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Abstract

Introduction and Goal: Shin splint is a common pain among runners that occurs in the anterior lower leg.
The aim of this study was to investigate the electrical activity of the leg muscles between healthy athletes
and those with shin splint. Methodology: Through physical education students, fifteen healthy male athletes
(height: 176/20(x£)5/97 cm and weight: 75/46 () 10/47 kg) and fifteen male with shin splint (height:
176/2(+)6/18 cm and weight: 67/66 (+) 9/18 kg) ranging in age from 18 to 25 years participated in the current
study. The surface electromyograms (EMG) of the tibialis anterior, medial and lateral Gastrocnemius
gastrocnemius muscles are recorded in both groups. Then twenty seven features (eighteen features in time
domain and nine features in frequency domain) are extracted for each EMG signals. In this paper, principal
component analysis (PCA) method is employed to detect differences between electromyogram of three
mentioned muscles of healthy athletes and those with shin splint. Findings: It's driven from the results that
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by using EMG signals and PCA methodology, we can define a threshold which help us defer healthy cases
from unhealthy ones. Because of Results show there are significant differences in EMG of healthy and
unhealthy volunteers and the PCA methodology is applicable and effective to detect differences in EMG
signals of healthy athletes and those with shin splint.

Keywords: Shin Splint, Electromyography, Leg Muscle, Principle Component Analysis.

Ao0io
2L bl 5 ol pmas 2 5n (la g dile el (sla 2555 55 caan It (LIS 2 3 U slacanl
5 el Dokl SUbI s dos) (sl 55 bacamd 51 Ao,a¥0 i ol Cols L glags L3 s
bl b Bl U L3 (1 2 51 56 slacan Sl oy ssi ] e 3 g sa by S ol s o3V
Lo b Ole ol 355 5 Tt b (ol SLES e g glapl L LB L Gl 55 5
S5 laoy S 5 Sl s SLKE s dacn Ju OB 5 Jols DL ,5 (F 55 g0 atlid (2555
Lols D13 it St (B e s n A5t Gl L b Dsba &t (3131 55 0L
DS st 4 Wl 555 Sl Sl pisu o oS il pame e G55 53 el o2l ()
s OS5 6l s el sdiSaall IS 0L, L3 b Bl page 353 () 3l ol
S a3 a0 1S53 s aanl IS 51 o V0 B0 55 L Ble (F) 555 o o gies lpd0
Dl bl (F) oo g et iy (i) Gt sl = il A0 0k 55 el
Ol GV 6 Sl i W SRl (8D s it SRl il Jalse s edipl
03 peeedS (S U me s S HLES 00V et (05 COK B35 el e 035 3L (i
it O el Gla S 5l eslinal 5 S e sl el Dk Rl a5 0L
Olaies 2 0 503 (S el (019) din il 550 5 b Gl cpnpe 255 53 S3e Ik Julse
Lizes LT (V) 2ol ol il 352 05 ol (SKewe oS Llazasls Jalge 51 SOy SMas cins
o o dlpnlys S w5 g Ade ) e GRSy o HlS el et b s Alle
J3l oo opmman 3 pd e e (Shdcmnl ot (1151w oS A8 e 3l gl 4 1) e ST
CialS (1V=1Q) S o - ke OB W55 Sl Ik Glacawl jo 3k ke 1) Slss ol s SMlas
At |y 3130 s Ol a5l 60 JUisl e b Bl cdlae Cins oS S e 0Ly (Y1)
ol e e S DL SRl 4 Sl el Sae A S e L s LS s
5T OVae b Jals 4 L s L ot b Olbos cametips 50 o0 pomie Ois3
LS o Ol cpimmen SoalS ol 355 ol o3 Blis 5,855k Vsl a5 s bl Tl Ll
JUsl il 5 L Ol o e Sialsl a4 cias a4 €3l 3,55 5 ey OOae giledls SRl oS

(Y1) s pd o e L 00

1.Medial Tibial Stress Syndrome 3. Tibia 6. Tibialis Anterior
(MTSS) 4. Body Mass Index
2. Periostitis 5. Soleus

YA


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

‘ VA0 Slisls 5 5Ly V) o5t ccs 0l 5 obins b s Lias,

5 s Ol gladld gla S OF) OLKes 5 il ol Ulis § g g0 40 G (0 5005 53
L3S gy g Siabel e 4 Dls 5l 31 s omdane 318 sbe s Sl s s 0l (gliml L s 1) S
Mo o131 51 SVL Lo Y0 olB 5 s dlze OAdlad o (Il 5l 31 55 &S ke ae pl 4
(B GO 5 Jad SBlas Sl el s s SLad p i sl 3155 a8 s S Ol LT Lo
Az Cled s o B s & ol SRasly el 355 Mlieys Bl S5l @3ls)s
wood (pl g3 Dl alsy pelS (Gl 4 ol Oda b L s Sl e 55 L L Ol
53k ool s ot Sl 4 e 5 Il OISCE 5,5 51 L Gle e ol S sl s xSUI o JLSnn
a8 L0 55 J S I Upens glos puS & ot pl S pola g iSOl IS il Sliions (glae >
Joled 03 5 S350 (b i OlS (s sl psle (28 Lo il age files 5o 5 il ol
& VVTY) 305 Slols 3,08 o geme slagisy Jus asle S5 las )5 5 udle —0Ll
sl Sl Ll slalho Ghls ISl bl el alas 35L53 315 DSl slls ol S sules 2SI
IS Sl szl sla S SaSay ol Jlpds 5 e ol S lay U IS ol ol b
Rl S ean (VY 3L s Wl Olgy IS cpl L3 &8 SOl @ Ol ol S sbey xS
oS silos S SadUSm (suail s szl sl la Sis ol ol Al o Lliays b S5
Sl Sy up e ks bl i, @l Sldlas 4 ax s L (YF) syl Sl 5,008
5 OD) N (SaSl s e ls (NX0) (g et 23 s ls & 0550 Hin (il 5 jme sz n
oy dten Sl mig Sras obeln S T e i, Tl 5 S o5lal (19) o JIsl Lasls
o e 3l lie cpl 55 (YV=YA) Wlazs 1 5 eslinal 5550 SO (slaolSans 3 s yaseis
Slismn i daalias (Sl i 5l ol sal gla S5y 5 besls (350 5 e daesls &
o2ls s 5 Fss ol S (len GRSl Aol (e LMD S IS ) 2550 Jlexl D son
eSSl e S 5 el sl Wl Sl ozl el sla Sy el 53 ool

Hledls Bl gl s o soa ol

Y
IS5 sn b ol asseske 5 Sl by e Ol | ol tags (U] bl
Yool 5has CSNASTO O e o astlh wials 5 VA=Y o dals b s Y Ll o 5l
Ois 5 e sl WEY(H)PNA L6 Il Yo/ FY () VAY e K0k L) L Glos 555 0 D a5 10 &S
WEN () 0/AVL Jle NI e 0SSle L) Il 1510 5 (p S ks #V/s2 ()N AY
el 2l Bl 55 & Sl 3131 Sl G ) 53 3 (p S AS VOFF ()N /1Y 035 5 e sl

&Ud)b)s‘\swl (SJ)Jlf:éLw 22 r‘)M c‘)L:M L)'i‘ u&l.wb.v ] 03 g \‘Q:"‘J)ru""”'t:’.)tﬁ”

1. scattering Index 2. Fishers Linear Discriminate Index, 3. Yates 4. White
FLD

\A)


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

8l Bl L i s i S e ‘

Gl i SanSe b Sl Wl 5 36 s S e s Shoos b b Sle s
gt b dails |y asdS ole i b oy a3l ol s L ol dile (olebe gyl oS
WS 5 Soges sl Olged il I b s L Gl sy S sl 3l 1 dawl s s Bl
S beals, bl O satils 5aS plasil LI b 5 iledilon Sz 05 S 53 50 L 5o
Miils S o 3 o3l 53 5l 3l sl b s 5 S a8 8 s lal e 3 S lie 6l 5
S Gl 5ys s as 5 Sl T sl Ble ol | 1S ples oSl e s b
i 33 SIS sl s xSt pln 53 313 ol 51 Sazm 555 o e pls 55 bal oo 55 5l
(A Sy b aw s S 5 5o L Ble Odlas S Sl Gl s p g ol tagn o
SLes sl b 318 nlos iUl olSaws Sl shitecpdy s Sltl ol i 5 Jls oo

A ool e g ol "0 5 g Jike
Glwoslel 55 5 s ie (g ,S03I0 L3 IVl 5 BLol (gl e bl 5l (S g sheas il o
A s i g Ala JSU w antT dny (IS Slaslinal b 5 A ol 5 5 55 g0 15 slage (e
S s e b slily 5 5 e Sle 53 S48 S e Aob L (0,8 L IS i 1) Laoy 2SN ¢ s
25280 3 S5 e 53 gy (g3lmoslel &y ¢ 15 (gl iU 38 S5 OIS s e ey
SIS of ey 3 30 g3kl S Tplan skl bl Lass iSOy Aol 5 05l
53 OF Slaasiie 5 ol ol enls OLis ) IS02 3 b g iUl el Jomn ol asidin (o ol S sikes Sl
Yos 3 0sa5] Sl o Sl 53 a8 OsasT a6l Ol (IS sba ol o asd ) Ui
53 okl g sl el Ldlos dlae SSU el o cgr 58 ol rad 4l
b o33l (bt 5 s o paiS s mal8 OMae (S Sl s od g 5 iS55 o
S s anwl g 53 5l aS e &S g S 18 iSOl Cuns s s eslies] Do
SN &S > s s el Bl g B b b i e S > Bloos & b b 2l )
ol Bl ety by ol S e OS5 o w1500 45 Ml |y 655 S S il 0
WA e s,0e Oley 5 st Ui 3l Sl Sl o 318 ples SISl sdicld sl

A et eslizal BB slassls 4 5 oo 5 4 T A Sl 3 Al pa

1. Electromyography 2. Biovision 3. SENIAM
4. Matlab


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

IFA0 Ol 5 5l Y osled g9l 5 (B5ss by agh

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub jsmt.14.11.77 ]

by bos S (6,851 5 e ) S8

plie 31kl bl s g S i oo ) il

6)..1?3‘9}2.{”‘}2» dae
Mm;ﬂ‘;’wféﬁj dblzm}ﬁﬁjjz.ﬂlf
Mﬁ:l.;}&djuﬂwyl‘;héry&:\l‘pu)é le"'u“W'Jf“K

(PS8 las S slie o SV oDl ks 5 1S ilegy S laesls 51 mdly 6 0 pead B
s B3 L L Bl ) 4 e ol 31 5o iS5 SIS 50 b 53 3 SRS aw o
Pt A 2 ge SIS ol Il ol S sl S ladUSws 51 oslinal ) shies s ans i
Gol3 pges Aty s Jlasl B 550 S ap 58 000 B Ve s b L IS0Le j2bd il 5
5 trlome I iy (I 0355 3l ol 35,8 oLS (G s 40 S JUT e s I
S S e il 5 ulgns 5 A s S IS e L lomin JUSs By 4 S SIS Bl

VY)W o3ls | see (gladais Foo
L oS sl s dWS Lo 53 s Sis (IS5 ol B ey iU i (sl S5 ! i
dllas pl 553 S (Gt plS 5-0le3 8352 5 (il 5 555 (Slag 855 ol 05 S 4 55 Ol 8
IS izl (gla S35 dlllae ke S 515 ooy o sl 5,5 55 b e sla S35 G o
YV adlas cpl 53 ool (63,00 5 g Db IS (siuails 3 (35 5 Ol 8355 53 pl S pabey Sl
e 5 (Y ) 0les 8350 L3 el 51,50 WA S ol o ) s o1 S ol oS00 IS 51 (S35
2o S8 5 0y s o sla Syl b il e (F i) S 5 65 s
Sl s 08 demloms o 5 i OS5 e 1y Oley 85 o e S5s Llodds 4D ¥ 5 ¥ Jslas

6|ﬁfij R PRSP Lﬁ;}.’) RGSURVER WP U W g (o] d)?@.agu;}lj o Qs)ﬂc,wusa\.g

1. Moving Average

AN


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

8l Bl L i s i S e ‘

53 I Lo 53 e 58 01y cab s S e 8 el 5 5e S Lae St dalllas

a5 oS 4 S5 e S dele sl s 3,05 IS 3 85

Wl 3355 0 6 SOy

Wi ol S sl S I8 dsb SN ol 8 srles 2801 S8 51de coal | S0 %5 s )53 18 sl 7801 IS 0le 853 13 okl il S S 325 (05 i o5 ¥ g

skl Finl (S5

[EMG = 2L, i,

TUEMG) 1.8 555 S Gllas 58 J1 Kl

1

"MAV) Gllas 5 be lis

1 if0.25N<i <0.75N
MAVL =23 wilxl, wi={ % ==

TMAVD Y ¢ i ot ol 3llae Sl 5lutie

0.5 otherwise
1 if 0.25N < i < 0.75N
MAVZ =~3¥ wilx |, w,={ 4i/N elseifi < 0.25 N
4(i—-N)/N otherwise

SMAV)Y ¢ 5 ous 23l allae o Kiboe s

SSI=yNV, x2,

PSS o5k 5 siies JI S

1
VAR = — 3L, x/,

Y(VAR) o1 8 srles S0 bl

™3 = |%Z€V=1xi3|’ MTM3) g s los 3llas Jlutie
TM4 = %ZL xH, NTMA) ¢l Olon (Bllas 1tie
TM5 = %Z?’:ﬂf’ , "(TM5) gy Olae Gllas jlutie
RMS:M’ "RMS) ey o Kol a
LOG = enZitalog(xil) "(LOG) Log ;L. T
WL = 35 oy — il "WL) ¢4 S5 J b

T on—
AAC = 52?’:11|xi+1 = xql,

"(AAC) A.n\:):u'u__i,\:ﬂ

“(DASDV) jlas (sl ol ldia

, 1 on-
DASDV = EZ{LE(XHI - x)?,
1 ifx>0

ZCR = 2?';11 sgn(—x;x;41) , sgn(x) = {0 otherwise

(ZCR) S Sy e Olads sl

_1yn ) _ (1 ifx> Threshold
MYoP = NZi:lf(xl)' f6) = {O otherwise

"(MYOP) Myopulse .o ,s & ;i

SSC = B ey — %) % (o = %41, £G0) = {

(1] otherwise

. 1 if x> Threshold W ks o>
MAMP = S50 f(Jx, — xiss]), fG) = {1 1% > Thresho (WAMP) 8-y
1 if x> Threshold "ESC) i e s

b 4 gy I8 3 e £ Do ol 53 801 8 sles 2SO JUS 1S3 8550 3 izl il sl S35 o0y s o8 ¥ sk
el (S 3 b iy 5 g 13850 b 5 M5 S s 8 ey S LS 0 i dals By ¢S

STl Pl T 39

MNF = 3L, f;P; /35, P,

“(MNF) &L 15 5

MDF p _ vM _1lym
Zj=1 P]'_Zj=MDFP]'_E j:lP'v

“(MDF) sl .5 5

PKF = max(P),j =1,..,M

TPKF) oK, S 5

VCF = S0~ (m)zv

MNP = XL, P/ M, "MNP) St o 5
TTP = SM0 = Y7L, P;, Y(TTP) IS ol
SM1 =YL, P f;, PEMD Jsl ek ol
SM2 = YL, P f7, "SM2) 55 e dles
SM3 = YL, P f7, Y(SM3) ¢ s b Lo

SM2  (SM1 MVCF) 5 0 ilS p uilyls

AY



http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

‘ VA0 Slisls 5 5Ly V) o5t ccs 0l 5 obins b s Lias,

qwﬂaﬁﬁé.}‘)\aﬁ' QTJJ‘\S@‘ LSJLATL;‘?’}) ‘L)':j) L)'»’«‘ :‘5“;.«-:‘;; f})

S S S Sl ez &
S oS el o pazedir (slaesls il sl b gl 51 S onlaly 35 e o atereal (sl iz
31as U 1) atees e (5305 2lws 015 e OF 5l eslizal b ) andllan 55 50 s s s 0T Lol
Aoy 5 ol s o 0l ol (glaadl o ot (gl it 38 5 o bt ke (63 50
e M Glls oS ol sl X € R™M(X = [X105X3 1o X ]T) oS S 55 Al o L5 alise
Soss sheslial bsgs o Jols 5o 1) e 8 glp wsei N &S ol o 5L X € RV 5 -l ol

Dad s ) Cosea X G Sl Gl

)

X=X+E )
X=TPT v)
E=TPT )

=

e s e 0L | ekdis i Se Il slasls Lol g 65 ol Lol gl sliab 15 X pe b 5o
T €) vl Mkl il samsolis T ool e (,Soilbl g 5 okile 3L slias 5 E
Jhe Lol slaize sls [ (P € R™Y) ™ 68 b P ase (T = XP.P,R™
ol A ens ol 5SS B L bge ony laglsy ols P sl clag s o
[TT] ;5 [PP] ol sl 10 losile 3L 355 Js s m — 1 ola P slad o 5 ool ™ S
s Tl sl (s

Soas Goledle ol b wmnd 0l esls OLES Y ISE 5 a5 hailes 1l pwin iy 03 Sdde Aul
O R IO N e

tbel o giie 05 Solma 5 (5l 2 J1e ()

STl e el (Y

Jos 03 aden (LIS e fle bl s a e LIS e Sle e b ) Sl o 2 Ao 02

LS 55 3 gh ga 033 (padS lais Comads 5 55 s ke B sa0 (555 3 Vsane e Sl ol e | ksl

a:\:ul..;.,ﬁ)@)j«pmdbf@\ﬁjb(ujm)fmm‘(g_qu)mwnJ»LJ: XeRnXm L}"‘"J:L‘
J}.MJ
1. Power Spectral Density 10. Absolute Value of the 5th 22. Peak Frequency
Temporal Moment 23. Mean Power
g' :\r/]lfaea?nri%i;mg Value 11. Root Mean Square 24. Total Power
4' Modified Mean Absolute Value 12. Log Detector 25. 1st Spectral Moments
.I.'y pe 1 13. Waveform Length 26.2nd Spectral Moments
g 14. Average Amplitude Change 27. 3rd Spectral Moments
i.y;)\élc;dlﬁed Mean Absolute Value 15. Difference Absolute Standard 28. Variance of Central Frequency
: Deviation Value 29. Correlated Variable
g' \S/I;]iglr? cgtj)l:(agv:netegral 16. Zero Crossing 30. Uncorrelated Variable
8. Absolute Value of the 3th 17. Myopulse Percentage Rate 31. Score Matrix
T.emporal Moment 18. Willison Amplitude 32. Loading Matrix
9. Absolute Value of the 4th 19. Slope Sign Change 33. Correlation Matrix
Tém oral Moment 20. Mean Frequency 34. Orthogonal
P 21. Median Frequency 35. Covariance Matrix

AY


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

8l Bl L i s i S e ‘

X= [X1 X2 X3 Xn]T (t)
X117 Xim

Xn1 " Xam
3 0 035 e 3 g0 S e Sl (bl U gl 4 a5 L

1 X _ 7 ©)
i=

gl bt e lobn S WSl s e 5 SSle LX o Sl slad st il 53 2l )

355 oo g 553b S sople (0) Dsles 1 X = 0 s 055 0 i X Slie Sl 1S

[ M gaigai N L g0l slasls (2,5 )l ]
3o (Rl )l 155 (s pile dniline

_XTx (S iyl
\ (n-1)

opgleloyp goig polie dnwlxe
L S U».ibﬂ,f o ple

l

oy polie 1 spysley

o Sl [ G o3l slad ]
- adud
L:l-‘d d.;.]},c T

~ —~—

mx(m—I) mxl

Y
aailesdl clad g | [ 3

=

Elisvis o @iledde s ges ¥ JSa

*)

n
1 1
S:—Z. ) =—XTX
n_l'l(xl)(xl) 1
=
Gl sAy Z A, ZA ek Sl M dloe 5l 2 S SbolsS i Sle 83 slie & (¥

P omsbin,
.L;LJ‘;A‘;AL&J‘M ns (¥
ol laadl e 516 T Ll s P iS L g il nd 5 ozl (O

AY


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

‘ VA0 Slisls 5 5Ly V) o5t ccs 0l 5 obins b s Lias,

oslizal (A = V) @¥slee 31 sslie ol 6l P 5l 5leslizad LC 5 € s oy 5l s (5
)J)J}Jl@wﬁb akbgbm_l}y‘w}ﬁl LL&AJ‘)&J&:m‘jLa‘LQLAAUJ b}&&

.wd.,w;\uﬁaw@
C=P.PT v

C=PP"=(1-0) (A

.J;ozwm\g))w:}e-}é\ﬁQ\j&QT gv\*iaap'-tw@whﬁdm&ﬂ)’l@

95 4 Ju\deAX .LLJu?- ;.:j,a.: )‘JJ.J cd‘w& u,.::)‘) )‘ i L :6‘&@ ‘;IJJ kﬂj M—“—“

D g A e 5

X=X+X A
X=0Cx (Y
% = Cx (1

Glas 53 X @ped lsp pgeal X 5 ol Lol slaadd o slad 53 X wsad Sl psad X Jpe b o
Sl X 3 oo bl Glaosls 5 R 3 lwa laesls oole Cands L3 5 S sba ol il 3L
Dial53l ol Bl (sLab 53 gl O B s 4 s o 5 R s (ole b i e 3505 L A s
s ) Ll e s dile B (glad 55 X el S eIl Jlade O s gead S5 3l cpl plo b s
38 015 eslinal 35 50 (g3le e Cond
du@y,xdﬁqm$nmﬂﬁ@qLuwumgqfhyuﬁ“&gbuga”@&wn%s
LT e Cows VY Wsles Sl ol (g o o Je 3 o

Q — statistics = SPE(x) = [|%]|2 = ||€x||” (\Y)

=x'(1-0C)x

g oo o3l o lile SU (slizd pend 6l 6l ol 2ol el 0 0303 OLES VY Dsles L3 &S sboles
CasaS 53 oo damlons X 303 (650310 ls 5 5 (Sl g Jo (S35 Sl s 5 sboas (5l ol CgaS (I
335 g denlons VTV Uslee 5l aS das o 0L |y 6l ol 80 TOleabsl 63 5des 5 Gl A= Qg

1
, e8GR 3ho(he — D ar
Q2 =6, +1+4 >
01 91
j=l+1 j=l+1 j=l+1
20,0,
hog=1- (o
0 362
1. Projection Matrix 2. SPE 3. Q-Statistic

4. . Confidence Limit

AO


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

w8l Bl (8 4 3 Skl b 55 Gaseds

S A el 8 IS Sl b3 slie 55 Al 3le g 53 Oleebl A Cg Wsles ol 3
s 2L SPE(X) 2 QF 4555 W .l Jl 5 (50l umds 3 s 124 SPE(X) < Q2
Ll (g3l Lnd

dosn il bl Sl sl Gl oo o0 Band p Fege S sl slaad e slaws s
350 Sl Ssb TS baseie 6o 3 Sl 55 e eslinal ConS Gl e sl T SR
CPVy = Ut (gl ,) oddipmnd il dm G coiny poolie op 5855 56 | slaws (g5 o o Sl oS
ol s ool 4 2 (95%

l
A
cPv () = 22 o 1000 > cpY, 07
Yt

.J\Ab‘_;d &L«.ﬁ b (M’) Jlt’.k—"?p DL 6‘;5’“’;5‘.’- LJ;-}) )‘ oéw.w‘ )b}*}\” Jgﬁ;'

M gaigain b wjgel glasls (13,5 350
JUes

l

[ 9o oSl ) il 5195 o pile dpilxe

S— XTX (S5 Wiyl
(n-1)
|

spaly 3oy polie dlne ]

gle adse sladps @ bow
=PPTy o*

¥
[Q—statistic =SPE =|x-X 2]

S b lsS i ple

|

o polie 1 opyslen
—% S ol glad w
w-‘.u.: o
sho! adse I

b mamnaacmnmennlees e
mx(m—I) mel
swilessl sLady;
| [ slel gle adse sLady; }‘-
) i
1

[ Q-statistic jloze s )

Sl a0 SRS 4 s 5l sai X S
Al aste olie &g e il o Cozay (Il sl 3 gla S s s Sl eslised LS ly1sS s Sl
drlons (S5 o asiiie e 5 T sy Pl s n 5l B ass e el LS
flbes Sl el ¥l sdianlone | loie Wlie pl 3 T o st ool A se | slaws 5555
Azt W8 € 5 € pas sl e amtys 5 P o liS5L e ile ol Lo g sl
bl $ln QF €lial am 2o ) 55 555 o il Il 3131 sl (6l dbo e Sy
el ool ooy JOAF Ll aS e 0l dslos s 1340 Dlabl o 4 a5

1. Cumulative Percent Variance 2.CPV
(CPV)

AF


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

Y0 Ol 5 4l Y Uuns),l;é}\_;:«j)}?.b):uu)};

sy
Ol IS sbay das o LS| Hlag JJ_'e}rJL.q 5,5 6l g el S5 dlae 4w aJuig,,_jJti:M‘\‘J_i.i

RCOU [PPSO S0 0 e S O | B [ PN R COUN [V L R PVS | RPN e

3 .
2 |
g 11
O
> 0
]
-1 A
ﬂ) 24 6 8 10 12 14
-2
Time (sec) Time (sec)
(w) ()
0/25 ~ 1 -
0/2 -
0/15 0/5 -
S on < 0
E o/05 E
S 0 S s
w -0/05 w
-0/1 1 _) 4 6 8 10 12 14
-0/15 4 6 8 1012 14
-0/2 - ) -1/5 - .
Time (sec) Time (sec)
(s) <C)
2/5 - 3 A
2 4
1/5
S
£ 1
g 0/5
2 0
-0/5
1 24 4 6 8 10 12 14
5 ¢ 4 6 8 10 12 14 3 _
Time (sec) Time (sec)
() (»)

e (7 e sl Cbyls ol S0y dbie (e bgls (oltd Sy abae (L) :C\;}iu,;&s\ ol I S
gT,.Uaj\.: uﬁ)[&:ﬁj)d.é&(}(a)vju ql;,l:G?JB,G,;M;(}‘,L“:{;.,Lb;b&\;,lépw(: AVJL» 9119}‘.)65‘3}15})
Lo
ol

AY


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

8l Bl llf b 3 ool 8 55 asind

14
12
10

SPE

o N B O

SPE
ORrNWAUIO®~N®©

12
10

SPE
o N A~ O ©

o Tibialis Anterior
Threshold

S1 S3 S5 S7 S9 Si11 S13 S15
Subjects

()

o Medial Gastrocnemius

Threshold
[ ]
o
[ ]
[ ]
LIPS °
o
[ J
T I.I T T T T T T I-I.I T T 1
S1 S3 S5 S7 S9 Si11 S13 S15
Subjects
(s)
e [Lateral Gastrocnemius
Threshold
. .
o
o
[ ] Y [ ]
1 °
PY ° [ ] . [ ] [ ]

S1 S3 S5 S7 S9 S11 S13 S15
Subjects

(o)

07
0/6
0/5
n 0/4
 0/3
0/2
0/1

0/8
0/7
0/6
W 0/5
Q 0/4
0/3
0/2
0/1

0/8
0/7
0/6
0/5
a 0/4
0/3
0/2
0/1

e Tibialis Anterior

Threshold
[ ]
d [ ]
[ BN J [} [ ]
® o
o0 ° [ ] . [}
S1 S3 S5 S7 S9 S11 S13 S15
Subjects
(1))

e Medial Gastrocnemius

Threshold
[ ]
[ ]
[ J
'.'ILILI—.l.l.l.l.l T |.|.| |.|.|
S1 S3 S5 S7 S9 S11 S13 Si15
Subjects
@

e Lateral Gastrocnemius
Threshold

'_._l'.'lll'.l T T T T |.| T T |.'IL|

S1 S3 S5 S7 S9 S11 S13 Si15
Subjects

(9

chze len b gls B S dhde (Ol Cbsls (b o) dbae (11l g o) 55 Slg ] S12505 0 I
}E}JALA.G (é)Hu&}‘)ﬁ)u};))w(}‘J%&»}‘)&‘)};))M(J AHM*&)‘)&\J}E)J@(C
Slew S sls (o)l

AA


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

IFA0 Ol 5 5l Y osled g9l 5 (B5ss by agh

31 S sbolan das o LS 1y Hlew dbsls V0 5 Wl 3310 (sl Laesls gl gl 5l O IS
St QL sl (612 4 (5 553 ol 208 kil o 51 W 0L 313 ples gl gy ol 1 ety S
Solsbe gl szl sl Gla S5 o 45 as o 0L alis pl il YL lil a1l
53 sldeslsolis @up@;p.w,mi L sl pl osa atdl s Gl owie Soss s 305 3
Sl 5 5m s s sl s 5 elB Sy ladiae js le i oS 05 S 4 Olg 00 S
Sl b Dlew 5 odle 331 ol S ley oSOl LS sl (Sl oy LBy oS S3Ls Olg e (iaan
gadid dops A Jts (5l8 s dlas gl p 5 Aoy Ve ol glian 5 WlE S s gladlas
L olen s Glp Gl oo 3l Ol oo 45 das oo OLES G ol 5 sdkel Cowas R s
3oy ool e Ma 1315 Il s Gla S5 s o (l3ban sl WBlg55 5 38 eslial bl

5ol

oo
by glaakas ol S pley xSU JESm 6 3 bl et (Solew i lagh opl ool Gua
S Ols i BN s B b sl Jiagy (8l ol sl slss 5 s Sl el
ez pl s b el palS gl pl 4 plies OBda b Sl ot (Soles 5o L L Ol DOLae
e s i O Sl b S 5 Wl 0L 51 L Sl Sdlae ol S by S sl S
S 3 a5 5n ile 5 Ol d3 53 (Ss VA) Sns YV Shags cpl 03038 13 L3
G0 3 g A gl St olen pasiiS gy eddE oS ples xSl UK
Do g @l sl 31 ol 8 g les SN IS 5l ezl sl o S35 oo sl 05 Sy shiess gl s
A o eslial Sl 3131 s Sius 5) lionl e 5 Sl e ol gl eolid
sdal oz VOAY L ply oS (ol o aulone 103380 Ol o @ 55 b ol gy ol (510 Sl
35 0,8 53 sl a= (VU (gl ol e &S alKn S U bl 6,8 ) asdS jlas Lol
Skl Solon 4 Mima 5 ol Il A gls sl Skl a5 53 oS (Al ys 5 ol S iS55

&5 4
Col ($5355 5 elB Sods glaadlae s )L‘Nﬁjvjb S e sl iy oS sl Ol C:L::

é)wu@h:ﬁé‘f u.waL.A rg Jg\);dn LS\J'“&J" U’:’)))‘ obLﬁ‘m‘d\SMJ& Ql..lq @L’b WML'&
A3L Jgae 5 ogllae d U bl o

A4


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.22520708.1395.14.11.7.4 ]

[ DOI: 10.18869/acadpub.jsmt.14.11.77 ]

8l Bl L i s i S e ‘

19598 g S

5 Agie s p oKl S 5 o3l OLSIS 5 a8 ails o ol 355 5 lie cpl OB a3

b L}."))J.;_}J.{..:J JLQS Ju.)f ‘-J.:A-Aj}i w‘ DL (W u:’”é)l:’ JJ,LS_} dfﬁ o_jj§ DL ‘\SLS')‘J'Q‘ €L°J

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

sl

&b
Moen, M.H., Bongers, T., Bakker, EW., Zimmermann, W.O., Weir, A., Tol, J.L., Backx, F.J. (2012). Risk factors
and prognostic indicators for medial tibial stress syndrome. Scandinavian Journal of Medicine & Science in Sports.
22(1): 34-9.
Banerjee, P., McLean, C. (2011). Chronic exertional compartment syndrome with medial tibial stress syndrome in
twins. Orthopedics. 34(6): 219-21.
Tweed, J.L., Campbell, J.A., Avil, S.J. (2008). Biomechanical risk factors in the development of medial tibial stress
syndrome in distance runners. Journal of the American Podiatric Medical Association. 98(6): 436-44.
Yates, B., White, S. (2004). The incidence and risk factors in the development of medial tibial stress syndrome
among nhaval recruits. The American Journal of Sports Medicine. 32(3): 772-80.
Hubbard, T., Carpenter, E., Cordova, M. (2009). Contributing factors to medial tibial stress syndrome; a prospective
investigation. Medicine and Science in Sports and Exercise. 41(3): 490-6.
Willems, T.M., Witvrouw, E., Cock, A.D., Clercq, D.D. (2007). Gait-related risk factors for exercise-related lower-leg
pain during shod running. Medicine & Science in Sports & Exercise. 39(2): 330-9.
Moen, M., Tol, J., Weir, A., Steunebrink, M., Winter, D. (2009). Medial tibial stress syndrome: A critical review.
Sports Medicine. 39(7): 523-46.
Richile, D., Kelso, S.F., Bellucci, P.A. (1985). Aerobic dance injuries: a retrospective study of instructors and
participants. Physician Sportsmedicine Journal. 13: 130-40.
Stacy, R.J., Hungerford, R.L. (1984). A method to reduce workrelated injuries during basic recruits training in the
New Zealand Army. Military Medicine.149(6): 318-20.
Myburge, K.H., Grobler, N., Noakes, T.D. (1988). Factors associated with shin soreness in athletes. Physician and
Sportsmedicine. 16(4): 129-34.
http: //seniam.org/sensor_location.htm
Hashemi, J., Morin, E., Mousavi, P., Katherine, M., Hashtrudi-Zaad, K. (2012). EMG—force modeling using parallel
cascade identification. Journal of Electromyography and Kinesiology. 22(3): 469-77.
Konrad, P. (2005). The ABC of EMG: A practical introduction to kinesiological electromyography. Version 1.0,
Noraxon. U.S.A. Inc.
Rathleff, M.S., Samani, A., Olesen, C.G., Kersting, U.G., Madeleine, P. (2011). Inverse relationship between the
complexity of midfoot kinematics and muscle activation in patients with medial tibial stress syndrome. Journal of
Electromyography and Kinesiology. 21(4): 638-44.
Yuksel, O., Ozgurbuz, C., Ergun, M., Islegen, C., Taskiran, E., Denerel, N., Ertat, A. (2011). Inversion/Eversion
strength dysbalance in patients with medial tibial stress syndrome. Journal of Sports Science and Medicine. 10(4):
737-42.
Sokhangouei, Y., Afsharmand, Z. (2012). Biomechanics and pato Biomechanics muscle (Persain). Sports
Publication.
Leetun, D., Ireland, M., Wilson, J., Ballantyne, B., Davis, |. (2004). Core stability measures as risk factors for lower
extremity injury in athletes. Medicine & Science in Sports & Exercise. 36(6): 926-34.
Couture, D., Karlson, K. (2002). Tibial stress injuries: decisive diagnosis and treatment of “shin splints. The
Physician Sportsmedicine. 30(6): 29-37.
Biering-Sorensen, F. (1984). Physical measurements as risk factors for low-back trouble over a one year period.
Spine. 9(2):106-19.
Clement, D. (1974). Tibial stress syndrome in athletes. The American Journal of Sports Medicine. 2(2): 81-5.
Zardoshti-Kermani, M., Wheeler, B.C., Badie, K., Hashemi, R.M. (1995). EMG feature evaluation for movement
control of upper extremity prostheses. IEEE Transactions on Neural Systems and Rehabilitation Engineering. 3(4):
324-33.
Han-Pang, H., Chun-Yen, C. (1999). Development of a myoelectric discrimination system for a multi-degree
prosthetic hand, Int. Conf. Robotics and Automation. 3: 2392-7.
Boostani, R., Moradi, M. (2003). Evaluation of the forearm EMG signal features for the control of a prosthetic hand.
Physiological Measurement. 24(2): 309-19.
Oskoei, M., Hu, H. (2008). Support vector machine based classification scheme for myoelectric control applied to
upper limb. IEEE Transactions on Biomedical Engineering. 55(8): 1956-65.
Wang, G., Wang, Z., Chen, W. (2006). Classification of surface EMG signals using optimal wavelet packet method
based on Davies- Bouldin criterion. Medical and Biological Engineering and Computing. 44(10): 865-72.
Oskoei, M.A., Hu, H. (2006). GA-based Feature Subset Selection for Myoelectric Classification. IEEE International
Conference on Robotics and Biomimetics. 1465-70.
Wang, S., Xiao, F. (2004). AHU sensor fault diagnosis using principal component analysis method. Energy and
Buildings. 36(2): 147-60.
Wang, S., Zhou, Q., Xiao, F. (2010). A system-level fault detection and diagnosis strategy for HVAC systems
involving sensor faults. Energy and Buildings.42(4): 477-90.
Xiao, F., Wang, S., Xu, X., Ge, G. (2009). An isolation enhanced PCA method with expert-based multivariate
decoupling for sensor FDD in air-conditioning systems. Applied Thermal Engineering. 29(4): 712-22.

q.


http://dx.doi.org/10.18869/acadpub.jsmt.14.11.77
https://dor.isc.ac/dor/20.1001.1.22520708.1395.14.11.7.4
https://c4i2016.khu.ac.ir/jsmt/article-1-176-en.html
http://www.tcpdf.org

