#,(+& 0,95 * 1%=/, 8&( /6 #%6(2/4*)/ 

-*.*&"2*6"4*)% * 0#%4*6,(+& 0#*$%,% -*.*&"2,*; "2"&" 6" $%#%3% 4*#'/2"#,(+&* 

* -*+&",4% ," %'#",/ -(1(-* -( (-+&/0"3" 4%,&#" .2"1% 5%$/#" (-%5*,*+",(. 

&%9*8&%$ ,")1%=%. (1(*-" /0*+",(. / '(,&/#/ .2"1% 5%$/#") * 4%,&#" #(&"4*)% / 

6.2(7/ '/'" (-%5*,*+,(. 4%,&#($ '#/9,*4% :*)* +% (-+%:"' 0('2"0" +" 

0(1#8*,($ '(,&/#% .2"1% 5%$/#" '()" / 5*6*(2(8'($ (0+%./ 0('#%&" -(2"6* / 

'(,&"'& +" "4%&"7/2/$($) ,% 1%=%. (- -1" $*2*$%&#", '(2*'( +% (:%'/)% * / 

5*6*(2(8'*$ /+2(1*$" /+2%- %2"+&*:,% -%5(#$"4*)% 6.2(7,*; ;#+'"1*4"122. 

>"'</:/)% +% -" )% ,"1%-%,* '#*&%#*)/$ 1"2*-,( (7/;1"&*( +5%#*:,% '/'(1%. 

4%+"%)%.$*$#3.,/$ /$*$#12,5 &%6.,.,7.,5 ,/8,.-* 

?#(-*$%,6*(,"2,* $"&%$"&*:'* $(-%2 6.2(7" '/'" ","2*6*#" 0"#"$%&#% 

+*2% / +&"&*:'($ )%-,(,(9,($ (+2(,4/. @%6/2&"&* (1"'1% ","2*6% *0"' *$")/ 

8*#* 6,":"), (-,(+,( #%2%1",&,(+& 6" 0#(+%:,/ 0('#%&<*1(+& &('($ 

+1"'(-,%1,*; </-+'*; "'&*1,(+&*, 8&( 0(&1#A/)/ * "/&(#* $%&(-" 0(#%A%3%$ 

#%6/2&"&" +" ,"2"6*$" $%#%3" 0($(=/ *,&#""#&*'/2"#,*; +%,6(#"171. !(#%- &(.", 

0(+&()% * +2%-%=* "#./$%,&*: 

• ! "#$%& &#'%()*#+, -%.)"# /0"'(#+#'%(#+")1 /,/0-# '#/02% ")*% 3)+# 

45(#-#. 67'(#8)-#9# :0-0(% 5# 5%;0(&)'%') /0"'(#+#'%(#+"0: 4:+03# 

/,/# "%&#*, 4"#<#*#" ,')=#* "# (#7>05%+, 7)+# , #"#+)4)(#"0& 4:+03,86. 

?-0 4#>#8#9% *% 0&0:,.)+0 5# 7% >07(%5"0 )7>)')-#9% 5%;0(&)7#")1 

:+#-# ;%&,(#, "# >()&%( /05 @%('%70-% 30+%7'), )7>)')-#9%& 

/0"'(#+#'%(#+"0: 45(#-0: 4:+03# ,/0+)/0 7, /,/0-) >(% >0<%'/# '% 

30+%7') 3)+) 7)&%'()<")20. 
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• !"#$% &'$#()*+ &'$!$%),- ."/$0- &"('1).- 23%"4+ ,-,+, 5$' - 6- 

-,7-8-5$ ) +9$:+4-%+'.- 5+;- (fossa acetabuli) )/&-6$.- ;+/.); :,)("; 

(pulvinar). !$*-:);, /)%+ &'):)/,+ - "("; '$3)".- ) .)5$ 2.+8+5."3 

).:$.2):$:+, " - &')/-/:(- ).:+,:."3 %+4'-;+ ;+/." :,)(" je - /:+6- #+ 

je 4+' #$%);)8." #)/:')4-)'+, #$%& '$ " () ($*#$+) ,($-$+($ ./)0%+79. 

• <'+(+9 '$2-%:+.:.$ /)%$ /$ ,'"2 9),%-/ ="#+ ;$6+ .+ ,+'+,:$')/:)8+. 

.+8).: :'+5$,:"')5+ '$2-%:+.:.$ /)%$ .+ +9$:+4-%+'."5 ='/,+()9) 

"&)/-5$ &')4%)>." &":,"()8+/:- &-:+6- ,"5+ %$>) - &"/:$'";$#)5+%."; 

#$%- +9$:+4-%-;+. ?"# #)/&%+/:)8.)= ,-,"(+ &-:+6+ 5$ - 9$%).) 4%)>+ 

%+:$'+%."5 )()9) +9$:+4-%-;+ ) &";$'$.+ .$1:" -.+&'$#, +%) 5$ :" 

.+'"8):" )2'+>$." - /'$#6$; #$%- &":,"()9$, "#."/." :","; @+2$ 

5$#.".">."3 "/%".9+ &') ="#-, ,+#+ '$2-%:+.:.+ /)%+ ,"5+ /$ ;">$ 

#$:$,:"(+:) - 23%"4- ,-,+ &') ."';+%."; )2."/) "," 250-350% :$%$/.$ 

:$>).$172,173,174. A&"'$*$6$; '+2%),+ - #)/:')4-9)5) /)%$ :","; 

'+2%)8):)= @+2+ ="#+, -/:+."(7$." 5$ #+ :$ '+2%),$ .)/- /:+:)/:)8,) 

2.+8+5.$89. B)%+ '$+,9)5$ &"#%"3$ 5$ ,"# /:+:)8,"3 5$#.".">."3 "/%".9+ 

,"./:+.:.+, +%) /$ ) :","; @+2$ 5$#.".">."3 "/%".9+ &')%),"; ="#+ ".+ 

.$ ;$6+ 2.+8+5.". C" 2.+8) #+ /- '$2-%:+:) +.+%)2$ /)%+ &'):)/,+ .+ 

+9$:+4-%+'.- ='/,+()9- ,"# /:+:)8,"3 5$#.".">."3 "/%".9+ 

&'"&"'9)".+%.) ) /%)8.) '$2-%:+:);+ ,"# "($ @+2- ="#+175. 

• D/:'+>)(+6$ E$'3;+.+ ) /+'.73 -,+2-5- #+ 5$ #";).+.:.) "4%), 

"&:$'$0$6+ 23%"4+ ,-,+ - /(+,"#.$(.); +,:)(."/:);+ ="#+6$ &" '+(."5 

&"#%"2) (82,6-88% -,-&."3 4'"5+ 9),%-/+ &",'$:+). A4'"5);" %) :- ) 

&$')"#$ 5$#.".">."3 "/%".9+, ,"5) 8).$ "," 4% 9),%-/+ &",'$:+, + 

);+5-0) - ()#- #+ /- "/:+%$ ;":"')8,$ +,:)(."/:) (="# &" /:$&$.)9+;+, 

8-8+6, &'$%+2+, )2 /:"5$0$3 - /$#$0) &"%">+5 ) "4'.-:") -3%+(."; - 

"&/$3- "&:$'$0$6+ "# 61-107% - "#."/- .+ "." &') ="#+6-, &'")2)%+2) 

#+ 5$ 92,5% "4);+ "&:$'$0$6+ ;"3-0$ (+%)#." "&)/+:) +.+%)2"; &"2)9)5$ 

/:+:)8,"3 5$#.".">."3 "/%".9+. 

1, ($!)')(&. *2)'" '$ +) 3&,"4"+$ +)'(&(&5(&. &*2&(4$ /)3/),)(#$#"!($ ,$ 

"*#/$5"!$6$ ')+*#!$ *"2) ($ 7/*%$!"48 ,.2&9$ %8%$. 



 58 

!"#$%&'(")*" +','$%-," ./0#1' *2*' 

!"#$%!"&'% ()%*%$"# '" ")*%#+&")', (-.)/%', (Pmax) 

+0123456 74 89 74 :8291 :;<6= >?>9 @A9 :59B975? =@6A4C95@B>? 24:421?: 

D24A9 @E029F@19G@A9 H42;A959 @ E92., ED6E6=95 74 89 D6854E4 6D0424I4G4 @ 86 

84140 D?09 14I4 68 04<4E54 04F@54 B@0916; 04<9, 9<@ 74 @D9> 656 :59B9756 A9G4 

D2@ E19>685415@A 298G9A9: 68 0,26% ** >68 ?E0979G9 @: E484I4; D6<6F979, 86 

260% ** >68 E@<9E>9 5@: E04D45@J4176,177. !9>E@A9<5@ D2@0@E9> D2@ 562A9<56A 

C68? 74 A4245 ? 1@K4 @E029F@19G9 @ 86=@7454 E? 124856E0@ 68 2,78 MPa178, 3,0 

MPa79, 3,26 MPa179, 3,69 MPa180, 5,5 MPa181, 10,78 MPa86, 86 11,38 MPa182. (2@ 

82?;@A 9>0@156E0@A9 D2@0@E9> 74 54K06 14I@: 68 3,31 MPa179, D24>6 11,61 MPa86 

86 11,66 MPa182 D2@ C68? ?: E04D45@J4; 4,67 !Pa179, 11,63 !Pa182 6856E56 12,73 

!Pa86 D2@ C68? 5@: E04D45@J4, 9 E<@B54 124856E0@ E? @ D2@ B?B9G? @ ?E0979G? @: 

E484I4; D6<6F979182. + 59K4A @E029F@19G? >68 :8291@C >?>619 @:A4245 74 

24<90@156 5@:9> D2@0@E9> 59 920@>?<9254 D612K@54 68 0,82+/-0,43 MPa, 

142619056 :9C19L?7?I@ 6K02@A @5><?:@65@A >2@042@7?A@A9 J@2>?<9256E0@ @ 

590>261L456E0@ >68 04 ;2?D4, 9 5926B@06 ?:41K@ ? 6=:@2 89 14<@B@59 M, ?;<9 

E090@E0@B>@ 1@E6>6 :59B9756 54;90@156 >624<@29 E9 A9>E@A9<5@A D2@0@E>6A 59 

:;<6=54 C2E>91@J4 (RPmax=-0,427). + @ED@0@19567 ;2?D@ A9>E@A9<5@ D2@0@E9> 74 

@A96 816E02?>6 14I4 124856E0@ (A48@7959 1,69 !Pa @ @:29F456 192@29G4 68 0,15-

17,4 !Pa). 

),N+&*"'*'" $%&" + NO&-H+ #+#" 

!9>E@A9<54 E@<4 >674 84<?7? 59 :;<6= >?>9 E? @ED@0@1954 D2@A456A A40684 

959<@:4 >659B5@C 4<4A45909, @ 59 6E561? 0462@7E>@C <@04290?25@C D68909>9 :9 

E090@B>@ 7485656F5@ 6E<659J :82916; :;<6=9 >?>9, ?: 04<4E5? 04F@5? 68 74 kg, 

D2629B?5909 74 A9>E@A9<59 24:?<095059 E@<9 68 2448 N, >679 D26@:168@ 

A9>E@A9<5@ >6509>05@ D2@0@E9> 68 13,06 !Pa87. P2?;@ 9?062@ D2@ E<@B5@A 

?E<61@A9 6D0424I4G9 591684 6DE4; 68 1800-3900 N, A42456 D6A6I? E45:626A 

6D24AL454 D92J@79<54 D2604:4 :;<6=9 >?>9177. (62434G9 298@, ? @E06A 

@E029F@19G? 74 :9=4<4F459 @ A9>E@A9<59 E@<9 D2@<@>6A ED60@J9G9 @ @:56E@<9 74 

6>6 11000 N. 
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!"#$%&'(")%!' '!*+,- .#%*'/+!0% 1#'0'-,% (Gp/Wb)  

)2345678 96:; 6<=7>:3 64567 5;8926?@35678= ABC6D; 9>9; = 4=782=D>E=:3 

<2=8=79; 5; C;832;C56: =?=E= ;E38;D>C>F; =7<=8=?;5; :3 5; 642;7C=F A42;?=F 

9>96?=F;20,99 = 23A>C8;8= 7> 73 9238;C= > 6<73B> 64 -44,5 46 -26,05 (F;G= D26: 

6A5;H;?; <6?6@5=:> ?2345678) >A A5;853 ?;2=:;E=:3 (> 42>B6: 78>4=:=, 5; <2=F32, 

963I=E=:358 ?;2=:;E=:3 :3 =A567=6 64,7%). J 5;K3F =782;L=?;G> 7234G; 

?2345678 > =7<=8=?;56: B2><= =A567=C; :3 <236<32;8=?56 4,67 ; <6786<32;8=?56 -

0,48. 12673H53 ?2345678= > 53B;8=?56: 965826C56: B2><= (A42;?= 9>96?=) 

=A567=C; :3 -1,02. 16K86 Gp/Wb > ;5;C=8=H96-B36F382=:796F 7F=7C> <23478;?@; 

5;B=D 8;5B3583 B2;4=:358; <2=8=79; 5; C;832;C56F 2>D> ;E38;D>C>F; (4;9C3 

82=B656F382=:79> ?3C=H=5>), 2;4= 4=239856B ><623M3G; :3 536<N6456 

82;57I62F=7;8= <64;893 > C=53;25> 79;C>. !;K= <64;E= A; A42;?3 9>96?3, F32353 

> ;46C37E35856F >A2;78>, 73 64 C=832;8>25=N 2;AC=9>:> (K86 8>F;H=F6 2;AC=9;F; 

> 96578=8>E=:= ;46C37E35;8; = 642;7C=N 676D;) ;C= = 4;@3 73 5;C;A3 >5>8;2 

6<73B; A42;?=N 9>96?;. 

J6H=C= 7F6 7;BC;75678 78;54;2456B 4=:;B5678=H96B 92=832=:>F; A; 

4=7<C;A=:> ABC6D; 9>9; (O+ >B;6 F;G= 64 25 783<35=) 7; D=6F3N;5=H9=F 

92=832=:>F6F (Gp/Wb>0) <234C6L35=F 64 782;53 16F<3; = 7;2;45=9;99. "4567 

?2345678= 6?; 4?; <;2;F382; > =7<=8=?;56: B2><= <2=9;A;5 :3 5; .2;I=965> 2. 

.2;I=965 2. "4567 O+ >BC; = Gp/Wb > =7<=8=?;56: B2><=- F323G3 1 
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!"#$%&'(")*" %+%*', ,-#.,-/*% #.,%#,#$"0% *'-1"2% 

!" #"$%&'( )* +#),+#('- ),+-)+).&/- '"#%&0-, (+&0"/ 1"20)3- 

4-#&"0-+"5(%"#2- ),+-)+).&/-58 *),"*" /- )4,-62) 5&).-7"2&8'& &,+#"6&3"2. 9" 

4#&.-#, .-#-:-. 2" '%&2&8'). ."+-#&/"%( & 4)+). 4#&.-2). "2"%&$- ')2"82&7 

-%-.-2"+", ."',&."%2& 4#&+&,"' 2" "0-+"5(%"#2( 7#,'"3&0( ')* *&,4%",+&82&7 

'(')3" /- &$2),&) 3,6+/-1,7 MPa a ;&5-#<)3 => (<") )* 9,8+/-7,83. ?3- 3#-*2),+& 

,( ,.":-2- 2" 4#),-82) 2,0+/-0,57 MPa ()*2),2) $" 35,8% ), " => (<") /- 4)3-@"2 

$" 4#),-82) $" 84,3%. & 4#),-82) /- &$2),&) 30,9+/-8,05 ,+-4-2&169. 9"A '%&2&8'& 

."+-#&/"% ( &,4&+&3"2)/ <#(4& /- 4#),-82) 5&) $" +#-@&2( .":- *&,4%",+&8"2, & 

(4)%" .":-< ."',&."%2)< 4#&+&,'". 9"')2 )4-#"0&/- +#),+#('- ),+-)+).&/- 

&$.-#-2- 3#-*2),+& ,( & *"B- 5&%- $2"+2) 4)3)B2&/- 2-<) A+) *#(<& "(+)#& 

2"')2 1"20)3- ),+-)+).&/- 2"3)*-: => (<") &$2),& 33,45 ,+-4-2& " Pmax /- 5&) 

0,91 MPa.  

C#."2 & ,"# (2005) ,( (,+"2)3&%& *" ,- 2"')2 ),+-)+).&/- 2),-@" 4)3#A&2" 

2- .-:" $2"8"/2), "%& *" ,- 3-'+)# ."',&."%2)< 4#&+&,'" 4#-.-,+&) ( 4)3)B2&/& 

4)%)6"/82. D-5B&2" 7#,'"3&0- ( '#"+')#)82)/ 4#),4-'+&32)/ ,+(*&/& E-%-25(#<" 

& ,"#. (2010) ,- +)'). 2,5 <)*&2" 2"')2 4-#&"0-+"5(%"#2- ),+-)+).&/- 2&/- 

$2"8"/2) 4#).-2&%"183. F ."+-."+&8'). .)*-%( ')/& ,.) .& 4#&.-2&%&, )3). 

4"#".-+#( )*<)3"#" G-pol 4"#".-+"# & )2 ,- ,+"+&,+&8'& 3&,)') $2"8"/2) 

4#).-2&): ," 4#-)4-#"+&32&7 43,44+/-13,55 ,+-4-2& 2" ,3-<" 15,85 ,+-4-2& 2"')2 

)4-#"0&/-. 

1-2*" & ,"#. (1995) ,( (+3#*&%& *" /- (+&0"/ ;&5-#<)3)< => (<%" 2" 3#-*2),+ 

."',&."%2- ,&%- 4#&+&,'" ( $<%)5( $"2-."#B&3" $" (<%)3- 4#-') 20 ,+-4-2&184. 

E-H(+&., *#(<& &,+#"6&3"8& 2&,( (,4-%& *" 4)'"6( *" 4),+)4-#"+&32) 

(,4),+"3B":- 2)#."%2&7 3#-*2),+& ;&5-#<)3)< => (<%" #-,+&+(&A- & 3#-*2),+& 

."',&."%2)< 4#&+&,'" 2" )2- &$.-#-2- ')* $*#"3&7 '(')3", & '") #"$%)< 2"3)*- 

4)#-.-@"/ ')2<#(-20&/-, ')/& ,- 4-#&"0-+"5(%"#2). ),+-)+).&/). 2- .)6- 

4)4#"3&+&82. F 2"A-. ."+-#&/"%(, "2"%&$&#"/(@& +#& ,('0-,&32" .-#-:" 

3#-.-2,'& (*"B-2" 4#),-82) 4#&5%&62) 3,5 <)*&2", (,+"2)3&%& ,.) *" => (<") 

),+"/- (3-@"/, +- *" ,- 4#&+&,"' )*#6"3" 2" ),+3"#-2). 2&,'). 2&3)(, (4#'), 

+).- A+) +-%-,2" +-6&2" ')2,+"2+2) #",+-.  
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!" #$%&'()%*+," -%".",%$ (/+.) %" 0)1+.+%( 2"#3+2"1%$& 4'+/+3#" 4$#"-(,( 

+ +3/'"5+0"6" '"7)%" %" 4"*+,)%/+2" $8$1)1+2 $9 :)&-;"10)-<)'/)3$0) 8$1)3/+, 

&9) 3( <"'# + 3"'. 9$8+1+ ')-(1/"/) ( $43)&( $9 2,3-6,5 MPa85. =">) +3/'"5+0"6) 

%+,) 2$&1$ 4$/0'9+/+ $0) %"0$9), 0)'$0"/%$ -8$& /$&" >/$ 2"/)2"/+.#+ 2$9)1 

#$,+ 32$ #$'+3/+1+ 2$'" 9" 3) 4$3)8%$ 2$9+?+#(,) 9" 8+ 0"1+9%$ 4'$'".(%"0"$ 

0')9%$3/+ #$9 %)3?)'+.%) &1"0) ?)2('".  

@8+2 4$#')/" ( $4)'+3"%$2 -&1$8( #(#" ( %">$, 3/(9+,+ ,) 8)- #1+%+.#+ 

-%".",%+A 4'$2)%" ( $9%$3( %" 4')$4)'"/+0%$ 3/"6). ;0"1+/)/ 4$#')/" 4'+ A$9( 

+ ?(%#*+," "89(#/$'%) 2(3#(1"/(') -%".",%$ 3( 4$8$B>"%+: %"#$% $4)'"*+,) 

A'"2",(C+ A$9 32"6)% ,) /'$3/'(#$, " &)&"6) .)/+'+ 4(/" (3" 4')$4)'"/+0%+A 

23,9% %" 30)&" 5,6%). D"1+9%$3/ $0+A 4$9"/"#" $&1)9" 3) ( %"0$9+2" ;"'"2" + 

3"'., #$,+ 3( 4$#"-"1+ 9" 3) 2)'B+0+ 4"'"2)/'+ %$'2"1%$& A$9" (9(5+%" #$'"#", 

#"9)%*", 8'-+%" A$9" + 4'$*)%"/ 0')2)%3#$& +%/)'0"1" /'","6" ,)9%$%$5%$& 

$31$%*" ( *+#1(3( #$'"#") %"#$% 4'+2)%) $3/)$/$2+,) #"'1+*) 4$4'"0B",( %" 

?+-+$1$>#+ %+0$ %"#$% 4'+81+5%$ &$9+%( 9"%"95. <'$3).%+ +%/)'0"1 +-2)7( 

4')$4)'"/+0%$& + -"0'>%$& %"1"-" ( %">)2 +3/'"5+0"6( ,) $%$ 3,5 &$9+%", /"#$ 

9" 3( 4$9"*+ $ 4$3/$4)'"/+0%$2 ?(%#*+$%"1%$2 3/"/(3( $31$8$7)%+ (/+*"," 

4'$*)3" $4)'"*+,) + ')A"8+1+/"*+,), $9%$3%$ 0"1+9%$ (4$')9+0+ 3" 

4')$4)'"/+0%+2. 

E'$3/'(#" $3/)$/$2+," %) 9$0$9+ 9$ -%".",%$& 4$2)'"," *)%/'" '$/"*+,) 

-&1$8" #(#" 9(5 0)'/+#"1%) $3). @0( /)$'+,3#( 4')/4$3/"0#( %">) +3/'"5+0"6) 

4$/#')4B(,) #'$- 4')$4)'"/+0%+ $9%$3 9(5+%" %$&(, #$,+ 3) %+,) -%".",%$ 

4'$2)%+$ %"#$% $4)'"*+,). F2"/'"2$ 9" -"A0"B(,(C+ /$2) ( %">$, 3/(9+,+ %) 

3"2$ 9" %+,) (3/"%$0B)%$ 4$0)C"6) %$'2"1+-$0"%) ')-(1/"%/%) 3+1) 2+>+C%) 

3+1) %"#$% $4)'"*+,), 0)C ,) $%" 32"6)%" -" $#$ 3% (- 0+3$#( 3/"/+3/+.#( 

-%".",%$3/. <$')7)6" '"9+, 9+3/"1+-"*+," *)%/'" '$/"*+,) -&1$8" #(#" #$," 3) 

9)>"0" 4'+ F"1/)'$0$, $3/)$/$2+,+ #"'1+*) 9$0$9+ 9$ 4$0)C"%) /)%-+,) 

+1+$43$"3" $9 4% (-8$& .)&" 3) '"9+ /)%$/$2+,") + &1(/)(3 2)9+,(3" -" 6%185. 
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!"#$%&'%()% *+&',"% "#-./'+'+ /#0#1+ 

!"#$% % &'()*+ (2002) ,* *-.%/% 0#% 1#'2%+0%34" $"+0-#" /-('5 

#'6*/0"0" +-2 1'#%"7'0"8*/"#4' -,0'-0-)%9': 0- ,* 1#%,*,03- 2'5'4'#"0%34%: 

1#-)'4" "7'0"8*/*)" *,/'2 +",4- %42%+-3"4-5 -1'#"0%34-5 /'.';", ",$'#%.4-,0 

5/"3' $')*#" % )"/% 1-,0-1'#"0%34% <%8'#5-3 => *5"-, 8'6 -86%#" 4" 

1#'-1'#"0%34' ;'5-3' 3#'24-,0%144. ?6#",0, 0'/',4" 0'@%4", 3'/%.%4" 2%,1/"6%9' 

4%,* 1-+"6"/% ,0"0%,0%.+% 64"."94* 1#'2%+0%34* 3#'24-,0. ? ;%:-3-) 

%,0#"@%3";* 4%,* %,1%0%3"4% 8%-)':"4%.+% 1"#")'0#% ,%/' % 1#%0%,+" * 65/-8* 

+*+". A"(" 6"1"@";" 1-03#B*9* 9",4* 1#'2%+0%34* 3#'24-,0 => *5/" % 0- 23-9"+*: 

3%,-+- ,0"0%,0%.+% 64"."94* 6" 1-,0-1'#"0%34% "4"0-),+% %,:-2, " 4" 5#"4%7% 

64"."94-,0% *6 1#'-1'#"0%34% +3"/%0'0 :-2" 6" $*4+7%-4"/4% %,:-2. 

!"3.%. % ,"#. (2008) ,* *,0"4-3%/% 2" => *5"- %)" 1#'2%+0%34* 3#'24-,0 6" 

1-9"3* +-+,"#0#-6' ,")- +-2 8/"5' 2%,1/"6%9', "/% 2" 9' 8-C% 1#'2%+0%34% $"+0-# 

-2#'B%3";' +*)*/"0%34-5 )"+,%)"/4-5 1#%0%,+" 4" "7'0"8*/"#4* :#,+"3%7*93,186. 

? 4"(') %,0#"@%3";* 3'-)" 8/%6* 5#"4%7' ,0"0%,0%.+' 64"."94-,0% (6" 

"4"0-),+% %,:-2) ,* 23" 1#'-1'#"0%34" 1"#")'0#" (1-/*1#'.4%+ #-0"7%9' 65/-8" 

+*+" % 4-#)"/%6-3"4" #'6*/0"404" ,%/" * 65/-8*) (0- 9' 6"0'.'4- ,0";' 4" 

1#'6'40"7%9% 1"7%9'40", "/% % 9'2"4 1-,0-1'#"0%34% 1"#")'0"#- 1-,0-1'#"0%34% 

4-#)"/%6-3"4% %42'+, 5#"2%9'40" 1#%0%,+" (Gp/Wb), 2-+ ;'5-3" 1#'-1'#"0%34- 

%6)'#'4" 3#'24-,0 4%9' 1-+"6"/" 64"."9"4 1#'2%+0-#4% 1-0'47%9"/ 6" "4"0-),+% 

%/% $*4+7%-4"/4% 6"3#(4% %,:-2. D3"9 3"@"4 4"/"6 1-03#B*9' 6"1"@";" % ,")%: 

"*0-#" )"0')"0%.+-5 )-2'/"99, +-9% ,* *03#2%/% 2" 9' Gp/Wb 1#-1-#7%-4"/"4 

+"+- ,0'1'4* 2%,1/"6%9' 65/-8" +*+", 0%)' % 2'5'4'#"0%34%: -(0'E';" )'#'4%: 

F'#%,-3%) ,+-#-) 6" +*+ (Harris hip score)187. A"%)', ,)"0#")- 2" 1#'-1'#"0%34- 

%6)'#'4% Gp/Wb 4%9' ,0"0%,0%.+% 1-3'6"4 ," *2"C'4%) %,:-2-), %"+- 1-+"6*9' 

4'1-3-C4' 8%-)':"4%.+' *,/-3' (1#-,'.4- 9' %64-,%- 4,67), 6":3"C*9*E% 

4'2-3-C4- 2*5-9 +*)*/"0%34-9 '+,1-6%7%9% +-2 4"(%: #'/"0%34- )/"2%: 

1"7%9'4"0". D4% %)"9* 8-/4' 0'5-8' % 1-#')'E'4 :-2, "/% %42%+"7%-4% *,/-3% 6" 

0#-,0#*+* -,0'-0-)%9* %,+C*.*9* -4' 1"7%9'40' +-2 +-9%: ,* 2'5'4'#"0%34' 

1#-)'4' 3'E 3%2C%3'. ?6'3(% * -86%# 2" ,' -1'#"7%9-) -3"9 1"#")'0"# 64"."94- 

1-8-C("3" (1-,0-1'#"0%34" 1#-,'.4" 3#'24-,0 Gp/Wb je -0,48 p<0,01), 1-6%0%3"4 

*0%7"9 4" 3'#-3"04-E* 1-3-C4-5 %,:-2" 9' -.'+%3"4, " 4-#)"/%6-3"4% %42'+, 
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!"#$%&'()# *"%)%+,# (# -#)'"#-(.& %/%0% #0')#12-23# &' +4/#5'( ,#. ',+*-#(#)." 

'6',)# .*'"#)%/(' "'."%&'()#0%&' #0')#12-23# (# 7#/"8(% %+4.$ -'9':#. ;/. &' 

/'.3# 7(#9#&(. &'" *"2<# 3.!25(.+) $# +' *"'0%7(. %+*-#(%"# .*)%3#-(# 

"'."%&'()#0%&# #0')#12-23#, )%3' % *.1.=8# 7#/"8(% (#-#7 % .1'71'$% 

*./.=(%&% %+4.$ .*'"#)%/(.! -'9':#. ;!"#(%9#/#&25% 6#,)." 2 %+*%)%/#:2 

*"'$%,)."(.! '6',)# &' 3#-% 1".& %+*%)#(%4 +-29#&'/#, $%&#!(.+)%9,# 

4')'".!'(.+) ,#. % "'-#)%/(. ,"#),. *".+'9(. *"#5':' .$ .,. )"% % *. !.$%('.  

># ,"#&2, *."'$ /#<(.+)% .$"'?%/#:# % *"#5':# *"'$%,)."(%%4 6#,)."# 7# 

%+4.$ )".+)"2,' .+)'.).3%&', % +#3# )".+)"2,# .+)'.).3%&# +' 3.<' *.+3#)"#)% 

,#. *"'$%,)."(% 6#,)." 2 $#=.& '/.-20%&% )'!.1# % )'"#*%&+,%4 3.!25(.+)%. 

@#$# &' 2 *%)#:2 2)%0#& %73':'(%4 1%.3'4#(%9,%4 .$(.+# (#,.( .*'"#0%&' 

)".+)"2,' .+)'.).3%&' ,#"-%0', (# 3.!25(.+)% (#,(#$(.! #-.#")".*-#+)%9(.! 

-'9':#, 3%8=':# +2 *.$'='(#: &'$(% #2)."% +3#)"#&2 $# &' 2!"#$:# ).)#-(' 

*".)'7' )#$# .)'<#(#188, $., $"2!% +3#)"#&2 $# &' )%3' #-.#")".*-#+)%,# 2+)/#"% 

.-#,8#(#189. A (#8.& +"'$%(% (%&' 1%-. )#,/%4 +-29#&'/#, 8). 2 +/')-2 

/%8'$'0'(%&+,' *"%3'(' )".+)"2,' .+)'.).3%&' ,#"-%0' *"'$+)#/=# *.+"'$(% 

%($%,#)." :'(%4 *./.=(%4 "'72-)#)#. 
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!"#$%&"# 

!"#$%&'( )*&%)*+,( &%)"&)&-$.( ,(*/$0" '"&-( 1&+23(# $ "4$,(%(# 

1&%)+1(, 2( %('/(3('(5" (0")(6+/(*#" 3$%1/(2$." $ #"1&3+3(*#&%)$ 27/&6#$8 

1&'*9$#( + 27/&6+ ,+,( ,&3 6&/"%#$,( (3&/"%0"#)#&7 +2*(%)(. :4",() )*&%)*+," 

&%)"&)&-$." ,(*/$0" + /";"5+ 1&*"-"<"#$8 6$&-"8(#$;,$8 &3#&%( ,(*/$0" $ 

1*&,%$-(/#&7 4"-+*( &-&7+<"# ." 3&'&=#&- -&6$/#&9<+ (0")(6+/(*#&7 

4*(7-"#)( 1*$ $#)*(&1"*()$'#&. *"&*$."#)(0$.$ (9)& &6"26">+." 1&'"<(5" 

#&%"<+ 1&'*9$#+ + (#)"*&/()"*(/#&- 3"/+ 27/&6() 6"2 2#(;(.#" 1*&-"#" 

'"*)$,(/#" 1&2$0$." 0"#)*( *&)(0$." 27/&6( + &3#&%+ #( )*+1 (&3#&%#& 6"2 

1*&-"#" + 3+?$#$ &1"*$%(#&7 ",%)*"-$)")().  

@( )(. #(;$# %" &6"26">+." 1&%)$2(5" 1&'&=#$." 3$%)*$6+0$." %$/" 

1*$)$%,( #( (0")(6+/(*#+ 8*%,('$0+, $ &6"26">+." 3&6(* $%8&3 /";"5(- 

1*"'"#0$.( 3"7"#"*()$'#&7 &9)"<"5( 27/&6( $ 1&)1+#$ 4+#,0$&#(/#$ &1&*('(,.  

A*$-"#( -()"-()$;,&7 -&3"/&'(5( 27/&6( ,+,( 2#(;(.#& 3&1*$#&%$ 

*(2+-"'(5+ +2*&,( $ -"8(#$2(-( #(%)(#,( -#&7$8 %)*+,)+*#$8 $ 4+#,0$&#(/#$8 

1&*"-"<(.( 27/&6( ,+,(. A&*"3 )"&*$.%," #(+;#" '*"3#&%)$, 1&%)&.$ $ "-1$*$.%,(, 

,/$#$;,( 1*$-"#(: -&7+<" ." 1*&*(;+#()$ '(?#" 6$&-"8(#$;," 1(*(-")*" ,&.$ 

&1$%+.+ -"8(#$;,& &1)"*"<"5" 8*%,('$0" (9)& ." &3 1*"%+3#&7 +)$0(.( #( *(2'&. 

,&,%(*)*&2"), $ $-(.+ '"/$,$ 3$.(7#&%)$;,$ 2#(;(..  

!*&3$-"#2$&#(/$ -()"-()$;,$ -&3"/ 27/&6( ,+,( 2(%#&'(# #( *(3$&7*(-+ 

,(*/$0" %( ,+,&'$-(, *(2'$."# &3 %)*(#" B7/$;( $ %(*(3#$,( $ 1*$-"5"# + &'&- 

$%)*(?$'(5+, ." ."3#&%)('(# 2( +1&)*"6+, #"$#'(2$'(# $ '(/$3(# + 1*$-"#$ #( 

,/$#$;,&- -()"*$.(/+. C# &-&7+<('( 1*&*(;+# -(,%$-(/#&7 1*$)$%,( #( 27/&6#" 

1&'*9$#" (Pmax), #&*-(/$2&'(#" *"2+/)(#)#" %$/" + 27/&6+ ,+,( (R/Wb) $ 

#&*-(/$2&'(#&7 $#3",%( 7*(3$."#)( 1*$)$%,( #( /()"*(/#&. $'$0$ (0")(6+/+-( 

(Gp/Wb), 1(*(-")(*( ,&.$ $-(.+ 1*"3$,)$'#+ '*"3#&%) 2( $%8&3 /";"5(, 1*$ ;"-+ 

,&*$9<"5" #&*-(/$2(0$." 1(*(-")(*( 1*"-( )"/"%#&. )"?$#$ &-&7+<('( 

+1&*">"5" 1(0$."#()( *(2/$;$)" ,&#%)$)+0$.". 

D1&)*"6( *(2'$."#$8 -()"-()$;,$8 -&3"/( %" + &*)&1"3%,&. 1*(,%$ 1&,(2+." 

,(& '(/$3#( $ ,&*$%#( + 3$.(7#&%)$0$, 1*"&1"*()$'#&. 1*$1*"-$ $ 

1&%)&1"*()$'#&- 1*(<"5+ *"2+/)()( /";"5(, +2 1&%/"3$;#& +#(1*">"5" ,'(/$)")( 



 65 

! "#$%!&'()*! +,!'!-+(. #/0/, / */+(1$ ! "#(2!#$3$ '/4-'(!)*#/5!6/-+!7 

/+*!6'()*!. 

8*(9$:! '/ #/;$'!;/ '/2!7 %$3$'!7 "#$*7(0'!+/ - "!('!#/ 4'!6$#&/,'$ 

"#$6$'%!9$ ! #/'(. ,$-$3/ #/&6(9'(. "(#$;$:/9/ +4+/, ! '/)*/6</94:! 3!7(6$ 

'/"(#$ 4 )4&=!9/34 /%$*/=4,/#'$ 0!)",/&!9$, "#$0,/5$;( +/( 0/<! "#/6/% 

!)*#/5!6/3/ "#!;$'4 ;/*$;/*!-+(. ;(0$,/ &.,(=/ +4+/ 4 %!<4 "#/:$3/ 

=!(;$7/'!-+!7 "/#/;$*/#/ ! "/%!9$'/*/ ! &0#/6!7 ()(=/, $6/,4/%!9$ )/0/23!7 

(=,!+/ ,$-$3/ &.,(=/ +4+/ ! "(0#2+$ 3!7(6(; 4'/"#$1$34. 



 66 

!"#$%&#'%&  

1. Mija! M, Blagoti" M, Djordjevi" Lj, Teofilovski-Parapid G. Anatomija !oveka 

Osteologija. Beograd: Savremena administracija; 2001. 

2. Mrvaljevi" D. Anatomija donjeg ekstremiteta. Beograd: Savremena 

administracija; 2002. 

3. Grant BC. Grant’s atlas of anatomy. Baltimore: Williams & Wilkins; 1972. 

4. Floyd TR., Thompson WC. Manual of Structural Kinesiology. McGraw-Hill 

Higher Education; 1998. 

5. Pomers KS, Homler TE. Exercise Physiology. WBC McGraw-Hill; 1996. 

6. Milisavljevi" M. et al. Klini!ka anatomija. Beograd: Nauka; 1996. 

7. Zec #. Osnovi kineziologije. Beograd: Vi$a medicinska $kola; 1984. 

8. Zec #., Konforti N. Ispitivanje snage mi$i"a-manuelna metoda. Beograd: Vi$a 

medicinska $kola; 1990. 

9. Majki" M. Klini!ka kineziometrija. Zagreb: Tiskarna Kurir; 1989. 

10. Hall JS. Basic Biomechanics. WCB McGraw-Hill; 1995. 

11. Strayer LM Jr: Embryology of the human hip joint. Clin Orthop 1971; 74:221. 

12. Ortolani M. The classic. Congenital hip dysplasia in the light of early and very 

early diagnosis. Clin Orthop 1976; 119:6-10. 

13. Ponseti IV. Growth and development of the acetabulum in the normal child. J 

Bone Joint Surg 1978; 60-A:575-85. 

14. Harris N. Acetabular growth potential in congenital dislocation of the hip and 

some factors upon which it may depend. Clin Orthop 1976; 119:99-106. 

15. Slavkovi" S, Slavkovi" N. Adolescentni kuk. Beograd: JP PTT saobra"aja Srbija; 

2004. 

16. Gillingham B, Sanchez A, Wenger D. Pelvic osteotomies for tne treatment of hip 

dysplasia in children and young adults. J Am Acad Orthop Surg 1999; 7:325-37. 

17. Hsin J, Saluja R, Eilert RE. Evaluation of the Biomechanics of the Hip following 

a Triple Osteotomy of the Innominate Bone. J Bone Joint Surg 1996; 78:855-62. 

18. Olney B, Latz K, Asher M. Treatment of Hip Dysplasia in Older Children With a 

Combined One-Stage Procedure. Clin Orthop 1998; 347:.215-23. 



 67 

19. Ohashi H, Hirohashi K, Yamano Y. Factors influencing the outcome of Chiari 

pelvic osteotomy: a long-term follow-up. J Bone Joint Surg Br 2000; 82(4):517-

25. 

20. Kralj-Igli! V,Dolinar D, Ivanovski M, List I, Daniel M. Role of Biomechanical 

Parameters in Hip Osteoarthritis and Avascular Necrosis of Femoral Head. In: 

Naik G (ed). Applied Biological Engineering – Principles and Practice. Rijeka: 

InTech, 2012; p. 347-64. 

21. Vuka"inovi# Z, Zaji# Lj, Vukadin O. Radiographic assessment of the hip by 

measurement of different angles and indices. Acta Orthop Iugosl 1997; 28:27-31. 

22. Troelsen $, Jacobsen S, Rømer L, Søballe K. Weightbearing Anteroposterior 

Pelvic Radiographs are Recommended in DDH Assessment. Clin Orthop Relat 

Res 2008; 466:813–9. 

23. Fujii M, Nakashima Y, Sato T, Akiyama M, Iwamoto Y. Acetabular Tilt 

Correlates with Acetabular Version and Coverage in Hip Dysplasia. Clin Orthop 

Relat Res 2012; DOI: 10.1007/s11999-012-2370-z. 

24. Trendelenburg F. Über den Gang bei angeborener Hüftgelenksluxation. Deutsche 

medicinische Wochenschrift 1895; 21:21-4. 

25. Albinana J, Dolan LA, Spratt KF, Morcuende J, Meyer MD, Weinstein SL. 

Acetabular dysplasia after treatment for developmental dysplasia of the hip. 

Implications for secondary procedures. J Bone Joint Surg Br 2004; 86(6):876-86. 

26. Sanchez-Sotelo J, Trousdale RT, Berry DJ, Cabanela ME. Surgical treatment of 

developmental dysplasia of the hip in adults: I. Nonarthroplasty options. J Am 

Acad Orthop Surg 2002; 10(5):321-33. 

27. Schulitz KP, Roggenland G. Triple osteotomy of the pelvis in dysplastic hip joints 

in children and adults. Z Orthop Ihre Grenzgeb 1991; 129(3):209-16. 

28. Vladimirov B. Periacetabular triple osteotomy of the pelvis. Acta Orthop Iugosl 

1997; 28(1):5-8. 

29. Peters CL, Fukushima BW, Park TK, Coleman SS, Dunn HK. Triple innominate 

osteotomy in young adults for the treatment of acetabular dysplasia: a 9-year 

follow-up study. Orthopedics 2001; 24(6):565-9. 

30. Høgh J, Macnicol MF. The Chiari pelvic osteotomy - a long-term review of 

clinical and radiographic results. J Bone Joint Surg Br 1987; 69(3):365-73. 



 68 

31. Wedge JH. Hip pain in adolescense. Clin Orthop 1987; 225:93-103. 

32. Salter RB, Hansson G, Thompson GH. Innominate osteotomy in the management 

of residual congenital subluxation of the hip in young adults. Clin Orthop 1984; 

182:53-68. 

33. Wedge JH, Wasylenko MJ. The natural history of congenital disease of the hip. J 

Bone Joint Surg 1979; 61-B:334-8. 

34. Ezoe M, Naito M, Asayama I. Muscle Strength Improves after Abductor-sparing 

Periacetabular Osteotomy. Clin Orthop Relat Res 2006; 444:161-8. 

35. Ishida A, Kuwajima SS, Laredo Filho J, Milani C. Salter Innominate Osteotomy 

in the Treatment of Severe Legg-Calvé-Perthes Disease. J Pediatr Orthop 2004; 

24(3):257-64. 

36. Geva H, Bialik V, Dimeglio A, Garinkol S. Concepts about prevention as defined 

by members of the European Pediatric Orthopaedic Society. J Pediatr Orthop Part 

B 1993; 2:104-7. 

37. Tonnis D. Tretment of residual dysplasia after developmental dysplasia of the hip 

as a prevention of early coxarthrosis. J Pediatr Orthop Part B 1993; 2:133-44. 

38. Scott JT, Keith AM, Jeffrey WM. The Periacetabular Osteotomy: Minimum 2 

Year Followup in More Than 100 Hips. Clin Orthop 1999; 363:54-63. 

39. McCarthy JJ, Fox JS, Gurd AR. Innominate Osteotomy in Adolescents and Adults 

Who Have Acetabular Dysplasia. J Bone Joint Surg 1996; 78:1455-61. 

40. Kuwajima SS, Crawford AH, Ishida A, Roy DR, Filho JL, Milani C. Comparison 

Between Salter's Innominate Osteotomy and Augmented Acetabuloplasty in the 

Treatment of Patients with Severe Legg-Calvé-Perthes Disease. J Pediatr Orthop 

B 2002; 11(1):15-28. 

41. Chiari K. Iliac osteotomy in young adults. In: The hip. Prodeedings of the Hip 

Society. St. Louis: CV Mosby; 1979:260-77. 

42. Lack W, Windhager R, Kutschera HP, Engel A. Chiari pelvic osteotomy for 

osteoarthritis secondary to hip dysplasia. J Bone Joint Surg 1991; 73-B:229-33. 

43. Migaud H, Duquennoy A, Gourgeon F, Fontaine C, Pasquier G. Outcome of 

chiari pelvic osteotomy in adults- 90 hips wuth 2-15 years' follow-up. Acta 

Orthop Scand 1995; 66:127-31. 



 69 

44. Reddy R, Morin C: Chiari osteotomy in Legg–Calvé–Perthes disease. J Pediatr 

Orthop B 2005; 14(1):1-9. 

45. Salter RB. Innominate Osteotomy in the Treatment of Congenital Dislocation and 

Subluxation of the Hip. J Bone Joint Surg 1961; 43-B(3):518-39. 

46. Dogan M, Bozkurt M, Sesen H, Yildirim H. One-stage treatment of congenital 

severely dislocated hips in older children through various acetabuloplasty 

techniques 22 children followed for 1-5 years. Acta Orthop 2005; 76(2):212-9. 

47. Chaker M, Picault C, Kohler R. Resultats à long terme du traitement de la 

dysplasie résiduelle de hanche par ostéotomie de salter (édure d’une série de 31 

cas). Acta Orthop Belg 2001; 67(1):6-18. 

48. Dagher F, Ghanem I, Abiad R , Haykal G , Kharrat K , Phares A. Bernese 

periacetabular osteogomy for the treatment of the degenerative dyspasic hip. Rev 

Chir Orthop Reparatrice Appar Mot 2003; 89:125-33. 

49. Milani C, Ishida A, Laredo Fj, Napoli MM, Kuwajima SS, Dobashi ET, Adames 

MK. Avaliação do índice de necrose avascular na luxação congênita do quadril 

inveterada pelo encurtamento femoral e acetabuloplastia de Salter modificada. 

Rev Bras Ortop 1996; 31(1):67-74. 

50. Chiari K. Ergebnisse mit der Beckenosteotomie als Pfannendachplastik. Z Orthop 

Ihre Grenzgeb 1955; 87:14 -26. 

51. Yanagimoto S, Hotta H, Izumida R, Sakamaki T. Long term Results of Chiari 

Pelvic Osteotomy in patients with Developmental Dysplasia of the Hip. J Orthop 

Sci 2005; 10(6):557-63. 

52. Betz RR, Kumar SJ, Palmer CT, MasEwen D. Chiari pelvic osteotomy in children 

and young adults. J Bone Joint Surg 1988; 70-A:182-9. 

53. Hulet C, Schiltz D , Vielpeau C, Richter D, Aubrio JH. Treatment of osteoarthritis 

of the hip joint in young adults by Chiari pelvic osteotomy: mid-term clinical and 

radiographic results. Rev Chir Orthop Reparatrice Appar Mot 1998; 84(1):41-50. 

54. Ishida A, Kuwajima SS, Laredo Filho J, Milani C. Osteotomia de Chiari na 

doença de Perthes. Rev Bras Ortop 1998; 33(1):1-7. 

55. Gotoh E, Inao S, Okamoto T, Ando M. Valgus-extension osteotomy for advanced 

osteoarthritis in dysplastic hips. J Bone Joint Surg Br 1997; 79-B(4):609-15. 



 70 

56. de Kleuver M, Kooijman MA, Pavlov PW, Veth RP. Triple osteotomy of the 

pelvis for acetabular dysplasia. J Bone Joint Surg Br 1997; 79(2):225-9. 

57. Rush J. Chiari osteotomy in the adult - a long-term follow-up study. Aust N Z J 

Surg 1991; 61(10):761-4. 

58. Sanchez-Sotelo J, Trousdale RT, Berry DJ, Cabanela ME. Surgical Treatment of 

Developmental Dysplasia of the Hip in Adults: I. Nonarthroplasty Options. J Am 

Acad Orthop Surg 2002; 10:321-33. 

59. Van Hellemondt GG, Sonneveld H, Schreuder E, Kooijman P, de Kleuver M. 

Triple osteotomy of the pelvis for acetabular dysplasia. Results at a mean follow-

up of 15 years. J Bone Joint Surg Br 2005; 87-B(7):911-5. 

60. Eren A, Ömeroglu H, Güven M, Ugutmen E, Altintas F. Incomplete triple pelvic 

osteotomy for the surgical treatment of dysplasia of the hip in adolescents and 

adults. J Bone Joint Surg Br 2005; 87-B(6):790-5. 

61. Tonnis D, Behrens K, Tscharani F. A modified technique of the triple pelvic 

osteotomy: early results. J Pediatr Orthop 1981; 1(3):241-9. 

62. Tonnis D, Arning A, Bloch M, Heinecke A, Kalchschmidt K. Triple pelvic 

osteotomy. J Pediatr Orthop Part B 1994; 3(1):54-67. 

63. Vuka!inovi" Z, Zaji" Lj, Slavkovi" S, Vukadin O, Mili#kovi" S. Triple pelvic 

osteotomy, first experience in Yugoslavia. Magyar Traumatologia, Ortopedia, 

Kezsebeszet, Plasztikai Sebeszet 1999; 2:116-9. 

64. Vuka!inovi" Z, Spasovski D, $obelji" G: Trostruka osteotomija karlice u na!oj 

sredini – osam godina kasnije. Acta Chir Iugosl 2005; 52:55-9. 

65. Vuka!inovi" Z, Spasovski D, %ivkovi" Z, Slavkovi" N, Cerovi" S. Triple pelvic 

osteotomy in the treatment of hip dysplasia. Srp Arh Celok Lek 2009; 137(5-

6):239-48. 

66. Vuka!inovi" Z, Pelilllo F, Spasovski D, &e!lija I, %ivkovi" Z, Matanovi" D: 

Triple pelvic osteotomy for the treatment of residual hip dysplasia – Analysis of 

complications. Hip International 2009; 19:315–22. 

67. Kirschner S, Raab P, Wild A, Krauspe R. Clinical and radiological short- and 

mid-term results of triple pelvic osteotomy according to Tönnis in adolescents and 

adults. Z Orthop Ihre Grenzgeb 2002; 140: 523-6. 



 71 

68. Davey JP, Santore RF. Complications of periacetabular osteotomy. Clin Orthop 

1999; (363):33-7. 

69. Hueter C. Anatomische Studien an den Extremitätengelenken Neugeborener und 

Erwachsener. Virchows Archiv für pathologische Anatomie und Physiologie 

1862; 25:572. 

70. Greenwald AS, O’Connor JJ. The transmission of load through human hip joint. J 

Biomech 1971; 4:507–28. 

71. Legal H, Ruder H. Zur biostatischen Analyse des hüft-gelenks. Z Orthop Ihre 

Grenzgeb 1977; 115(2):215-34. 

72. Frost H. Joint anatomy, design, and arthroses: insights of the Utah paradigm. Anat 

Rec 1999; 255:162–74. 

73. Bergmann G, Graichen F, Rohlmann A, Bender A, Heinlein B, Duda GN, Heller 

MO, Morlock MM. Realistic loads for testing hip implants. Biomed Mater Eng 

2010; 20(2):65-75. 

74. von Eisenhart-Rothe R, Witte H, Steinlechner M, Müller-Gerbl M, Putz R, 

Eckstein F. Quantitative Bestimmung der Druckverteilung im Hüftgelenk 

während des Gangzyklus. Unfallchirurg 1999; 102(8):625-31. 

75. Sparks DR, Beason DP, Etheridge BS, Alonso JE, Eberhardt AW. Contact 

pressures in the flexed hip joint during lateral trochanteric loading. J Orthop Res 

2005; 23(2):359-66. 

76. Dennison CR, Wild PM, Wilson DR, Gilbart, MK. An in-fiber Bragg grating 

sensor for contact force and stress measurements in articular joints. Meas Sci 

Technol 2010; 21(11):115803. 

77. Troy KL, Brown TD, Conzemius MG. Contact stress distributions on the femoral 

head of the emu (Dromaius Novaehollandiae). J Biomech 2009; 42(15): 2495–

500. 

78. Hamacher P, Rösler H: Die Berechnung von Grosse und Richtung der 

Hüftgelenksresultierenden im Einzelfall. Arch Orthop Trauma Surg 1971;70: 26-

35. 

79. Ipavec M, Brand RA, Pedersen DR, Mav!i! B, Kralj-Igli! V, Igli! A. 

Mathematical modelling of stress in the hip during gait. J Biomech 1999; 

32:1229–35. 



 72 

80. Wang XS, Jiang FC, Jian MA, Hou XP. The Peak Stress, Weigh Beared Area And 

Stress Distributions At Human Hip Joint. Biomed Eng Appl Basis Comm 2006; 

18: 19-23. 

81. Henderson ER, Marulanda GA, Cheong D, Temple HT, Letson GD. Hip abductor 

moment arm - a mathematical analysis for proximal femoral replacement. J 

Orthop Surg Res 2011; 6:6. 

82. Armand M, Lepistö J, Tallroth K, Elias J, Chao E. Outcome of periacetabular 

osteotomy: joint contact pressure calculation using standing AP radiographs, 12 

patients followed for average 2 years. Acta Orthop 2005; 76(3):303-13. 

83. Bachtar F, Chen X, Hisada T. Finite element contact analysis of the hip joint. Med 

Biol Eng Comput 2006; 44:643–51. 

84. Anderson AE, Ellis BJ, Maas SA, Peters CL, Weiss JA. Validation of Finite 

Element Predictions of Cartilage Contact Pressure in the Human Hip Joint. J 

Biomech Eng 2008; 130(5): 051008. 

85. Park WM, Kim YH, Kim K, Oh TY. Non-destructive Biomechanical Analysis to 

Evaluate Surgical Planning for Hip Joint Diseases. Int J Precision Eng Manufact 

2009; 10(3):127-31. 

86. Anderson AE, Ellis BJ, Maas SA, Weiss JA. Effects of idealized joint geometry 

on finite element predictions of cartilage contact stresses in the hip. J Biomech 

2010; 43(7):1351–7. 

87. Zhao X, Chosa E, Totoribe K, Deng G. Effect of periacetabular osteotomy for 

acetabular dysplasia clarified by three-dimensional finite element analysis. J 

Orthop Sci 2010; 15:632–40. 

88. Henak CR, Ellis BJ, Harris MD, Anderson AE, Peters CL, Weiss JA. Role of the 

acetabular labrum in load support across the hip joint. J Biomech 2011; 

44(12):2201-6. 

89. Harris MD, Anderson AE, Henak CR, Ellis BJ, Peters CL, Weiss JA. Finite 

element prediction of cartilage contact stresses in normal human hips. J Orthop 

Res. 2012; 30(7):1133-9. 

90. Hadley NA, Brown TD, Weinstein SL. The effects of contact stress pressure 

elevations and aseptic necrosis in the long-term outcome of congenital hip 

dislocation. J Orthop Res 1990; 8:504–13. 



 73 

91. Mav!i! B, Pompe B, Antoli! V, Daniel M, Igli! A, Kralj-Igli! V. Mathematical 

estimation of stress distribution in normal and dysplastic human hip. J Orthop Res 

2002; 20:1025–30. 

92. Genda E, Iwasaki N, Li G, MacWiliams BA, Barrance PJ, Chao EYS. Normal hip 

contact pressure distribution in single parameters. J Biomech 2001. 34:895–905. 

93. Mav!i! B, Igli! A, Kralj-Igli! V, Brand R, Vengust R. Cumulative hip contact 

stress predicts osteoarthritis in DDH. Clin Orthop Relat Res 2008; 466(4):884–91. 

94. Kim JE, Zuoping L, Ito Y, Huber CD, Shih AM, Eberhardt AW, Yang KH, King 

AI, Soni BK. Finite element model development of a child pelvis with 

optimization-based material identification. J Biomech 2009; 42:2191-5. 

95. Karam MD, Gao Y, McKinley T. Assessment of walking pattern pre and post 

peri-acetabular osteotomy. Iowa Orthop J 2011; 31:83-9. 

96. Kralj M, Mav!i! B, Antoli! V, Igli! A, Kralj-Igli! V. The Bernese periacetabular 

osteotomy: clinical, radiographic and mechanical 7–15-year follow-up of 26 hips. 

Acta Orthop 2005; 76(6):833–40. 

97. Brand R, Igli! A, Kralj-Igli! V. Contact stresses in the human hip: implications 

for disease and treatment. Hip Int 2001; 11(3):117-26. 

98. Dolinar D, Antoli! V, Herman S, Igli! A, Kralj-Igli! V, Pavlov!i! V. Influence of 

contact hip stress on the outcome of surgical treatment of hips affected by 

avascular necrosis. Arch Orthop Trauma Surg 2003; 123(10):509-13. 

99. Pompe B, Daniel M, Sochor M, Vengust R, Kralj-Igli! V, Igli! A. Gradient of 

contact stress in normal and dysplastic human hips. Med Eng Phys 2003; 

25(5):379-85. 

100. Vengust R, Daniel M, Antoli! V, Zupanc O, Igli! A, Kralj-Igli! V. Biomechanical 

evaluation of hip joint after Salter innominate osteotomy - a long-term follow-up 

study. Arch Orthop Trauma Surg 2001; 121(9):511-6. 

101. Igli! A, Kralj-Igli! V, Antoli! V, Srakar F, Stani! U. Effect of the Periacetabular 

Osteotomy of the Stress on the Human Hip Joint Articular Surface. IEEE Trans 

Rehab Eng 1993; 1:207-12. 

102. Herman S, Jakli! A, Herman S, Igli! A, Kralj-Igli! V. Hip stress reduction after 

Chiari osteotomy. Med Biol Eng Comput 2002; 40(4):369-75. 



 74 

103. Hailer NP, Soykaner L, Ackermann H, Rittmeister M. Triple osteotomy of the 

pelvis for acetabular dysplasia. Age at operation and the incidence of nonunions 

and other complications influence outcome. J Bone Joint Surg Br 2005; 87-

B(12):1622-6. 

104. Böhm P, Brzuske A. Salter Innominate Osteotomy for the Treatment of 

Developmental Dysplasia of the Hip in Children. Results of Seventy-three 

Consecutive Osteotomies After Twenty-six to Thirty-five Years of Follow-up. J 

Bone Joint Surg Am 2002; 84:178-86. 

105. Ferguson S, Bryant J, Ganz R, Ito K. The influence of the acetabular labrum on 

hip joint cartilage consolidation: a poroelastic finite element model. J Biomech 

2000; 33(8) 953-60. 

106. Wei HW, Sun SS, Jao SHE, Yeh CR, Cheng CK. The influence of mechanical 

properties of subchondral plate, femoral head and neck on dynamic stress 

distribution of the articular cartilage. Med Eng Phys 2005; 27:295–304. 

107. Russell ME, Shivanna KH, Grosland NM, Pedersen DR. Cartilage contact 

pressure elevation in dysplastic hips: a chronic overload model. J Orthop Surg Res 

2006; 3:1–6. 

108. Mow VC, Lai WM. Recent developments in synovial joint biomechanics. SIAM 

Review 1980; 22(3):275–317. 

109. Armstrong CG, Mow VC. Variations in the intrinsic mechanical properties of 

human articular cartilage with age, degeneration, and water content. J Bone Joint 

Surg Am 1982; 64(1):88–94. 

110. Macirowski T, Tepic S, Mann RW. Cartilage stresses in the human hip joint. J 

Biomech Eng 1994; 116(1):10–8. 

111. Forster H, Fisher J, Dowson D, Wright V. The effect of stationary loading on the 

friction and boundary lubrication of articular cartilage in the mixed lubrication 

regime. In: Dowson D, Taylor CM, Childs THC, Dalmaz G, editors. Proceedings 

of the 21st Leeds/Lyon Symposium on Tribology, Lubrication and Lubricants. 

Amsterdam: Elsevier Science, 1995; p. 71–84. 

112. Ateshian GA, Wang HQ, Lai WM. The role of interstitial fluid pressurization and 

surface porosities on the boundary friction of articular cartilage. J Tribol 1998; 

120(2):241–8. 



 75 

113. Ateshian GA. A theoretical formulation for boundary friction in articular 

cartilage. J Biomech Eng 1997; 119(1):81–6. 

114. Soltz MA, Ateshian GA. Experimental verification and theoretical prediction of 

cartilage interstitial fluid pressurization at an impermeable contact interface in 

confined compression. J Biomech 1998; 31(10):927–34. 

115. Persson BNJ. Sliding friction. second ed. Berlin: Springer-Verlag, 2000; p. 515. 

116. Park S, Krishnan R, Nicoll SB, Ateshian GA. Cartilage interstitial fluid load 

support in unconfined compression. J Biomech 2003; 36:1785–96. 

117. Athanasiou KA, Agarwal A, Dzida FJ. Comparative study of the intrinsic 

mechanical properties of the human acetabular and femoral head cartilage. J 

Orthop Res 1994; 12(3):340–9. 

118. Nishii T, Shiomi T, Tanaka H, Yamazaki Y, Murase K, Sugano N. Loaded 

cartilage T2 mapping in patients with hip dysplasia. Radiology 2010; 256(3):955-

65. 

119. Ferguson SJ, Bryant JT, Ganz R, Ito K. An in vitro investigation of the acetabular 

labral seal in hip joint mechanics. J Biomech 2003; 36(2):171–8. 

120. Carter DM, Wong M. Modelling cartilage mechanobiology. Philos Trans R Soc 

Lond B Biol Sci 2003; 358:1461–71. 

121. Ateshian GA, Ellis BJ, Weiss JA. Equivalence between short-time biphasic and 

incompressible elastic material responses. J Biomech Eng 2007; 129(3):405–12. 

122. Greaves LL, Gilbart MK, Yung A, Kozlowski P, Wilson DR. J Biomech 2009; 

42:349–54. 

123. Stammberger T, Herberhold C, Faber S, Englmeier KH, Reiser M, Eckstein F. A 

method for quantifying time dependent changes in MR signal intensity of articular 

cartilage as a function of tissue deformation in intact joints. Med Eng Phys 1998; 

20(10):741–9. 

124. Herberhold C, Faber S, Stammberger T, Steinlechner M, Putz R, Englmeier KH, 

Reiser M, Eckstein F. In situ measurement of articular cartilage deformation in 

intact femoropatellar joints under static loading. J. Biomech 1999; 32(12):1287-

95. 

125. Brand RA. Joint contact stress: a reasonable surrogate for biological processes? 

Iowa Orthop J 2005; 25:82-94. 



 76 

126. Repo RU, Finlay JB: Survival of articular cartilage after controlled impact. J Bone 

Joint Surg Am 1979; 59:1068-76. 

127. Pauwels F: Biomechanics of the normal and diseased hip: theoretical foundation. 

Technique and results of treatment. New York: Springer; 1976. 

128. Ferguson S, Bryant J, Ganz R, Ito K. The acetabular labrum seal: a poroelastic 

finite element model. Clin Biomech 2000; 15(6), 463-8. 

129. Barker MK, Seedhom BB. The relationship of the compressive modulus of 

articular cartilage: does cartilage optimize its modulus so as to minimize the 

strains arising in it due to the prevalent loading regime? Rheumatology 2001; 

40:274-84. 

130. Brown C, Nguyen T, Moody H, Crawford R, Oloyede A. Assessment of common 

hyperelastic constitutive equations for describing normal and osteoarthritic 

articular cartilage. Proceedings of I Mech E Part H: J Eng Med 2009; 223:643-52. 

131. Zuoping L, Alonso JE, Kim JE, Davidson JS, Etheridge BS, Eberhardt AW. 

Three-dimensional finite element models of the human pubic symphysis with 

viscohyperelatic soft tissues. Ann Biomed Eng 2006; 34(9):1452-62. 

132. Daniel M, Sochor M, Igli! A, Kralj-Igli! V. Hypothesis of regulation of hip joint 

cartilage activity by mechanical loading. Med Hypotheses 2003; 60(6):936-7. 

133. Wilson DR, McWalter EJ, Johnston JD. The measurement of joint mechanics and 

their role in osteoarthritis genesis and progression. Rheum Dis Clin North Am 

2008; 34:605-22. 

134. Klaue K, Durnin CW, Ganz R. The acetabular rim syndrome. A clinical 

presentation of dysplasia of the hip. J Bone Joint Surg Br 1991; 73(3):423-9. 

135. McCarthy JC, Noble PC, Schuck MR, Wright J, Lee J. The watershed labral 

lesion: its relationship to early arthritis of the hip. J Arthroplasty 2001; 16(8 Suppl 

1):81-7. 

136. McCarthy JC, Noble PC, Schuck MR, Wright J, Lee J. The Otto E. Aufranc 

Award: The role of labral lesions to development of early degenerative hip 

disease. Clin Orthop Relat Res 2001; (393):25-37. 

137. Wu JZ, Herzog W, Epstein M. Effects of inserting a pressensor film into articular 

joints on the actual contact mechanics. J Biomech Eng 1998; 120(5):655-9. 



 77 

138. Jacobsen S. Adult hip dysplasia and osteoarthritis. Studies in radiology and 

clinical epidemiology. Acta Orthop Suppl 2006; 77(324):1-37. 

139. Lubovsky !, Wright D, Hardisty M, Kiss A, Kreder H, Whyne C. Acetabular 

orientation: anatomical and functional measurement. Int J CARS 2012; 7:233–40. 

140. Murphy SB, Ganz R, Muller ME. The prognosis in untreated dysplasia of the hip. 

A study of radiographic factors that predict the outcome. J Bone Joint Surg Am 

1995; 77(7):985-9. 

141. Trousdale RT, Ekkernkamp A, Ganz R, Wallrichs SL. Periacetabular and 

intertrochanteric osteotomy for the treatment of osteoarthrosis in dysplastic hips. J 

Bone Joint Surg Am 1995; 77(1):73-85. 

142. Matta JM, Stover MD, Siebenrock K. Periacetabular osteotomy through the 

Smith-Petersen approach. Clin Orthop 1999; (363):21-32. 

143. Bachus KN, DeMarco AL, Judd KT, Horwitz DS, Brodke DS. Measuring contact 

area, force, and pressure for bioengineering applications: Using Fuji Film and 

TekScan systems. Med Eng Phys 2006; 28: pp. 483-8. 

144. Murphy S, Deshmukh R. Periacetabular osteotomy: preoperative radiographic 

predictors of outcome. Clin Orthop Relat Res 2002; 405:168-74. 

145. Johnston R, Brand R, Crowninshield R. Reconstruction of the hip. A 

mathematical approach to determine optimum geometric relationships. J Bone 

Joint Surg Am 1979; 61:639-52. 

146. Igli", A, Daniel M, Kralj-Igli" V, Antoli" V, Jakli", A. Peak hip-joint contact 

stress in male and female populations. J Musculoskeletal Res 2001; 5:17-21. 

147. Igli" A, #rakar F, Antoli" V, Kralj-Igli" V, Batagelj V. Matemati"ka analiza 

osteotomije po Chiariju. Acta orthop Iugosl 1990;20(2-3):35-9. 

148. Murphy SM, Deshmukh R. Periacetabular Osteotomy: Preoperative Radiographic 

Predictors of Outcome. Clin Orthop 2002; 405:168-74. 

149. Zupanc O, Antoli" V, Igli" A, Jakli" A, Kralj-Igli" V, Stare J, Vengust R. The 

assessment of contact stress in the hip joint after operative treatment for severe 

slipped capital femoral epiphysis. Int Orthop 2001; 25(1):9-12. 

150. Igli" A, Kralj-Igli" V, Daniel M, Ma"ek-Lebar A. Computer determination of 

stress distribution and size of weight bearing area in the human hip joint. Comput 

Methods Biomech Biomed Engin 2002; 5(2):185–92. 



 78 

151. Andrew E. Anderson !", Ellis BJ, Maas SA, Weiss JA. Effects of Idealized Joint 

Geometry on Finite Element Predictions of Cartilage Contact Stresses in the Hip. 

J Biomech. 2010; 43(7):1351–7. 

152. Tönnis, A. Heinecke. Acetabular and Femoral Anteversion: Relationship with 

Osteoarthritis of the Hip. J Bone Joint Surg 1999; 81:1747-70. 

153. Srakar F, Igli# A, Antoli# V, Herman S. Computer simulation of periacetabular 

osteotomy. Acta Orthop Scand 1992; 63(4):411-2. 

154. http://rsbweb.nih.gov/ij/ (17.11.2011.). 

155. http://physics.fe.uni-lj.si/projects/orthopaedic.htm (17.11.2011.). 

156. Vuka$inovi% Z, Spasovski D, Vu#eti% &, &obelji% G, 'ivkovi% Z, Matanovi% D. 

Triple pelvic osteotomy in the treatment of Legg-Calve-Perthes disease. Int 

Orthop 2009; 33(5):1377-83. 

157. http://www.statpages.org (17.11.2011.) 

158. Cooperman DR, Wallensten R, Stulberg SD. Acetabular dysplasia in the adult. 

Clin Orthop 1983; 175:79-85. 

159. Trumble SJ, Mayo KA, Mast JW. The periacetabular osteotomy. Minimum 2 year 

followup in more than 100 hips. Clin Orthop 1999; 363:54-63. 

160. Harris WH. Etiology of osteoarthritis of the hip. Clin Orthop 1986; 213:20–33. 

161. Michaeli DA, Murphy SB, Hipp JA. Comparison of predicted and measured 

contact pressures in normal and dysplastic hips. Med Eng Phys 1997; 19(2):180–

6. 

162. Reynolds D, Lucas J, Klaue K. Retroversion of the acetabulum. A cause of hip 

pain. J Bone Joint Surg Br 1999; 81(2):281–8. 

163. Murphy S, Tannast M, Kim YJ, Buly R, Millis MB. Debridement of the adult hip 

for femoroacetabular impingement: indications and preliminary clinical results. 

Clin Orthop Relat Res 2004; (429):178–81. 

164. Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology influences the pattern of 

damage to the acetabular cartilage: femoroacetabular impingement as a cause of 

early osteoarthritis of the hip. J Bone Joint Surg Br 2005; 87(7):1012–8. 

165. Kim WY, Hutchinson CE, Andrew JG, Allen PD. The relationship between 

acetabular retroversion and osteoarthritis of the hip. J Bone Joint Surg Br 2006; 

88(6):727–9. 



 79 

166. Recnik G, Vengust R, Kralj-Iglic V, Vogrin M, Krajnc Z, Kramberger S. 

Association between subclinical acetabular dysplasia and a younger age at hip 

arthroplasty in idiopathic osteoarthritis. J Int Med Res 2009; 37(5):1620-5. 

167. Aronson J. Osteoarthritis of the young adult hip: etiology and treatment. Instr 

Course Lect 1986; 35:119-28. 

168. Wiberg G. Studies on dysplastic acetabula and congenital subluxation of the hip 

joint. With special reference to the complication of osteoarthritis. Acta Chir Scand 

1939; 83(Supp 58): 5-135. 

169. Armiger RS, Armand M, Tallroth K, Lepistö J, Mears SC. Three-dimensional 

mechanical evaluation of joint contact pressure in 12 periacetabular osteotomy 

patients with 10-year follow-up. Acta Orthop 2009; 80(2):155-61. 

170. Troelsen A, Rømer L, Kring S, Elmengaard B, Søballe K. Assessment of hip 

dysplasia and osteoarthritis: variability of different methods. Acta Radiol 2010; 

51(2):187-93. 

171. Debevec H, Pedersen DR, Igli! A, Daniel M. One-legged stance as a 

representative static body position for calculation of hip contact stress distribution 

in clinical studies. J Appl Biomech 2010; 26(4):522-5. 

172. Bay BK, Hamel AJ, Olson SA, Sharkey NA. Statically equivalent load and 

support conditions produce different hip joint contact pressures and periacetabular 

strains. J Biomech 1997; 30:193–6. 

173. Mavcic B, Antolic V, Brand R, Iglic A, Kralj-Iglic V, Pedersen DR. Peak contact 

stress in human hip during gait. Pflugers Arch 2000; 440(5 Suppl):R177-8. 

174. Stansfield BW, Nicol AC, Paul JP, Kelly IG, Graichen F, Bergmann G. Direct 

comparison of calculated hip joint contact forces with those measured using 

instrumented implants. An evaluation of a three-dimensional mathematical model 

of the lower limb. J Biomech 2003; 36:929–36. 

175. Daniel M, Antoli! V, Igli! A, Kralj-Igli! V. Determination of contact hip stress 

from nomograms based on mathematical model. Med Eng Phys 2001;23(5):347-

57. 

176. Crowninshield RD, Johnston RC, Andrews JG, Brand RA. A biomechanical 

investigation of the human hip. J Biomec 1978; 11(1–2):75–85. 



 80 

177. Bergmann G, Graichen F, Rohlmann A. Hip joint loading during walking and 

running, measured in two patients. J Biomech 1993; 26(8):969–90. 

178. Pawaskar SS, Ingham E, Fisher !, Jin Z. Fluid load support and contact mechanics 

of hemiarthroplasty in the natural hip joint. Med Eng Phys. 2011; 33(1):96-105. 

179. Yoshida H, Faust A, Wilckens J, Kitagawa M, Fetto J, Chao EY. Three-

dimensional dynamic hip contact area and pressure distribution during activities 

of daily living. J Biomech 2006; 39(11):1996–2004. 

180. Krebs DE, Elbaum L, Riley PO, Hodge WA, Mann RW. Exercise and gait effects 

on in vivo hip contact pressures. Phys Ther 1991; 71(4):301–9. 

181. Hodge WA, Carlson KL, Fijan RS, Burgess RG, Riley PO, Harris WH, Mann 

RW. Contact pressures from an instrumented hip endoprosthesis. J Bone Joint 

Surg Am 1989; 71(9):1378–86. 

182. Wang XS, Wang TY, Jiang FC, Duan Y. The Hip Stress Level Analysis For 

Human Routine Activities. Biomed Eng Appl Basis Comm 2005;17:153-8. 

183. Mechlenburg I, Nyengaard JR, Gelineck J, Soballe K, Troelsen A. Cartilage 

thickness in the hip measured by MRI and stereology before and after 

periacetabular osteotomy. Clin Orthop Relat Res 2010; 468(7):1884-90. 

184. Genda E, Konishi N, Hasegawa N, Miura T. A computer simulation study of 

normal and abnormal hip joint contact pressure. Arch Orthop Trauma Surg 1995; 

114:202–6. 

185. Rab GT: Biomechanical aspects of Salter osteotomy. Clin Orthop and Relat Res 

1978; 132:82-7. 

186. Recnik G, Kralj-Iglic V, Iglic A, Antolic V, Kramberger S, Rigler I, Pompe B, 

Vengust R. The role of obesity, biomechanical constitution of the pelvis and 

contact joint stress in progression of hip osteoarthritis. Osteoarthritis Cartilage 

2009; 17(7):879-82. 

187. Harris WH: Traumatic arthritis of the hip after dislocation and acetabular 

fractures: treatment by mold arthroplasty. An end-result study using a new method 

of result evaluation. J Bone and Joint Surg 1969;51-A:737-55. 

188. Peters CL, Beck M, Dunn HK: Total hip arthroplasty in young adults after failed 

triple innominate osteotomy. J Arthroplasty 2001; 16(2):188-95. 



 81 

189. Santore RF: Hip reconstruction: Nonarthroplasty. In: Callaghan JJ, Dennis DA, 

Papferosky WG, Rosenberg AG, eds.: Hip and knee reconstruction. Rosemont: 

American Academy of Orthopaedic Surgeons, 1995: 110-5.  



!"#$%&'()" *#+&," 

!" !#$%& '()*&+*%, "&-./ 0. 1.10.1971. 1&2,/. # 3.&1")2#. 

4)%&/ 5)+"$.6%) *".27. $%&8., 1990. 1&2,/. 0. #(,*)& 9.2,:,/*%, 

;)%#86.6 </,+."5,6.6) # 3.&1")2#. !,(8&=,")& 0. 1996. 1&2,/. *) ("&*.>/&= 

&:./&= 9,64, , ,*6. 1&2,/. /) &+&= ;)%#86.6# #(,*)& (&*8.2,(8&=*%. *6#2,0. ,5 

&?8)*6, &"6&(.2,0., %&0. 0. 5)+"$,& 2007. 1&2,/. &2?")/,+$, =)1,*6)"*%# 6.5# 

(&2 /)5,+&= "9&1#@/&*6, , (".2/&*6, 6",(8. &*6.&6&=,0. %)"8,:. # 8.>.7# 

2,*(8)5,0. %#%) # )2&8.*:./:,0,". '(.:,0)8,*6,>%. *6#2,0. ,5 &"6&(.2,0. 0. 

#(,*)& 1998. 1&2,/., 6)%&-. /) 9.2,:,/*%&= ;)%#86.6# </,+."5,6.6) # 3.&1")2#, 

) 5)+"$,& 2005. 1&2,/.. 

<5 *6#2,0. =.2,:,/., 1993. 1&2,/. 0. %)& ".2&+)/ *6#2./6 ()")8.8/& #(,*)& 

A)%#86.6 *(&"6) , ;,5,>%. %#86#". </,+."5,6.6) # 3.&1")2#, 12. 0. 2,(8&=,")& 

*) ("&*.>/&= &:./&= 9,35. 

B2 2000-2007. 1&2,/. 0. ?,& 5)(&*8./ /) C/*6,6#6# 5) &"6&(.2*%# D,"#"1,0# 

, 6")#=)6&8&1,0# E8,/,>%&1 :./6") '"?,0. # 3.&1")2#, ")2.@, %)& 8.%)" /) 

*(.:,0)8,5):,0,, ) (&6&= , %)& *(.:,0)8,*6) &"6&(.2 /) B2.F.7# 

=,%"&D,"#"1,0., B2.F.7# *(,/)8/. 6")#=. , B2.F.7# 5) D,"#"1,0# ")=./). 

B2 2007. 1&2,/. 0. 5)(&*8./ /) C/*6,6#6# 5) &"6&(.2*%&-D,"#"$%. ?&8.*6, 

“3)7,:)” # 3.&1")2#, 12. , 2)/)* ")2, # '8#G?, 5) 2.>0# &"6&(.2,0# , 

6")#=)6&8&1,0#. 

< 6&%# *(.:,0)8,5):,0. 2001. 1&2,/. 0. &?)+,& 0.2/&=.*.>/, *6#2,0*%, 

?&")+)% /) B2.F.7# 5) *(&"6*%# &"&(.2,0# H.D/,>%&1 #/,+."5,6.6) # 9,/D./#, 

4.=)>%). <>.*6+&+)& 0. # +,$. ,/6."/):,&/)8/,D , 2&=)@,D %#"*.+) ,5 

")58,>,6,D &?8)*6, &"6&(.2,0.. 

E)/2,2)6 0. (&".2 52")+*6+./. (&%)5)& , 5/)>)0/& ,/6.".*&+)7. 5) /)*6)+/# 

, /)#>/# 2.8)6/&*6.  

H&%&= *6#2,0) 0. /) &?) ;)%#86.6) ?,& 2.=&/*6")6&": /) (".2=.6,=) 

9.2,:,/*%) *6)6,*6,%) , ,/;&"=)6,%) (1991-1992. 1&2,/.), , I,*6&8&1,0) *) 

.=?",&8&1,0&= (1992-1996. 1&2,/.) /) 9.2,:,/*%&= ;)%#86.6#, , /) (".2=.6# 

E&".%6,+/) 1,=/)*6,%) (1996-1997. 1&2,/.) /) A)%#86.6# *(&"6) , ;,5,>%. 

%#86#".. 



!"# $%&'"(") *& +,# "-."/#("- -" 0$#%123#* "3"'&4,*, 5 6&#.%"'5 #' 2002-

2007. .#',-& -" $%&'4&15 6,#4&',7,-23& #2-#(& 2$#%1", , -" 8,2#3#* 2$#%123#* , 

9'%"(21(&-#* :3#;, 5 6&#.%"'5 #' 2007-2011. .#',-& -" $%&'4&15 <,%5%.,*" 2" 

#%1#$&',*#4 , 1%"54"1#;#.,*#4. =" $#1%&+& -"21"(& -" $#4&-51,4 :3#;"4" ,9'"# 

*& '(" 5>+&-,3" ,9 ?5-37,#-";-& "-"1#4,*& , $%,%&',# @%"31,354 ,9 A,%5%.,*&. 

B" 3#-35%25 C&',7,-23#. ?"35;1&1" D-,(&%9,1&1" 5 6&#.%"'5 2011. .#',-& 

*& ,9"+%"- 9" 3;,-,)3#. "2,21&-1" 9" -"21"(-5 #+;"21 E%1#$&',*" -" $%&'4&15 

<,%5%.,*" 2" "-&21&9,#;#.,*#4. 

F% F5:3# 0$"2#(23, *& 5 $&%,#'5 #' 1998-2000. .#',-& +,# 21,$&-',21" 

C,-,21"%21(" -"53& , 1&A-#;#.,*&, 59 5)&:G& -" $%#*&315 C,-,21"%21(" $#' 

-"9,(#4 „C&A"-,94, #:1&G&H" , #$#%"(3" G&;,*"“. I%&-51-# *& 5)&2-,3 

$#'$%#*&31" 5 $#' -"9,(#4 “J&13& +#;&21, 5 #%1#$&',*,”, 5 #3(,%5 1&35G&. 

,-1&%',27,$;,-"%-#. ,-1&.%"1,(-#. ,21%"/,(")3#. $%#*&31" „ J&13& +#;&21,: 

4#;&35;"%-" $"1#?,9,#;#.,*", ',*".-#21,)3, , 1&%"$,*23, 4#'";,1&1, , 

2#7,*";-, "2$&31, (41004)“ $#' #3%,K&4 C,-,21"%21(" -"53& , 1&A-#;#:3#. 

%"9(#*" 0%+,*&. 

!"-','"1 *& '#2"'" #+*"(,# 54 $5+;,3"7,*&. , 4&L5 H,4" 535$-# 40 %"'#(" 

:1"4$"-,A 5 7&;#21,. E' 1,A %"'#(" 14 *& #+*"(K&-# 5 )"2#$,2,4" ,-'&32,%"-,4 

-" 0MN ;,21, , #2"4 5 )"2#$,2,4" ,-'&32,%"-,4 -" $#:,%&-#* 0MN ;,21,. 

I&)-# .#(#%, &-.;&23, , :$"-23, *&9,3. 

E/&H&- *& , #1"7 1%#*& '&7&. 



!"#$%&'()

*+,-.-'%'-/0%"10./

!"#$%&'(%)* ++++++++++++++++++++++

,-"./0$%&' +++++++++++++++++++++++++++++++

*+,-.2/,34

1'/.2/1"3#"-&3'/1%&2-#'4%.'/$"1/('&5"6"7

! -2805#'#/&"$&#62("9/%&#-':%6';3"9/-'1'<

! 1'/$-215":2('/1%&2-#'4%.'/0/425%(%/(%/0/125"6%7'/(%.2/,%5'/$-215":2('
8'/ 1",%.'=2/ ,%5"/ 3".2/ 1%$5"72/ $-27'/ &#01%.&3%7/ $-"9-'7%7'/ 1-09%>
6%&"3"?3"5&3%>/0&#'("6'<

! 1'/&0/-2805#'#%/3"-23#("/('6212(%/%

! 1'/ (%&'7 3-?%"@5'/ '0#"-&3'/ $-'6'/ %/ 3"-%&#%"/ %(#2523#0'5(0/ &6".%(0
1-09%>/5%4'A

!%05#1'6%70%"-86-

B/C2"9-'10</+++++++++++++++++

+++++++++++++++++++++++++

!

!

!

!

!

!

! ! !"#$% &'()%*)$+ 

!

!

!

!

!

,+%-(.(/+0$( (/(1+2( 34%)34"$5 %)35%3%-+65 $(41+75 

 

 

 

 

 

 

 

 

 

  11.06.2012. 

!



!"#$%&'()

*+,-.- / #01%.213%01# 41-56-32'#'2$271"%3072

.2"+#,2 8%71%"07%&'"-8-

!"#$%$&'#(%"#$)*+,')$-------------------------------------------------

.',/$*&%0)$$$----------------------------------------------------------

1+*2%/03%$&',4')"$$----------------------------------------------------

5)06,7$')2)$---------------------------------------------------------

8#9+,'$$-------------------------------------------------------------

:,+&%0)9% ----------------------------------------

%(/)7;*/#"$2)$ /#$<+)"&)9)$ 7#'(%/)$",4$ 2,3+,'03,4$ ')2) %0+,7#+9)$#6#3+',903,/

7#'(%/%$ 3,/*$ 0)"$ &'#2),=6)$ ()$ ,>/)7;%7)?#$ 9)$ &,'+)6* 9#&#1-$3%&

"26%+#1%"#,:5-';3#.2"+#121-':'<2%&"-8:)

@,(7,;)7)"$ 2)$ 0#$ ,>/)7#$ ",/%$ 6%A9%$ &,2)B%$ 7#()9%$ ()$ 2,>%/)?#$ )3)2#"03,4

(7)?)$2,3+,')$9)*3)C$3),$<+,$0*$%"#$%$&'#(%"#C 4,2%9)$%$"#0+,$',D#?)$%$2)+*"

,2>')9#$')2)E

F7%$ 6%A9%$ &,2)B%$ ",4*$ 0#$ ,>/)7%+%$ 9)$ "'#G9%"$ 0+')9%B)")$ 2%4%+)69#

>%>6%,+#3#C *$#6#3+',903,"$3)+)6,4*$%$*$&*>6%3)B%/)")$H9%7#'(%+#+)$*$.#,4')2*E

!%16#0 8%71%"-38-

H$.#,4')2*C$------------------------

!!!!!!!!!!!!!!!!!!!!!!!!!

!

!

!

!

!

!

!

! ! ! ! !"#$% &'()%*)$+ 

!

! ! ! ! ,-.%'/0+1( 

! ! 2+%3/4(5+6$( (5(7+8( .-%).-"$/ %)./%.%3+1/ $(-7+9/ 

! ! :-%;. 0- <%-(5 ="$(#+5%*+> 

!

    !"#$% &'()%*)$+ 

 

 

 

 

 

 

 

 

 

  11.06.2012. 

!



!"#$%&'()

*+,-.-'%'/%"#01234

!"#$%&'()*+ ,-.")/0.1)123'+ 4.4#.51)3'+ 67")150$/+ 8$/35".&9+ :$+ '+ ;.<.1$#-.

/)=50.15/.('*+ ,-.")/0.1)1$+ '+ >)5</$:'+ '-)2)+ *5('+ :5315/23'+ :.2)/1$?.('+ =5:

-$2#5"5*!

35($+()+*5()+$'15/235+:)#5@

;.2)/1$?.('+2$+2".*+=/.#50.*$+=/):$5A#$ 2$*+'+)#)31/5-235*+B5/*$1'+=5<5:-5*

0$+1/$(-5+$/C."./$D)@

85('+:5315/23'+:.2)/1$?.('+=5C/$D)-'+'+;.<.1$#-.+/)=50.15/.('*+,-.")/0.1)1$

'+>)5</$:'+*5<'+:$+35/.21)++2".+35(.+=5%1'('+5:/):4)+2$:/E$-)+'+5:$4/$-5*+1.='

#.?)-?)+F/)$1."-)+0$():-.?)+GHIJKLMNJ+HOPPOQRS+0$+35('+2$*+2)+5:#'T.5A#$@

U@+V'15/21"5

W@+V'15/21"5 X -)35*)/?.($#-5

Y@+V'15/21"5 Z -)35*)/?.($#-5 Z 4)0+=/)/$:)

[@+V'15/21"5 Z -)35*)/?.($#-5 Z :)#.1.+=5:+.21.*+'2#5".*$

\@+V'15/21"5 Z 4)0+=/)/$:)

]@+V'15/21"5 Z :)#.1.+=5:+.21.*+'2#5".*$

G85#.*5+ :$+ 0$53/'E.1)+ 2$*5+ ():-'+ 5:+ %)21+ =5-'^)-.C+ #.?)-?._+ 3/$1$3 5=.2

#.?)-?.+:$1+()+-$+=5#)^.-.+#.21$S@

!%56#7 8%/5%"-98-

,+>)5</$:'_+````````````````````````

""""""""""""""""""""

!

!

!

!

!

!

!

!"#$%&'(")*' '('+",' -.#/-.0*% #/-%#-#$"1% *'.+"2% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  11.06.2012. 


