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ель исследования. !"#$%&' ()*+),$)-&% ./0-&)1203%% (4)+52#--%)$$)6 ./0-&)120-
3%% % ./0-&)1203%% -7(%1)()6 ()/$)6) ( 7%01$)-&%4# 5)(2#,7#$%6 5#2%3#2%8#-4%9 
$#2()( 52% )1$#-&2#/'$)6   &20(+#.  
Материалы и методы. :2)0$0/%*%2)(0$; 2#*</'&0&; ./0-&)1203%% -7(%1)()6 ()/-
$)6 % 4)+52#--%)$$)6 ./0-&)1203%% =)/'>#=#2")()1) $#2(0 < 35 50"%#$&)(, 52)9)-

7%(>%9 /#8#$%# - +02&0 2022 1. 5) +02& 2024 1. - 52%*$040+% &20(+0&%8#-4)1) 5)(2#,7#$%? 
5#2%3#2%8#-4%9 $#2()( $%,$%9 4)$#8$)-&#6, ( -20($#$%% - 4)$&2)/'$)6 12<55)6, -)-&)?@#6 
%* 30 7)=2)()/'"#( =#* 52%*$04)( $#62)50&%% % &20(+; ( 0$0+$#*#. A--/#7)(0$%# 52)()7%/% - 
%-5)/'*)(0$%#+ /%$#6$)1) 70&8%40 - 7%050*)$)+ 80-&)& )& 4 7) 9 BC" $0 055020&# ACUSSON 
S2000 ( D -2#,%+#, - %*+#2#$%#+ 5/)@07% 5)5#2#8$)1) -#8#$%? (::E) ( -+ 2, 0 *0&#+ ( 2#,%+# 
4)+52#--%)$$)6 ./0-&)1203%% 5)/<80/% "(#&$)# %*)=20,#$%# - 12070"%#6 5) "(#&<, ( 2#,%+# 
./0-&)1203%% -7(%1)()6 ()/$)6 52)()7%/%-' &2#9420&$;# %*+#2#$%? % (;8%-/?/%-' -2#7$%# 
5)40*0&#/% ,#-&4)-&% (F) ( 4:0 % -4)2)-&% 20-52)-&20$#$%? -7(%1)()6 ()/$; (VS) ( +/-.  

Результаты. G#-&4)-&' =)/'>#=#2")()1) $#2(0 % -4)2)-&' 20-52)-&20$#$%? -7(%1)()6 
()/$; ( %--/#7<#+)6 12<55# 7)-&)(#2$) =;/0 (;># 5)40*0&#/#6 4)$&2)/'$)6 12<55;. D;?(/#$0 
4)22#/?"%)$$0? -(?*' )& 5/)@07% 5)5#2#8$)1) -#8#$%? $#2(0. !5&%+0/'$)# 5)2)1)()# *$08#-
$%# ./0-&)1203%% -7(%1)()6 ()/$)6 (SWE) =)/'>#=#2")()1) $#2(0 52% &20(+0&%8#-4)+ 5)(2#-
,7#$%% $#2(0 -)-&0(%/) 31,58 4:0. H<(-&(%&#/'$)-&' % -5#"%3%8$)-&' +)7#/% -)-&0(%/% 
82,9% % 66,7% -))&(#&-&(#$$). :)2)1)()# *$08#$%# -4)2)-&% 20-52)-&20$#$%? ()/$; -)-&0(%/) 
3,01 +/-. H<(-&(%&#/'$)-&' % -5#"%3%8$)-&' +)7#/% -)-&0(%/% 94,3% % 53,3% -))&(#&-&(#$$).  
:)40*0$), 8&) 5)40*0&#/' ,#-&4)-&% % -4)2)-&% 20-52)-&20$#$%? -7(%1)()6 ()/$; $# *0(%-?& 
)& -&)2)$; &20(+0&%8#-4)1) 5)(2#,7#$%?, )& -#1+#$&0 5)(2#,7#$$)1) $#2(0, )& ()*20-&0, )& 
(2#+#$%, 52)>#7>#1) - +)+#$&0 &20(+; 7) %--/#7)(0$%?, )& 52)(#7#$$)1) 9%2<21%8#-4)1) /#-
8#$%? $#2($)1) -&()/0 ( 0$0+$#*#.  

Обсуждение. B; -20($%/% 5)/<8#$$;# 2#*</'&0&; - 2#*</'&0&0+% 72<1%9 %--/#7)(0$%6 
=)/'>#=#2")()1) $#2(0. I0*/%8$;# 70$$;# )=<-/)(/#$; </'&20*(<4)(;+% -40$#20+% 20*$;9 
52)%*()7%&#/#6, 0 &04,# &#+ 304&)+, 8&) %--/#7)(0$%? 72<1%9 0(&)2)( 52)()7%/%-' < =)/'$;9 
-0902$;+ 7%0=#&)+ - 52%*$040+% 7%0=#&%8#-4)6 $#62)50&%% 5) -20($#$%J - 4)$&2)/'$)6 
12<55)6 *7)2)(;9 /%". :2% .&)+ 5)40*0&#/%, )5%-0$$;# 7/? 4)$&2)/'$)6 12<55; (=#* 52%*$0-
4)( $#62)50&%%) %--/#7)(0$%? A.S. Dikici - -)0(&. (2019) -9)7$; - $0>%+% 70$$;+% 4)$&2)/'-
$)6 12<55;. K#$7#$"%? 4 5)(;>#$%J ,#-&4)-&% $#2(0 52% #1) -&2<4&<2$;9 %*+#$#$%?9 )&+#-
80#&-? () (-#9 %--/#7)(0$%?9.  

Заключение. I#*</'&0&; 52)(#7#$$)1) %--/#7)(0$%? 5)40*;(0J&, 8&) ,#-&4)-&' $#2()( 
%+##& &#$7#$"%J 4 <(#/%8#$%J 52% &20(+0&%8#-4)+ 5)(2#,7#$%% 5#2%3#2%8#-4%9 $#2()(, 8&) 
-))&(#&-&(<#& 5)&#2# ./0-&%8$)1) +%#/%$0 % #1) *0+#$# -)#7%$%&#/'$)6 &40$'J. E)$)./0-&)-
1203%? ?(/?#&-? $#%$(0*%($;+ +#&)7)+ % 7)5)/$%&#/'$;+ %$-&2<+#$&)+ ( 7%01$)-&%4# &20(-
+0&%8#-4)1) 5)(2#,7#$%? 5#2%3#2%8#-4%9 $#2()(. E))&(#&-&(#$$), 7/? 70/'$#6>#1) 52%+#$#-
$%? +#&)70 &2#=<#&-? 20*20=)&40 -&0$702&%*%2)(0$$)1) 52)&)4)/0 . 
 

L/J8#(;# -/)(0: =)/'>#=#2")(;6 $#2(, </'&20*(<4)()# %--/#7)(0$%#, ./0-&)1203%?, 
-7(%1)(0? ()/$0,  5)(2#,7#$%# $#2(0 . 
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ELASTOGRAPHY OF THE TIBIAL NERVE IN INJURIES CAUSED BY GUNSHOT TRAUMA 
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o examine the capability of elastography (compression elastography and shear wave elas-
tography) in the diagnosis of peripheral nerve damage due to gunshot injury. 
Material and methods. The results of shear wave elastography and compression elas-
tography of the tibial nerve for 35 patients treated from March 2022 to March 2024 with 

signs of traumatic damage to the peripheral nerves of the lower extremities were analyzed and com-
pared with a control group consisting of 30 volunteers without signs of neuropathy and traumatic 
history. The study was carried out using a linear sensor with a frequency range from 4 to 9 MHz on 
an ACUSSON S2000 device in B-mode with cross-sectional area (CSA) measurement in cm2. Color 
images with color gradation were obtained in compression elastography mode, three-fold measure-
ments were performed in shear wave elastography mode, average stiffness values (E) were calculated 
in kPa, shear wave propagation velocity (VS) values was calculated in m/s. 

Results. The stiffness of the tibial nerve and the velocity of shear wave propagation in the 
study group were significantly higher than those in the control group. A correlation was revealed 
with the CSA of the nerve. The optimal threshold value of the tibial nerve SWE in traumatic nerve 
injury was determined as 31.58 kPa. The sensitivity and specificity of the model were 82.9% and 
66.7%, respectively. The threshold value of the wave propagation velocity was determined as 3.01 
m/s. The sensitivity and specificity of the model were 94.3% and 53.3%, respectively. 
It is shown that the stiffness and velocity of the shear wave propagation do not depend on the side of 
the traumatic injury, on the segment of the damaged nerve, on the time elapsed from the moment of 
injury to the study and on the surgical treatment of the nerve trunk in the anamnesis. 

Discussion. The results obtained in the current work were compared with the results of other 
studies of the tibial nerve. The differences in the data can be predominantly attributed to use of ul-
trasound scanners from different manufacturers, as well as to the fact that studies by other authors 
were conducted with patients possessing signs of diabetic neuropathy with the control group of 
healthy individuals. At the same time, the indicators described for the control group (without signs of 
neuropathy) of the study by A.S. Dikici et al. (2019) are similar to our data for the control group. The 
tendency to increase of the nerve stiffness upon its structural changes is highlighted in all studies.  

Conclusion. The results of the current study show that nerve stiffness tends to increase with 
traumatic damage to peripheral nerves, which corresponds to the loss of elastic myelin and its re-
placement by connective tissue. Sonoelastography as a non-invasive method can be employed as an 
additional tool in the diagnosis of traumatic damage to the peripheral nerves. Therefore, for further 
application of the method a standardized protocol needs to be developed.   
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5#2(;# -))=@#$%# )= </'&20*(<4)-
()+ %--/#7)(0$%% 5#2%3#2%8#-4%9 
$#2()( =;/) )5<=/%4)(0$) ( 1983 1. 
N) &)/'4) ( 5)-/#7$%# 7#-?&%/#&%? 
+; (%7%+ (;20,#$$;6, -&2#+%-

&#/'$)  20*(%(0J@%6-? %$&#2#- 4 70$$)6 
)=/0-&% %--/#7)(0$%?. O&) )=<-/)(/#$) 20*-
(%&%#+ </'&20*(<4)()6 055020&<2;, <(#/%-
8#$%#+ 80-&)&; 70&8%4)(, -)(#2>#$-&()(0-
$%#+ +#&)7%4 -40$%2)(0$%?. P/'&20*(<4)-
(;# %--/#7)(0$%? 5#2%3#2%8#-4%9 $#2()( 
-&0/% -)-&0($)6 80-&'J $#2($) -+;>#8$)1) 
</'&20*(<40 (NMUS), % 52%+#$?J&-? 52% 
20*/%8$;9 50&)/)1%8#-4%9 %*+#$#$%?9 5#-
2%3#2%8#-4%9 $#2()(: &20(+0&%8#-4)+ 5)-
(2#,7#$%%, &<$$#/'$;9 $#62)50&%?9, ()-50-
/%&#/'$;9 *0=)/#(0$%?9 $#2()(, =)4)()+ 
0+%)&2)3%8#-4)+ -4/#2)*#, -0902$)+ 7%0=#-
&#, )5<9)/#(;9 5)20,#$%?9 [1 - 8]. 

E2#7% 72<1%9 +#&)7)( /<8#()6 7%01$)-
-&%4% </'&20*(<4)()# %--/#7)(0$%# (PQA) 
)=/070#& 2?7)+ &04%9 52#%+<@#-&(, 404: 7)-
-&<5$)-&', )&$)-%&#/'$0? 7#>#(%*$0, )&-<&-
-&(%# %)$%*%2<J@#1) %*/<8#$%?, )&-<&-&(%# 
52#7(02%&#/'$)6 5)71)&)(4% 5#2#7 %--/#7)-
(0$%#+, $#& $#)=9)7%+)-&% 52)7)/,%&#/'$)-
1) (;$<,7#$$)1) 5)/),#$%? 50"%#$&0 (404 
52% BIK), ()*+),$)-&' 52)()7%&' </'&20-
*(<4)(<J $0(%10"%J % 52#7)5#20"%)$$<J 
20*+#&4<, 0 &04,# %--/#7)(0$%# ( 7%$0+%4#.  

D $0-&)?@## (2#+? </'&20*(<4)()# %--
-/#7)(0$%# $# )120$%8%(0#&-? &)/'4) D -
2#,%+)+. D 7%01$)-&%4# 52%+#$?#&-? +</'-
&%5020+#&2%8#-4)# %--/#7)(0$%#, (4/J80-
J@## -#2)>40/'$;6 2#,%+ - )"#$4)6 5/)-
@07% 5)5#2#8$)1) -#8#$%? (::E), 0 &04,# 
($<&2#$$#6 30-"%4</?2$)6 -&2<4&<2; $#-
2(0, )"#$4)6 4)$&<2)( $#2(0, #1) .9)1#$$)-
-&%, 42)+# &)1), )"#$%(0#&-? 42)()&)4 - 5)-
+)@'J "(#&$)1) %/% .$#21#&%8#-4)1) 7)-
55/#20 [1 - 6]. L2)()&)4, 404 %$&20$#(20/'-
$;6, &04 % .5%$#(20/'$;6, $#()*+),$) )=-
$02<,%&' ( $)2+0/'$;9 $#2(09 - 5)+)@'J 
-)(2#+#$$)6 $#4)$&20-&$)6 (%*<0/%*0"%% 
[7]. P(#/%8#$%# 42)()&)40, )5%-;(0#-
+)#  408#-&(#$$) %/% 4)/%8#-&(#$$), +),$) 
$0=/J70&' 52% 52%)=2#&#$$;9 ()-50/%&#/'-
$;9 $#(2)50&%?9, $#62)/%+3)+0&)*# %/% 
4)+52#--%% $#2(0 % /<8># (-#1) )"#$%(0&' - 
5)+)@'J .$#21#&%8#-4)6 7)55/#2)1203%%, 
4)&)20? =)/## 8<(-&(%&#/'$0 4 -)-&)?$%?+ 
$%*4)1) 42)()&)40 [8].  R/? =)/## &)8$)6 
)"#$4% %$&20$#(20/'$)1) 42)()&)40 -&0/% 
%-5)/'*)(0&'-? 7)5)/$%&#/'$;# +#&)7;, 
(4/J80? </'&20*(<4)()# %--/#7)(0$%# - 4)$-
&20-&$;+ <-%/#$%#+ (CEUS) % %*+#2#$%# 
+04-%+0/'$)6 %$&#$-%($)-&% 5#23<*%% 
(MPI) [9]. K04,# &2#&'#6 -)-&0(/?J@#6 +</'-
&%5020+#&2%8#-4)1) PQA ?(/?#&-? ./0-&)-

1203%?, 4)&)20? 52%+#$?#&-? 7/? )"#$4% 
,#-&4)-&% )210$)( % &40$#6 % 7#/%&-? $0 
4)+52#--%)$$<J ./0-&)1203%J (408#-&(#$-
$<J) % ./0-&)1203%J -7(%1)()6 ()/$)6 (4)-
/%8#-&(#$$<J) – (SWE.). :)-/#7$?? 5)720*7#-
/?#&-? $0 &)8#8$<J, 7(<+#2$<J % &2#9+#2-
$<J ./0-&)1203%J -7(%1)()6 ()/$)6 [10]. 
A-5)/'*)(0$%# 4)+52#--%)$$)6 ./0-&)120-
3%% &2#=<#& 52%+#$#$%? )5#20&)2)+ ($#>-
$#6 -,%+0J@#6 -%/; %/% ($<&2#$$#6, -)-
*70(0#+)6 5</'-%2<J@%+% -&2<4&<20+% 
($052%+#2, 02&#2%?+%), 8&)=; (;*(0&' 7#-
3)2+0"%J &40$#6. C#$#2%2<#&-? 5)/<52)-
*208$0? "(#&$0? ./0-&)120++0 ("(#&)(0? 
402&0), 4)&)20? $04/07;(0#&-? $0 %*)=20,#-
$%# ( )&&#$409 -#2)1) ( B -2#,%+#. O&0 ./0-
-&)120++0 52#7)-&0(/?#& 408#-&(#$$<J %$-
3)2+0"%J ) &40$%, 5)-4)/'4< )52#7#/#$$;# 
"(#&0 <40*;(0J& $0 20*/%8$;# <2)($% ./0-
-&%8$)-&% &40$%. E 5)+)@'J 4)+52#--%)$-
$)6 ./0-&)1203%% +),#& =;&' 5)/<8#$0 5)-
/<4)/%8#-&(#$$0? )"#$40 5<&#+ 20-8#&0 4)-
.33%"%#$&)( 7#3)2+0"%%, 4)&)2;# -20($%-
(0J& 7#3)2+0"%J &40$% ( %$&#2#-<J@#6 
)=/0-&% - 52%/#10J@#6 *7)2)()6 &40$'J. 
O/0-&)1203%? -7(%1)()6 ()/$)6, ( )&/%8%# 
)& 4)+52#--%)$$)6 ./0-&)1203%%,  )=#-5#8%-
(0#& 4)/%8#-&(#$$;6 0$0/%* ,#-&4)-&% &40-
$#6 % +#$## *0(%-%& )& )5#20&)20. D $#6 %--
5)/'*<#&-? -3)4<-%2)(0$$;6 </'&20*(<4)()6 
/<8, 4)&)2;6 %-5)/'*<#& -%/; 04<-&%8#-4)1) 
%*/<8#$%?, %*/<80#+;# </'&20*(<4)(;+ 70&-
8%4)+ 7/? %$7<4"%% 5)5#2#8$;9 ()/$ 5) 
(-#6 &40$%. O&% 5)5#2#8$;# ()/$; 20-52)-
-&20$?J&-? 5#25#$7%4</?2$) % - +#$'>#6 
-4)2)-&'J, 8#+ PQ -/<8, 8&) 52%()7%& 4 -+#-
@#$%J 80-&%", 4)&)2)# +),$) %*+#2%&' 404 
-4)2)-&' 5)5#2#8$)6 ()/$; (+#&2; ( -#4<$7< 
(+/-)). I0-52#7#/#$%# -4)2)-&#6 5)5#2#8$;9 
()/$ ( 40,7)+ 5%4-#/# $052?+<J -(?*0$) - 
+)7</#+ -7(%10 ()&$)>#$%#+ $052?,#$%? 4 
7#3)2+0"%%), 4)&)2;6 ?(/?#&-? 0=-)/J&$)6 
+#2)6 <52<1%9 -()6-&( &40$% ( #7%$%"09 
70(/#$%? (4%/)50-40/?9).  

A #-/% ./0-&)1203%? )801)(;9 )=20*)-
(0$%6 5)(#29$)-&$) 20-5)/),#$$;9 )210-
$)(, 52#7-&0&#/'$)6 ,#/#*;, 5#8#$% ()>/0 ( 
2<&%$$<J 5204&%4< (2080 </'&20*(<4)()6 
7%01$)-&%4%, &) ./0-&)1203%? +;>" % 5#-
2%3#2%8#-4%9 $#2()( $09)7%&-? $0 .&05# 
=<2$)1) 20*(%&%?. D-# =)/'># 5)?(/?#&-? 
5<=/%40"%6, 5)-(?@#$$;9 ./0-&)1203%% 
+;>", -(?*)4, -<9),%/%6  % 5#2%3#2%8#-4%9 
$#2()(, 8&) 7#+)$-&2%2<#& =)/'>)6 %$&#2#- 
4 70$$)+< +#&)7< ( +%2# [11]. F1) %-5)/'*<-
J& 7/? 7%01$)-&%4% *0=)/#(0$%6 )5)2$) -
7(%10&#/'$)1) 055020&0, ( 80-&$)-&% 7/? 
)"#$4% 40/'"%3%"%2<J@#1) &#$7%$%&0 5/#-
8#()1) -<-&0(0, 7/? )"#$4% 5)7)>(#$$)1) 

!  
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30-"%%&0,  &#$7%$)50&%% 09%//)(0 -<9),%-
/%?, 2)&0&)2$)6 +0$,#&;. P/'&20*(<4)(0? 
./0-&)1203%? -(?*0$0 - %*+#$#$%#+ +#90$%-
8#-4%9 -()6-&( &40$#6 (-/#7-&(%# &20(+;, 
7#1#$#20&%($;9 %*+#$#$%6 %/% 4)+52#--%%. 
A-5)/'*)(0$%# </'&20*(<4)()6 ./0-&)1203%% 
7/? )"#$4% 5#2%3#2%8#-4%9 $#2()( -8%&0#&-
-? $)(;+ 5)79)7)+, % #1) $07#,$)-&' =;/0 
5)7&(#2,7#$0 ( $#-4)/'4%9 %--/#7)(0$%?9 
[12]. O&% 5<=/%40"%% 5)-(?@#$; %--/#7)(0-
$%?+ $#%*+#$#$$;9 5#2%3#2%8#-4%9 $#2()( 
( 52)7)/'$)6 % 5)5#2#8$)6 5/)-4)-&?9 [13]. 
M &04,#, ( )-$)($)+, %*+#$#$%?+ 5#2%3#2%-
8#-4%9 $#2()( 52% &<$$#/'$;9 -%$72)+09, ( 
80-&$)-&%,  40250/'$)1) 40$0/0, 4<=%&0/'$)-
1) 40$0/0 [14, 15]. N0 -#1)7$?>$%6 7#$' )=-
$02<,#$0 5)(;>#$$0? ,#-&4)-&' -2#7%$$)-
1) $#2(0  52% $0/%8%% -%$72)+0 40250/'$)1) 
40$0/0   5) -20($#$%J - 4)$&2)/'$;+% 12<5-
50+%, 0 ( $#4)&)2;9 %--/#7)(0$%?9 &?,#-&' 
52)?(/#$%6  -%$72)+0 4)22#/%2<#& - <(#/%-
8#$%#+ ,#-&4)-&% $#2(0. K04,# )&)=20,#$) 
%*+#$#$%# ,#-&4)-&% 5#2%3#2%8#-4%9 $#-
2()( 52% -0902$)+ 7%0=#&# - 7%0=#&%8#-4)6 
5)/%$#62)50&%#6 % =#* $## [16 - 18]. 

B; $# (-&2#&%/% $% )7$)6 5<=/%40"%%, 
5)-(?@#$$)6 ./0-&)1203%% 5#2%3#2%8#-4%9 
$#2()( 52% %9 &20(+0&%8#-4)+ 5)(2#,7#$%% 
52% )1$#-&2#/'$)6 &20(+# ( -%/< -5#"%3%8-
$)-&% &20(+;.  

S(/??-' 9)2)>%+ 7)5)/$%&#/'$;+ 7%0-
1$)-&%8#-4%+ %$-&2<+#$&)+ 4 )=;8$)+< 
PQA, ./0-&)1203%? -7(%1)()6 ()/$)6 +),#& 
)=#-5#8%&' 4)/%8#-&(#$$<J )"#$4< &40$#6, 
8&) +),#& </<8>%&' 7%01$)-&%8#-4%# 90204-
&#2%-&%4% PQA. 

!"#$ %&&#"'()*+%, . 
! "#$%&' ()*+),$)-&% ./0-&)1203%% 

(4)+52#--%)$$)6 ./0-&)1203%% % ./0-&)120-
3%% -7(%1)()6 ()/$)6) ( 7%01$)-&%4# 5)-
(2#,7#$%6 5#2%3#2%8#-4%9 $#2()( 52% )1-
$#-&2#/'$)6 &20(+#.  

-*."/%*#0 % 1".('0.  
!=-/#7)(0$) 35 50"%#$&)( - 5)(2#,7#-

$%?+% 5#2%3#2%8#-4%9 $#2()( 4)$#8$)-&#6, 
$09)7%(>%9-? $0 -&0"%)$02$)+ /#8#$%% ( 
TCUP «NBAV DBK %+ M.M. D%>$#(-4)1)» 
B%$)=)2)$; I)--%% ( 5#2%)7 - +02&0 2022 
5) +02& 2024 11.  

L2%&#2%?+% (4/J8#$%? ( )-$)($<J 
12<55< =;/%: )1$#-&2#/'$0? &20(+0 4)$#8$)-
-&%, 5) 70$$;+ </'&20*(<4)()1) %--/#7)(0-
$%? ( D -2#,%+# - 52%*$040+% &20(+0&%8#-
-4%9 5)(2#,7#$%6 -#70/%@$)1) %/% =)/'>#-
=#2")()1) $#2()( $%,$%9 4)$#8$)-&#6, 4/%-
$%8#-4%# 52)?(/#$%? $#62)50&%% ( (%7# 5)-
40/;(0$%?, )$#+#$%?, ,,#$%?, =)/%, )120-
$%8#$%? %/% )&-<&-&(%? 7(%,#$%?, 0 &04,# 
5) 70$$;+ ONBC - )&-<&-&(%#+ %/% -$%,#-

$%#+ 0+5/%&<7; B -)&(#&0 - +;>" 1)/#$% % 
-&)5; (=)/'>#=#2")()1) $#2(0). D-# 50"%#$-
&; =;/% +<,8%$0+% ( ()*20-&# )& 22 /#& 7) 
61 1)70, -2#7$%6 ()*20-& -)-&0(%/ 32,6 1)70.  

L2%&#2%?+% %-4/J8#$%? ?(%/%-': 50-
"%#$&; ( )-&2;6 5#2%)7 &20(+; (&.4. (;20-
,#$$;6 )&#4 % $0/%8%# 1#+0&)+ (;*;(0J& 
02&#304&;), - 5#2#/)+0+% 7/%$$;9 &2<=80-
&;9 4)-&#6 % 5)(2#,7#$%?+% &0*)=#72#$$)-
1), 4)/#$$)1) % 1)/#$)-&)5$)1) -<-&0()(, - 
$0/%8%#+ +#&0//%8#-4%9 4)$-&2<4"%6 )-&#)-
-%$&#*0, ),)1)(;# 50"%#$&; - (;20,#$$;-
+% 2<=")(;+% %*+#$#$%?+% +?14%9 &40$#6 
1)/#$%.  

D 4)$&2)/'$<J 12<55< ()>/% 30 7)=2)-
()/'"#( =#* 4/%$%8#-4%9 52%*$04)( $#62)-
50&%% % &20(+0&%8#-4)1) 5)(2#,7#$%? 4)-
$#8$)-&% ( 0$0+$#*#. D-# 50"%#$&; +<,-4)-
1) 5)/0 ( ()*20-&# )& 22 7) 46 /#&, -2#7$%6 
()*20-& -)-&0(%/ 31,8 1)7.  

D-#+ 50"%#$&0+ 52)()7%/)-' </'&20-
*(<4)()# %--/#7)(0$%# ( )&7#/#$%% </'&20-
*(<4)()6 7%01$)-&%4% "#$&20 /<8#()6 7%0-
1$)-&%4%. A--/#7)(0$%# 52)()7%/% - %-5)/'-
*)(0$%#+ /%$#6$)1) 70&8%40 - 7%050*)$)+ 
80-&)& )& 4 7) 9 BC" $0 055020&# ACUSSON 
S2000. :#2#7 $080/)+ %--/#7)(0$%? %*<80/% 
0$0+$#*, 70$$;# 4/%$%4) -$#(2)/)1%8#-4)1) 
)=-/#7)(0$%? % 2#*</'&0&; 52#7;7<@%9 %--
-/#7)(0$%6, (4/J80J@%9 LK, ONBC. P8%&;-
(0? 90204&#2 &20(+; % ()*+),$)-&' $0/%8%? 
+#&0//%8#-4%9 %$)2)7$;9 &#/, BIK $# 52)-
()7%/%. P/'&20*(<4)()# %--/#7)(0$%# 52)()-
7%/% =#* -5#"%0/'$)6 5)71)&)(4%, 5) -&0$-
702&$)6 +#&)7%4# ( D -2#,%+# ( 52)7)/'$)6 
% 5)5#2#8$)6 5/)-4)-&?9 -40$%2)(0$%?, - 
%*+#2#$%#+ 5/)@07% 5)5#2#8$)1) -#8#$%? 
(::E). Q0&#+ 52)()7%/% %--/#7)(0$%? - %--
5)/'*)(0$%#+ 4)+52#--%)$$)6 ./0-&)1203%% 
% ./0-&)1203%% -7(%1)()6 ()/$)6.  

:2% %--/#7)(0$%% =)/'>#=#2")()1) $#-
2(0 50"%#$& $09)7%/-? ( 5)/),#$%% $0 %--
-/#7<#+)+ =)4<, 4)$#8$)-&' 8<&' -)1$<&0 ( 
4)/#$$)+ -<-&0(#, 70&8%4 $09)7%/-? -&2)1) 
5#25#$7%4</?2$) 52)7)/'$)+< -#8#$%J $#-
2(0 ( 4 -+ 52)4-%+0/'$## +#7%0/'$)6 /)-
7;,4%. :2)%*()7%/% -40$%2)(0$%# =)/'>#-
=#2")()1) $#2(0 - %*+#2#$%#+ 5/)@07% 5)-
5#2#8$)1) -#8#$%? (::E), *0&#+ 70&8%4 20*-
()208%(0/% $0 90º, 8&)=; (;(#-&% 52)7)/'-
$)# -#8#$%# $#2(0, ( 2#,%+#   4)+52#--%)$-
$)6 ./0-&)1203%% 5)/<80/% "(#&$)# %*)=20-
,#$%# $#2(0. :2% .&)+ "(#&)(0? >40/0 120-
7<%2)(0/0-' &04%+ )=20*)+, 8&) 420-$;6 
"(#& -))&$)-%/-? - =)/## ,#-&4%+ "(#&$;+ 
402&%2)(0$%#+, 0 -%$%6  – - =)/## +?14%+. 
Q0&#+ -)*70(0/0-' 1#/#(0? «5)7<>40», 70&8%4 
<7#2,%(0/-? &04%+ )=20*)+, 8&)=; %*=#,0&' 
70(/#$%?  70&8%4)+   $0  +?14%#  &40$%, ( 2#- 
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,%+# ./0-&)1203%% -7(%1)()6 ()/$)6  )4$) 
)52)-0 <-&0$0(/%(0/)-' $0 %*)=20,#$%# 
=)/'>#=#2")()1) $#2(0 ( 52)7)/'$)6 5/)--
4)-&% % 52)()7%/%-' 3 5)-/#7)(0&#/'$;9 %*-
+#2#$%? ,#-&4)-&% (F), (;20,#$$)#   ( 4:0 % 
-4)2)-&% 20-52)-&20$#$%? -7(%1)()6 ()/$; 
(VS), (;20,#$$)# ( +/- (2%-. 1).  

E&0&%-&%8#-4%6 0$0/%* 52)()7%/-? - 
%-5)/'*)(0$%#+ 52)120++; StatTech v. 4.1.7 
(20*20=)&8%4 – !!! «E&0&&#9», I)--%?).  

L)/%8#-&(#$$;# 5)40*0&#/% )"#$%(0-
/%-' $0 52#7+#& -))&(#&-&(%? $)2+0/'$)+< 
20-52#7#/#$%J - 5)+)@'J 42%&#2%? W05%-
2) -P%/40. L)/%8#-&(#$$;# 5)40*0&#/%, %+#-
J@%# $)2+0/'$)# 20-52#7#/#$%#, )5%-;(0-
/%-' - 5)+)@'J -2#7$%9 02%3+#&%8#-4%9 
(#/%8%$ (M) % -&0$702&$;9 )&4/)$#$%6 (SD), 
120$%" 95% 7)(#2%&#/'$)1) %$&#2(0/0 (95% 
RA).  

E20($#$%# 7(<9 12<55 5) 4)/%8#-&(#$-
$)+< 5)40*0&#/J, %+#J@#+< $)2+0/'$)# 
20-52#7#/#$%#, 52% <-/)(%% 20(#$-&(0 7%--
5#2-%6 (;5)/$?/)-' - 5)+)@'J t -42%&#2%? 
E&'J7#$&0. R/? )"#$4% 7%01$)-&%8#-4)6 
*$08%+)-&% 4)/%8#-&(#$$;9 52%*$04)( 52% 
52)1$)*%2)(0$%% )52#7#/#$$)1) %-9)70 
52%+#$?/-? +#&)7 0$0/%*0 ROC -42%(;9. 
I0*7#/?J@## *$08#$%# 4)/%8#-&(#$$)1) 52%-
*$040 ( &)84# cut -off )52#7#/?/)-' 5) 
$0%(;->#+< *$08#$%J %$7#4-0 X7#$0.  

I0*/%8%? -8%&0/%-' -&0&%-&%8#-4% *$0-

8%+;+% 52% p < 0,05.  
2"34#$.*.0.  
E2#7% %--/#7<#+)6 12<55; 52#)=/070/% 

/%"0 $0%=)/## &2<7)-5)-)=$)1) ()*20-&0 – )& 
22 7) 40 /#& (82,8%). !-$)($)6 52%8%$)6 5)-
(2#,7#$%6 $#2($;9 -&()/)( ?(/?/)-' 
(*2;($)# % )-4)/)8$)# 20$#$%# – 33 (94,3%) 
-/<80?, 5</#()# 20$#$%# – 2 (5,7%) -/<80?. 
R0($)-&' &20(+0&%8#-4)1) 5)20,#$%? $#-
2()( -)-&0(%/0 )& 7 7$#6 7) 334 7$#6.  

D 12<55# - &20(+0&%8#-4%+% 5)(2#-
,7#$%?+% 5#2%3#2%8#-4%9 $#2()( 4)/%8#-
-&() 50"%#$&)( - 5)(2#,7#$%#+ -#70/%@$)-
1) $#2(0 $#*$08%&#/'$) 52#(;>0/) 4)/%8#-
-&() 50"%#$&)( - 5)(2#,7#$%#+ =)/'>#=#2-
")()1) $#2(0 – 20 (57,1%) % 15 (42,9%) 8#/)-
(#4 -))&(#&-&(#$$). E2#7% -&2<4&<2; 5)-
(2#,7#$%6 52#)=/070/% 4)$&<*%)$$;# 5)-
(2#,7#$%? – 20 (57,1%) -/<80#(, &04,# ( 4 
(11,4%) -/<80?9 )&+#80/)-' 5)/$)# $02<>#-
$%# 0$0&)+%8#-4)6 "#/)-&$)-&% $#2(0 (-#70-
/%@$)1) – 3, =)/'>#=#2")()1) – 1). D 5 
(14,2%) -/<80?9 – 80-&%8$)# $02<>#$%# 0$0-
&)+%8#-4)6 "#/)-&$)-&% $#2(0. :2% .&)+ ( 3 
-/<80?9 $0=/J70/% 50"%#$&)( 5)-/# 2#4)$-
-&2<4&%($;9 )5#20"%6 $0 -#70/%@$)+ $#2(# 
% 1 $0 =)/'>#=#2")()+ (5)-/# >()( $#2(0 – 
2, 5)-/# 5/0-&%4% $#2(0 0<&)$#(20/'$)6 
(-&0(4)6 -<20/'$;+ $#2()+ – 2). 

N0+% =;/) )&+#8#$), 8&) 52% 4)+52#--
-%)$$)6    ./0-&)1203%%    $#2(    402&%2<#&-?  

 

!"#. 1 $ ( Fig. 1 $)  

 

!"#. 1  % (Fig. 1 b) 

!"#. 1 $.    &'(' .!)*('+",$ #'-'./$#('01$2"" 
%'/34*%*15'6'0' -*16$    

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

Fig. 1 $.  Photo. Sonoelastography technique of 
the tibial nerve .  

Position of the probe.  

!"#. 1  %.  789 /*6'0' %'/34*%*15'6'0' -*16$ 
(1) 6 -":-*; (1*(" 0'/*-" . 

-"&".#)/*"01)22), '32%1%&'% /,"1"/*' 1)/41"-
/*1)&%&'5 6"#&7 VS ' $%/*,"/*' 8. 9,&" "41"/) 
(2) :/*)&"6#%&" &) &%16 6 41"("#;&"< 41"%,='' .   

Fig. 1 b.  Ultrasound of the left tibial nerve (1) in 
the lower third of the leg . 

Sonoelastogram, measurement of the VS wave propa-
gation velocity and E stiffness. The interroga tion win-
dow (2) is positioned on the nerve in the longitudinal 
projection.  
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!"#. 2 $ ( Fig. 2 $)  

 

!"#. 2 % (Fig. 2 b) 

 

!"#. 2 6 (Fig. 2 #)  

!"#. 2.  !789    %'/34*%*15'6'0' -*16$.   !*:"<= #*1'; 4,$/= " ,'<>1*##"'--'; ./$#('01$-
2"" %'/34*%*15'6'0' -*16$ . 

)  Ð 6'( &%16) / &%'32%&%&&"< >)/=',:#51&"< /*1:,*:1"<  (1), ,)1*'1:%*/5 41%'2:?%/*6%&&" 3%#%&72 
=6%*"2, +*" 4" =6%*"6"< @,)#% 3)&'2)%* /1%('&&"% 4"#"$%&'%.   

A Ð 6'( ,"&=%6"< &%61"27 (1) Ð A:#)6"6'(&"% :*"#?%&'%, 671)$%&&" /&'$%&&"< .B"0%&&"/*' / 4"*%1%< 
>)/=',:#51&"< /*1:,*:17,  ) *),$% 41'#%0)C?'< :+)/*", &%16) (2) ,)1*'1:%*/5 41%'2:?%/*6%&&" /'-
&'2 (Ç$%/*,'2È) =6%*"2 /"0#)/&" =6%*"6"< @,)#%.  

6 Ð 6'( 6&:*1'/*6"#;&"< &%61"27 (1), :+)/*",  671)$%&&" /&'$%&&"< .B"0%&&"/*' / 4"*%1%< >)/=',:-
#51&"0" /*1"%&'5, ,)1*'1:%*/5 /'&'2 (Ç$%/*,'2È) =6%*"2 /"0#)/&" =6%*"6"< @,)#%. .   

Fig. 2.  !Ultrasound of the tibial nerve. Gray scale and compression elastography modes of the tibial 
nerve . 

a Ð view of the nerve with unchanged fascicular  structure (1), mapped mainly in green, which occupies the 
middle position according to the color scale.  

b Ð view of terminal neuroma (1) Ð club -shaped thickening, markedly reduced echogenicity with loss of fascicu-
lar structure, as well as the adjacent area of the nerve (2) mapped mainly in blue ("hard") according to the color 
scale.  

c Ð view of intrastem neuroma (1), area of markedly reduced echogenicity with loss of fascicular structure, 
mapped in blue ("hard") according to the color scale.  
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"(#&)+ )&7#/'$) )& +;>", 52% -)920$$)6 
"#/)-&$)-&% - 8#&4%+% 4)$&<20+%, 5) "(#&)-
()6 >40/# $#2( ,#-&8#, 8#+ +;>"0. :2% 
$02<>#$%% "#/)-&$)-&% 8#&4) (%7#$ 5#2#-
2;( ( )420>%(0$%%. L)$"#(;# $#(2)+; 
402&%2<J&-? «,#-&4%+» "(#&)+, 404 % 52%/#-
10J@%6 <80-&)4 $#2(0, 52% 420#()+ 5)(2#-
,7#$%% <80-&)4 -   5)&#2#6 30-"%4</?2$)1) 
-&2)#$%? &04,# )420>%(0#&-? =)/## «,#-&-
4%+» "(#&)+, 4)&)2;6 5) "(#&)()6 >40/# 
-))&(#&-&(<#& -%$#+< "(#&< (2%-. 2).  

U;/ (;5)/$#$ 0$0/%* ./0-&)+#&2%% 
 =)/'>#=#2")()1) $#2(0  ( *0(%-%+)-&% )& 
12<55;, 70$$;# 52%(#7#$; ( &0=/%"# Y1.  

E)1/0-$) 52#7-&0(/#$$)6 &0=/%"#, 52% 
-20($#$%% ,#-&4)-&%, -4)2)-&% 20-52)-&20-
$#$%? -7(%1)()6 ()/$; ( *0(%-%+)-&% )& 
12<55;, =;/% <-&0$)(/#$; -<@#-&(#$$;# 

20*/%8%? (p < 0,001, p < 0,001 -))&(#&-&(#$-
$)).   

N0 2%-<$409 3 % 4  5)40*0$ -20($%-
&#/'$;6 0$0/%* ,#-&4)-&% % -4)2)-&% 20--
52)-&20$#$%? -7(%1)()6 ()/$; < %--/#7<#-
+;9 12<55. :2% .&)+ 70$$;# 5)40*0&#/% 7)-
-&)(#2$) (;># < 50"%#$&)( %--/#7<#+)6 
12<55;.  K04,# 20*=2)- *$08#$%6 =)/## (;-
20,#$ < 50"%#$&)( 70$$)6   12<55;,   5) 
-20($#$%J - 50"%#$&0+% 4)$&2)/'$)6 12<5-
5;, 8&) -(?*0$) - 20*/%8$;+% &%50+% 5)-
(2#,7#$%6   5#2%3#2%8#-4%9 $#2()(.  

:2% )"#$4# *0(%-%+)-&% (#2)?&$)-&% 
%--/#7<#+)6 12<55; )& ,#-&4)-&% - 5)+)-
@'J ROC -0$0/%*0 =;/0 5)/<8#$0 -/#7<J@0? 
42%(0? (2%-. 5).  

:/)@07' 5)7 ROC -42%()6 -)-&0(%/0 
0,810 ± 0,053 - 95%  RA: 0,705 – 0,915. :)/< - 

5*6#%7* 81 . 9+*#%3 :#*&.(1"./%% 6(#$;"6"/7()(<( +"/)*   ) 3*)%&%1(&.% (. 
</4==0 . 

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

0!
12 ! 3 ! !4!3 "! 5!

6(7'$#7'8!9$"%: !

+#;'-#)8;%<!
,-.//% !

=>?>@! =A?A>!4!BA?C>! BD!
E!D?DDFG!

H77)(I.(J%<!
,-.//% !

AB?=D! B=?K@!4!@A?CD! B@!

L$#-#7'8!-%7M
/-#7'-%;(;*<!

7IN*,#N#O!N#)M
;P!9JQ7:!

+#;'-#)8;%<!
,-.//% !

=?RK! =?KB!4!B?BK! BD!
E!D?DDFG!

H77)(I.(J%<!
,-.//% !

B?@R! B?=>!4!A?FD! B@!

G!4!-%&)*S*<!/#$%&%'()(O!7'%'*7'*S(7$*!&;%S*JP!90!E!D?D@:T!

 

!"#. 3 (Fig. 3) 

 

!"#. 4 (Fig. 4) 

!"#. 3.   !?"$01$<<$.  

D&)#'3 $%/*,"/*' 6 3)6'/'2"/*' "* 01:447.   

Fig. 3.  Diagram .  

Stiffness analysis depending on t he group.  

!"#. 4.   !?"$01$<<$.  

D&)#'3 /,"1"/*' 1)/41"/*1)&%&'5 /(6'0"6"< 6"#&7 
6 3)6'/'2"/*' "* 01:44.   

Fig. 4.  Diagram .  

Analysis of the shear wave propagation velocity de-
pending on the group.  
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!"#. 5 (Fig. 5) 

 

!"#. 6 (Fig. 6) 

!"#. 5. ROC-,1"6$@, A$1$,(*1"BCDE$@ B$6"-
#"<'#(3 6*1'@(-'#(" 01C>>= '( :*#(,'#(".  

Fig. 5.  ROC curve characterizing the depend-
ence of the pro bability of a group on rigidity.  
 

!"#. 6.   !?"$01$<<$.  

D&)#'3 +:6/*6'*%#;&"/*' ' /4%='>'+&"/*' 2"(%#' 
6 3)6'/'2"/*' "* 4"1"0"67B 3&)+%&'< $%/*,"/*'.   

Fig. 6.  Diagram .  

Analysis of the sensitivity and specificity of the model 
depending on the threshold values of stiffness.  

 

!"#. 7  (Fig. 7) 

 

!"#. 8  (Fig. 8) 

!"#. 7.  ROC-,1"6$@, A$1$,(*1"BCDE$@ B$6"-
#"<'#(3 6*1'@(-'#(" 01C>>= '( #,'1'#(" 
1$#>1'#(1$-*-"@ #+6"0'6'; 6'/-=.  

Fig. 7. ROC curve characterizing the depend-
ence of the probability of a group on the velocity 
of propagation of a shear wave .  

!"#. 8.   !?"$01$<<$.  

D&)#'3 +:6/*6'*%#;&"/*' ' /4%='>'+&"/*' 2"(%#' 
6 3)6'/'2"/*' "* 4"1"0"67B 3&)+%&'< /,"1"/*' 
1)/41"/*1)&%&'5 /(6'0"6"< 6"#&7.   

Fig. 8.  Diagram .  

Analysis of the sensitivity and specificity of the model 
depending on the threshold values of the shear wave 
propagation velocity.  
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8#$$0? +)7#/' =;/0 -&0&%-&%8#-4% *$08%+)6 
(p < 0,001). 

:)2)1)()# *$08#$%# ,#-&4)-&% ( &)84# 
cut-off, 4)&)2)+< -))&(#&-&()(0/) $0%(;->## 
*$08#$%# %$7#4-0 X7#$0, -)-&0(%/) 31,580 
4:0. H<(-&(%&#/'$)-&' % -5#"%3%8$)-&' +)-
7#/% -)-&0(%/% 82,9% % 66,7% -))&(#&-&(#$-
$) (2%-. 6).  

:2% )"#$4# *0(%-%+)-&% (#2)?&$)-&% 
%--/#7<#+)6 12<55; )& -4)2)-&% 20-52)-
-&20$#$%? -7(%1)()6 ()/$; - 5)+)@'J ROC -
0$0/%*0 =;/0 5)/<8#$0 -/#7<J@0? 42%(0? 
(2%-. 7). 

:/)@07' 5)7 ROC -42%()6 -)-&0(%/0 
0,803 ± 0,054 - 95% RA: 0,697 – 0,910. :)/<-
8#$$0? +)7#/' =;/0 -&0&%-&%8#-4% *$08%+)6 
(p < 0,001). 

:)2)1)()# *$08#$%# -4)2)-&% 20-52)-
-&20$#$%? -7(%1)()6 ()/$; ( &)84# cut -off, 
4)&)2)+< -))&(#&-&()(0/) $0%(;->## *$08#-

$%# %$7#4-0 X7#$0, -)-&0(%/) 3,010 +/-. 
H<(-&(%&#/'$)-&' % -5#"%3%8$)-&' +)7#/% 
-)-&0(%/% 94,3% % 53,3% -))&(#&-&(#$$) 
(2%-. 8). 

N0+% =;/ (;5)/$#$ 4)22#/?"%)$$;6 
0$0/%* (*0%+)-(?*% ./0-&)+#&2%% =)/'>#-
=#2")()1) $#2(0   % 5/)@07% 5)5#2#8$)1) -#-
8#$%? (&0=/. Y2).  

U;/ 52)(#7#$ 0$0/%* ./0-&)+#&2%% 
=)/'>#=#2")()1) $#2(0   ( *0(%-%+)-&% )& 
%--/#7<#+)6 -&)2)$; (/#(0? % 520(0? $%,-
$?? 4)$#8$)-&'). R0$$;# 52%(#7#$; ( &0=-
/%"# Y3.  

:2% -)5)-&0(/#$%% ,#-&4)-&%, -4)2)-
-&% 20-52)-&20$#$%? -7(%1)()6 ()/$; ( *0-
(%-%+)-&% )& %--/#7<#+)6 -&)2)$;, $0+ $# 
<70/)-' <-&0$)(%&' -&0&%-&%8#-4% *$08%+;9 
20*/%8%6 (p = 0,361, p = 0,245 -))&(#&-&(#$-
$); %-5)/'*<#+;# +#&)7;: U -42%&#2%6 B0$-
$0-P%&$%). 

5*6#%7* 8 2. ! 2"34#$.*.0 >(//"#,7%(++(<( *+*#%3* )3*%1(&),3% :#*&.(1"./%% 
6(#$;"6"/7()(<( +"/)*   % =#(?*'% =(="/"@+(<( &"@"+%, . 

"#$%&%'()*!
U%-%$'(-*7'*$%!$#--()<V*#;;#O!7N<&*!

W!
X(7;#'%!7N<&*!/#!
Y$%)(!Z(II#$%!

0!

6(7'$#7'8! 4!")#M
[%I8!/#/(-(S;#,#!

7(S(;*< !
D?C==! \%J(';%<! E!D?DDFG!

L$#-#7'8!-%7/-#M
7'-%;(;*<!7IN*,#N#O!
N#);P!4!")#[%I8!/#M

/(-(S;#,#!7(S(;*< !

D?@K>! \%J(';%<! E!D?DDFG!

G!4!-%&)*S*<!/#$%&%'()(O!7'%'*7'*S(7$*!&;%S*JP!90!E!D?D@:T!

5*6#%7* 8 3. ! !9+*#%3 :#*&.(1"./%% 6(#$;"6"/7()(<( +"/)*   ) 3*)%&%1(&.% (. 
%&&#"'4"1(A &.(/(+0 . 

"#$%&%'()*! +%'(,#-** !
7'#-#;%!

0!
12 ! 3 ! !4!3 "! 5!

6(7'$#7'8!9$"%: !

](N%<!!

;*^;<<! !

$#;(S;#7'8 !

BB?AD! =K?DD!4!@D?CD! BF!

D?BCF!

"-%N%<!!
;*^;<<! !

$#;(S;#7'8 !
BB?A@! =C?BD!4!AA?FD! BA!

L$#-#7'8!-%7M
/-#7'-%;(;*<!

7IN*,#N#O!N#);P!
9JQ7:!

](N%<!!
;*^;<<! !

$#;(S;#7'8 !
B?BB! B?D=!4!A?D=! BF!

D?=A@!
"-%N%<!!
;*^;<<! !

$#;(S;#7'8 !
B?=R! =?RC!4!B?>A! BA!

!
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5*6#%7* 8 4. !!2"34#$.*.0 >(//"#,7%(++(<( *+*#%3* )3*%1(&),3% :#*&.(1"./%% 
6(#$;"6"/7()(<( +"/)*   % )(3/*&.* . 

"#$%&%'()*!
U%-%$'(-*7'*$%!$#--()<V*#;;#O!7N<&*!

W! X(7;#'%!7N<&*!/#!
Y$%)(!Z(II#$%!

0!

6(7'$#7'8! 4!N#&-%7'! D?DRA! _('!7N<&*! D?A@>!
L$#-#7'8!-%7/-#M

7'-%;(;*<!7IN*,#N#O!
N#);P!4!N#&-%7'!

D?D>=! _('!7N<&*! D?@CR!
!

5*6#%7* 8 5. ! ! !9+*#%3 :#*&.(1"./%% 6(#$;"6"/7()(<( +"/)*  ) 3*)%&%1(&.% (. 
)%'* ./*)1*.%@"&>(<( =()/"B'"+%, . 

"#$%&%'()*! +%'(,#-** !
N*I!'-%NJ%'*S(7$#,#!/#N-(^I(;*<! !

0!
12 ! 3 ! !4!3 "! 5!

6(7'$#7'8!9$"%: !

;(*&J(;(;;PO!
;(-N ! =>?>@! =A?A>!4!BA?C>! BD!

E!D?DDFG!
0!"#$%&'"##()*

'&+)#)#',*#)-./* 0*

#)'&+)#)##(1*

#)-. !`!D?DFB!
0.(-/2)##()*

3$-%!$%-#()*4)5)6

#)-/$'.#()*'&+)6

#)#',*#)-./* 0*

#)'&+)#)##(1*

#)-. !`!D?DF=!

/#);#(!;%-.Y(;*(!
%;%'#J*S(7$#O!!

V()#7';#7'*!;(-N% !
AF?KC! BK?=F!4!@F?BA! A!

S%7'*S;#(!!
;%-.Y(;*(!%;%'#M
J*S(7$#O!V()#7'M

;#7'*!;(-N% !

B=?KA! B=?DD!4!>=?CD! @!

$#;'.&*#;;P(!*&M
J(;(;*<!;(-N% !

BR?CD! B=?BD!4!@F?D=! =D!

NP-%^(;;P(!
7'-.$'.-;P(!I(,(M
;(-%'*N;P(!*&J(M

;(;*<!;(-N% !

@K?>D! AK?DD!4!>F?=D! A!

$#J/-(77*<!;(-N% ! B=?R=! B=?=@!4!BB?CD! =!

L$#-#7'8! !
-%7/-#7'-%;(;*<!

7IN*,#N#O!!
N#);P!9JQ7:!

;(*&J(;(;;PO!
;(-N !

=?RK! =?KB!4!B?BK! BD!

E!D?DDFG!
0!"#$%&'"##()*

'&+)#)#',*#)-./* 0*

#)'&+)#)##(1*

#)-. !`!D?D=C!
0.(-/2)##()*

3$-%!$%-#()*4)5)6

#)-/$'.#()*'&+)6

#)#',*#)-./* 0*

#)'&+)#)##(1*

#)-. !`!D?DDK!

/#);#(!;%-.Y(;*(!
%;%'#J*S(7$#O!!

V()#7';#7'*!;(-N% !
B?>F! B?@A!4!A?DR! A!

S%7'*S;#(!!
;%-.Y(;*(!%;%'#M

J*S(7$#O!!
V()#7';#7'*!;(-N% !

B?=R! B?=@!4!A?KK! @!

$#;'.&*#;;P(! !
*&J(;(;*<!;(-N% ! B?A@! B?FA!4!B?RK! =D!

NP-%^(;;P(!
7'-.$'.-;P(! !

I(,(;(-%'*N;P(! !
*&J(;(;*<!;(-N% !

A?AD! B?RK!4!A?KA! A!

$#J/-(77*<!;(-N% ! B?F>! B?DR!4!B?=@! =!
!
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:2% 0$0/%*# ,#-&4)-&%, -4)2)-&% 20--
52)-&20$#$%? ()/$; ( *0(%-%+)-&% )& 5)-
(2#,7#$$)1) -#1+#$&0, $0+ &04,# $# <70/)-' 
(;?(%&' *$08%+;9 20*/%8%6 (p = 0,301, p = 
0,505 -))&(#&-&(#$$)).  

N0+% =;/ (;5)/$#$ 4)22#/?"%)$$;6 
0$0/%* (*0%+)-(?*% ./0-&)+#&2%% =)/'>#-
=#2")()1) $#2(0   % ()*20-&0 (&0=/. Y4).  :2% 
)"#$4# -(?*% ()*20-&0 % 5)40*0&#/#6 ./0-&)-
+#&2%%  -(?*' )&-<&-&()(0/0.  

U;/ 52)(#7#$ 0$0/%* ./0-&)+#&2%% 
=)/'>#=#2")()1) $#2(0   ( *0(%-%+)-&% )& 
(%70 &20(+0&%8#-4)1) 5)(2#,7#$%? (&0=/. 
Y5). D -))&(#&-&(%% - 52#7-&0(/#$$)6 &0=-
/%"#6, 52% )"#$4# ,#-&4)-&%, -4)2)-&% 20--
52)-&20$#$%? -7(%1)()6 ()/$; ( *0(%-%+)-
-&% )& (%70 &20(+0&%8#-4)1) 5)(2#,7#$%?, 
=;/% (;?(/#$; -<@#-&(#$$;# 20*/%8%? (p < 
0,001, p < 0,001 -))&(#&-&(#$$); %-5)/'*<#-
+;# +#&)7;: L2%&#2%6 L20-4#/0 -P)//%-0).  

E0+;# (;-)4%# 5)40*0&#/% ,#-&4)-&% 
% -4)2)-&% -7(%1)()6 ()/$; $0=/J70/%-' 
52% (;20,#$$;9 -&2<4&<2$;9 %*+#$#$%?9 
$#2(0 (2%-. 9, 2%-. 10).  

U;/ 52)(#7#$ 4)22#/?"%)$$;6 0$0/%* 
(*0%+)-(?*% ./0-&)+#&2%% % (2#+#$% )& 
&20(+; 7) %--/#7)(0$%? (&0=/. Y6).  

:2% )"#$4# -(?*% (2#+#$%, 52)>#7>#-
1) )& &20(+; 7) %--/#7)(0$%?, ,#-&4)-&%   % 
-4)2)-&% 20-52)-&20$#$%? ()/$; -(?*' )&-
-<&-&()(0/0.  

:2% -20($#$%% ,#-&4)-&%, -4)2)-&% 
20-52)-&20$#$%? ()/$; ( *0(%-%+)-&% )& 

)5#20&%($)1) /#8#$%? ( 0$0+$#*#, $0+ $# 
<70/)-' (;?(%&' *$08%+;9 20*/%8%6 (p = 
0,604, p = 0,638 -))&(#&-&(#$$)).  

C6&4B'"+%".  
G#-&4)-&' =)/'>#=#2")()1) $#2(0 % 

-4)2)-&' 20-52)-&20$#$%? -7(%1)()6 ()/$; 
=;/% 7)-&)(#2$) (;># < 50"%#$&)( - 5)(2#-
,7#$%?+% 5#2%3#2%8#-4%9 $#2()( ( 2#*</'-
&0&# )1$#-&2#/'$)6 &20(+;   5) -20($#$%J -) 
*7)2)(;+% 7)=2)()/'"0+%  (p < 0,001, p < 
0,001 -))&(#&-&(#$$)), 52% .&)+,   ( *0(%-%-
+)-&% )& (%70 &20(+0&%8#-4)1) 5)(2#,7#-
$%?, =;/% (;?(/#$; -<@#-&(#$$;# 20*/%8%? 
(p < 0,001, p < 0,001 -))&(#&-&(#$$)). H#+ 
=)/## (;20,#$$;# %*+#$#$%? -&2<4&<2; $#-
2(0, &#+ (;># 5)40*0&#/% ,#-&4)-&% % -4)-
2)-&% -7(%1)()6 ()/$;.  

D;?(/#$0  -(?*' 5)40*0&#/#6 ./0-&)-
+#&2%% )& 5/)@07% 5)5#2#8$)1) -#8#$%? $#-
2(0. :2% <(#/%8#$%% ::E <(#/%8%(0/%-' % 

5)40*0&#/% ,#-&4)-&% $#2(0.  
!5&%+0/'$)# 5)2)1)()# *$08#$%# ./0-

-&)1203%% -7(%1)()6 ()/$)6 (SWE) =)/'>#-
=#2")()1) $#2(0 52% &20(+0&%8#-4)+ 5)-
(2#,7#$%% $#2(0 -)-&0(%/) 31,580 4:0. 
H<(-&(%&#/'$)-&' % -5#"%3%8$)-&' +)7#/% 
-)-&0(%/% 82,9% % 66,7% -))&(#&-&(#$$).  

:)2)1)()# *$08#$%# -4)2)-&% 20-52)-
-&20$#$%? ()/$; -)-&0(%/) 3,010 +/-. H<(-
-&(%&#/'$)-&' % -5#"%3%8$)-&' +)7#/% -)-
-&0(%/% 94,3% % 53,3% -))&(#&-&(#$$).  

:)40*0$), 8&) 5)40*0&#/' ,#-&4)-&% % 
-4)2)-&% 20-52)-&20$#$%? -7(%1)()6 ()/$;  

 

!"#. 9  (Fig. 9) 

 

!"#. 6 (Fig. 6) 

!"#. 9.   !?"$01$<<$.  

D&)#'3 $%/*,"/*' 6 3)6'/'2"/*' "* 6'() *1)62)-
*'+%/,"0" 4"61%$(%&'5.   

Fig. 9.  Diagram .  

Analysis of stiffness depending on the type of trau-
matic injury.  

!"#. 10.   !?"$01$<<$.  

D&)#'3 /,"1"/*' 1)/41"/*1)&%&'5 /(6'0"6"< 6"#&7 
6 3)6'/'2"/*' "* 6'() *1)62)*'+%/,"0" 4"61%$(%-
&'5.   

Fig. 10.  Diagram .  

Analysis of the shear wave propagation velocity de-
pending on the type of traumatic injury.  
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$# *0(%-?& )& -&)2)$; &20(+0&%8#-4)1) 
5)(2#,7#$%?, )& -#1+#$&0 5)(2#,7#$$)1) 
$#2(0, )& ()*20-&0, )& (2#+#$%, 52)>#7>#1) 
- +)+#$&0 &20(+; 7) %--/#7)(0$%?, )& 52)-
(#7#$$)1) 9%2<21%8#-4)1) /#8#$%? $#2($)1) 
-&()/0 ( 0$0+$#*#.  

B; -20($%/% 5)/<8#$$;# 2#*</'&0&; - 
2#*</'&0&0+% 72<1%9 %--/#7)(0$%6 =)/'>#-
=#2")()1) $#2(0. A* 17 %--/#7)(0$%6 =)/'-
>#=#2")()1) $#2(0 +; (;=20/% &#,  4)&)2;# 

52)()7%/%-' 5) )5%-0$$)6 $0+% +#&)7%4# 
%--/#7)(0$%?. R0$$;#   52%(#7#$; ( &0=/%"# 
Y7.  

I0*/%8$;# 70$$;# )=<-/)(/#$; </'&20-
*(<4)(;+% -40$#20+% 20*$;9 52)%*()7%&#-
/#6, 0 &04,# &#+ 304&)+, 8&) %--/#7)(0$%? 
A.S. Dikici - -)0(&. (2019) [16], Y. He - -)0(&. 
(2019) [17], D.R. Pradhan - -)0(&. (2023) [18] 
52)()7%/%-' < =)/'$;9 -0902$;+ 7%0=#&)+ - 
52%*$040+% 7%0=#&%8#-4)6 $#62)50&%% 
(R:N) 5) -20($#$%J - 4)$&2)/'$)6 12<55)6 
*7)2)(;9 /%". :2% .&)+ 5)40*0&#/%, )5%-0$-
$;# 7/? 4)$&2)/'$)6 12<55; (=#* 52%*$04)( 
$#62)50&%%) %--/#7)(0$%? A.S. Dikici - -)0(&. 
(2019) -9)7$; - $0>%+% 70$$;+% 4)$&2)/'-
$)6 12<55;. K#$7#$"%? 4 5)(;>#$%J ,#-&-

4)-&% $#2(0 52% #1) -&2<4&<2$;9 %*+#$#$%-
?9 )&+#80#&-? () (-#9 %--/#7)(0$%?9.  

K04,# =;/% (;=20$; %--/#7)(0$%?, 
4)&)2;# 52)()7%/%-' $0 52%=)2# ACUSSON 
S2000, &.4. 70$$;# SWE )&/%80J&-? < 0550-
20&)( 20*$;9 52)%*()7%&#/#6. K04, J. 
Greening % A. Dilley (2017) )=-/#7)(0/% 26 
*7)2)(;9 /%" (11 +<,8%$ % 15 ,#$@%$ ( 
()*20-&# 38 % 39 /#& -))&(#&-&(#$$)), %*<80-
/% %*+#$#$%# 2#*</'&0&)( ./0-&)+#&2%% ( 

*0(%-%+)-&% )& 5)/),#$%? 4)$#8$)-&%. 
U)/'>#=#2")(;6 $#2( %*+#2?/-? $07 +#7%-
0/'$)6 /)7;,4)6 52% -)1$<&)+ 4)/#$# ( 90° 
% 0°, )&+#80/)-' 5)(;>#$%#  -4)2)-&% 20--
52)-&20$#$%? -(7(%1)()6 ()/$;  52% $0&?-
,#$%% $#2(0 7) 5,16±0,2 +/- [19]. N0>% 
70$$;# )&/%80/%-', 8&) )=<-/)(/#$) +#-&)+ 
%*+#2#$%?, &04 404 52% %*+#2#$%% $#2(0 
$07 +#7%0/'$)6 /)7;,4)6 =/%*)-&' 4)-&% 
)=<-/0(/%(0#& =)/## (;-)4%# 5)40*0&#/% 
,#-&4)-&% $#2(0.  

M. Wei, X. Ye (2020) 52)(#/% 52)-5#4-
&%($)# %--/#7)(0$%#, ( 4)&)2)# =;/% (4/J-
8#$; 30 50"%#$&)4 - 7%0=#&)+ 2 -1) &%50 % 
20 <80-&$%4)( 4)$&2)/'$)6 12<55;. R/? %--
-/#7)(0$%? =)/'>#=#2")()1) $#2(0 ( 5)74)-

5*6#%7* 8 6. !!2"34#$.*.0 >(//"#,7%(++(<( *+*#%3* )3*%1(&),3% :#*&.(1"./%% 
% )/"1"+% (. ./*)10 '( %&&#"'()*+%, . 

"#$%&%'()*!
U%-%$'(-*7'*$%!$#--()<V*#;;#O!7N<&*!

W! X(7;#'%!7N<&*!/#!Y$%)(!
Z(II#$%!

0!

6(7'$#7'8! 4! N-(J<! #'!
'-%NJP!I#!*77)(I#N%;*<!

MD?DRA! _('!7N<&*! D?@RB!

L$#-#7'8! -%7/-#7'-%;(;*<!
N#);P! 4! N-(J<! #'! '-%NJP!
I#!*77)(I#N%;*<!

MD?DBR! _('!7N<&*! D?K=@!
!

5*6#%7* 8 7. !!!2"34#$.*.0 :#*&.(1"./%% 6(#$;"6"/7()(<( +"/)* . 

H77)(I#N%;*<!!
H77)(I.(J%<!

,-.//%!a! 4!$"%!

+#;'-#)8;%<!

,-.//%!a! 4!$"%!

H77)(I.(J%<!

,-.//%! bc !4!JQ7!

+#;'-#)8;%<!

,-.//%! bc !4!JQ7!

defege!h TcT!7!7#%N'T?!

=DF>!iFCj!
>R?@!k=@?>! BD?Bk>?C! M! M!

l2!mT!7!7#%N'T?!=DFR!

iF>j !
M! M!

5`AD!

A?AKkD?@R!

5`AD!

B?C>kDTA>!

nopqrp5!d Ts T!7!7#M

%N'T?!=D=B!iFKj!

5`!FDD!

RKT=AkFRTA>!

5`!FDD!

A@TC@k=BTCB!
M! M!

L#t7'N(;;#(!*77)(M

I#N%;*(!

5`!B@!

!"#$%&'#()

5`!BD!

BD?FkR?C!

5`!B@!

B?KkD?>!

5`!BD!

B?FkD?@!
!
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/#$$)6 ?+4# 52%+#$?/% &207%"%)$$;# </'-
&20*(<4)(;# %--/#7)(0$%? % p -SWE. Q$08#-
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