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F2 R

The function of the tendon is to transmit the force of the muscle to the bones to
assist in the rotation, and to store and release the force of the muscle so that the force
can be output appropriately to avoid injury. Tendon injuries can be classified as acute
lacerations as well as chronic lacerations or functionally degenerative injuries. Acute
lacerations are caused by impact or overstretching and the patient usually experiences
more pain, while chronic lacerations or functionally degenerated tears are caused by
long-term accumulation of small lacerations or functional degeneration. As a result, the
patient does not feel pain probably. Baseball is a strenuous overhead sport. The pitcher's
shoulder joint will produce a lot of torsion when throwing the ball, and the rotator cuff
tendon must bear great traction to protect the rotator cuff. The repeated pitching process
can place a great burden on the rotator cuff tendons. According to statistics, baseball
players have a higher rotator cuff tear rate than the ordinary person, and pitchers are the
group with the highest risk of rotator cuff tear. Rotator cuff injuries not only represent a
decrease in pitchers' performance on the field, but also represent huge medical
expenses, increased offseasons and even athletic career termination. Therefore,
preventing rotator cuff tears has become an important issue. In the past, due to technical
limitations and a lack of understanding of mechanical biomechanics, pitchers OPTen

practiced and played in inappropriate environments. In recent years, due to the increased
ix

doi:10.6342/NTU202203362



awareness of sports injury prevention, the control of pitch count and the adjustment of

rest time have improved. In addition, with advances in medical technology and

mechanical biomechanics, people have a deeper understanding of tendon anatomy and

fatigue mechanisms, and both in vivo and ex vivo studies have made good progress.

There are related literatures that tendon fatigue is related to tendon strain. In the in vivo

study of tendon, although it is better to control the experimental variables, it cannot

meet the complexity of the human body. In order to better understand the state of tendon

in vivo, in vivo tendon-related research is necessary. In the past, the distance between

bone markers or other markers was OPTen used as the strain estimation of the tendon,

however, such analysis could not obtain finer tendon information and was limited by the

markers in the analysis location. With the improvement of ultrasonic technology, the

image analysis need not be limited to obvious characteristic points. In the examination

of rotator cuff tears, ultrasound imaging is considered to have the same accuracy as

MRI imaging and is gradually accepted in the analysis of tendon strain. More

importantly, unlike pressure transducer and MRI images, ultrasound has the advantages

of low cost, portability, non-invasiveness and real-time imaging. Therefore, rotator cuff

status measurements on pitchers with ultrasound should have some potential. In this

experiment, B Mode dynamic ultrasound images and speckle tracking based on optical

flow method were used to analyze the strain of the subscapularis and supraspinatus

X
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tendons of 10 elite active pitchers, and NCORR was used as a verification tool for the

analysis results. In addition, in order to understand whether pitchers' rotator cuff fatigue

status changes with season and the internal properties of the rotator cuff tendon, we

compared the strain status of the subscapularis tendon in the preseason and in the

regular season. In addition, the postseason strain analysis of the supraspinatus was

performed to investigate the internal strain distribution of the supraspinatus tendon.We

found that the average strain of the enthesis of the subscapularis in the isotonic exercise

was 8.82+2.69% before the season and 18.69+3.07% in the season, respectively, and the

results showed an increasing trend. In addition, in the superficial, middle and deep

layers of the supraspinatus muscle during concentric contraction, tensile strains of

18.77£3.13% and contraction strains of -9.27%+4.09% were obtained, respectively, and

in the superficial and middle layers of the supraspinatus muscle during eccentric

contraction and deep layers, tensile strain results of 19.07+2.50% and 11.76+2.26% and

3.89+1.90% were obtained, respectively, showing the inhomogeneity of tendon.

Finally, we believe that the optical flow method has the potential to be applied to

the ultrasound elastography of the subscapularis and the supraspinatus, and to detect

slightly significant changes in pre-season and in-season strain in the subscapularis

tendon ((p<0.05), however, we still need more pitcher data and longer-term follow-up to

better understand the relationship between tendon strain and fatigue. In addition,we
Xi
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found inhomogeneous tendon strain in the eccentric contraction of the supraspinatus as

well as in the concentric contraction, which we believe is one of the reasons why the

supraspinatus is prone to ruptures.

Keywords: baseball pitcher, ultrasound imaging, speckle tracking, optical flow,

supraspinatus, subscapularis, strain analysis
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BOEOTORUEIR o PR B > K B vt A R T i angd 2 5 4 (isolated tears) { & F

DT ARG IR A T e R s v B E & [14]
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1.1.3 #&_} »¥(Supraspinatus)
WP A Ah - IR AsR G A R gk o gt 2 g o H

B S22 ,_*\]a,.,pl,za»m+ Twnéf‘}g;ﬂmij:ﬁého f‘ﬁ,am&;ﬁﬁpm B F A4

ki
m

gt 1A E B IR E R T EH IR IR AT B i

o H B FE A VURESE A4 A o A0gR VUL B e A AN T A

L

S B EBR Lt P m PR AL B BEMY o Rk sk /ﬁﬁ% B & IR
@+¢@%gg$w5m@¢m@%’%aﬂﬁ4£ﬂ%mwﬁm¢%’Fﬁﬁﬂ

S A A nie® B41AFR > F R T HEEFE P IVIET 4] - [10][16]

1.2 £33 Ak A a4 45

I

AL AR GA - ERA RN DA FPLNF R RIS B RS
W2 ow Bt L BATA S B R A2 F R o L FAE R R T
Pt g @ i B A IURE oA 4T b B G 3 S FIEE 0 R B A A e s 47
PRSP RS T RR G bldod RARRE26]c KA fE S N im 2R
e AT MEF AR LS B ATIE ) AR AT VBRI L mikE P P
FE oottt RRH A BRELIT NG FHAER G P A EE Ay 12 B
Mode #- & = ff -

T 7 B4 A i (Shear Wave Elastography) e b %€~ o #0380 Sl * 0 i
fofaeEd R R T i R FIE U Rk Senie S A s o N SRR SR e i
ReeAg R B R K ¢ Foep B AR o d A A s SR g AR
ERSI W/ OF A fa sl 3 AR B T e W/ TR R L R IS S
m BMode Az A B g a0 v b3 AT APREY AL 2 Fuz iy
FARBEAEP P e AVUERR AT T A LI R TR 2P

Saumgit i N Gdd > BN GRS T A S R e b b AR S 45P T A S
7
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MRI~ &G ARG M2 ErAPRERPIBRIE 21 FEFFEAEEE N
B Mode #° fi 47§ A F5 (foi-= 5 4 473 £ K A fhonkahE £ 1 2 [27] -
1.3 sagkif He(Speckle Tracking)

AR A A AN A BB A G LT s A R SRR 20 o
CE SRS RN R Il ¥ Nkt AR L S AN teZ RNU RO

SO R B L B d PR B R B RS SE I AL

0 R FAF AP G BEBFOROTLE EHGT Y 2 E FEHPE M F

Ti&d Brleahing) o AorBhE Y 0 ER AR Y R o BT B R
FORGY ER- BRI TR A K2 B e M e G B
B R o dopt — Ko TV L A A BEEE AT b th 22 AR AR g i 8 e
LRSI L IREEIRFEI A B Nl 2 BT AR LETRL AR

% (engineering strain) £ = BI1ARAERR LR F o

.= AL 141
Lo

AL:Change in length, L,:Original length

fpd B BGE B2 2 % 0 7 SAD(Sum of Absolute Differences) ~ NCC(Normalize

Cross Correlation) ~ = OPT(Optical Flow Tracking) % > d *tza 2k & 5 2% 17 f

|

DO EEE N o TP R e nE ST 2 EHGT R BB E R RS 2L R
TERE o A AR AP GRS O EY IR R R LR R
BR TR RFZ - LA Al - SRR 2 R - R SR

— B R T RURE R M S vE P BIGE B 2 L & H[7][11]
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1.3.1 k%% (Optical Flow Method)
ki BB % ZEGBFWMAGE L g R  c SEG R RAEFEY
Bochc §fote MR KA R R Bheni= S R 0 B 9 Akl o 2 pIvusg(Achilles Tendon)
¢ 1P| B FE B SR [7][12] © 1981 # pFHorn fr Schunck:#-= i B 312
PR AREI 2RO ARNGN12) AL AFDRNIFEZ  cRFLRE
AR AR E R AR o g AN R 0 Lucas-Kanade(LK)i# &
% o J_H % Lucas-Kanade(LK)2. k7 i crde Hi 42 o 7 L > A

Horn §= Schunck#t 1! 5 & - RMEEK (Y 1-2):

I(x,y,t) =1(x + dx,y + dy, t + dt) X120

He 5 J(x,y, )& % tfeifd =8 (xy) > dxfrdy ™ & =4 4 ¥ dt4 7 58

P o 3 F ﬂé’»—1(x+dxy+dy,t+dt)l1 BaBE BT R BFEIE > B AN
1-3

I+ A,y + Ay, 0+ 40 = 1(6,9,0) + - dx + - sy + 2 At 313
(x + Ax,y + Ay, =[Gy, t) + 3o ax + -y + 5

BEN ]2 AP EN 13, FAENN 14
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LVy + LV, = —1; ;14

B o VA A W5 mE (oy)dx 2 ek y e B g o Lo~ [, A LA ]G
X~ yfetia Rk b en¥idceLucas — Kanade(LK)#& 11— 8 A3t B 01 fp 3tk jnen™ j2 o

B

PR ZER A ORBR ZGE T RIAERE o N 14T B AN 15

[ ¢

L(q )V, + 1,(q)V, = —1:(q1)

L (q2)Vs + 1,(q2)V,, = —1:(q2)

Ix(qn)vx + Iy(qn)Vy = —1(qn) ;¢ 1-5

BP oquad BB oon BHEB L LMUELANEX Yy ME AR F D

oo VAol 2wl 2B ()X S e y S g g
A7V y y

10
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% 1 3 BEFT 3 A AR T F i (smooth out) v i ¥ HIF ] h B & § 2 (integration
window) > #X @ e de R Bt BF 6 i 5 R - RIEEBER (Y 1-2)17 % e Fpt
A g * Pthon3.7 it 5 API4& v » ¥ i¢ * OpenCV ¥ 1 cv.calcOpticalFlowPyrLK()
SR T AT B RRIE Y R Y T £ F W E 2 [34] 0 AL 5 Pyramidal LK
Optical Flow o 3%i@ & i & (7702 7 U Hs 8 - fpF > R EG Bald
™1 2 #& 54 (accuracy and robustness) & & ;% i AR Bl 4- B 1-5 > Ly & 15 i OPT & )
Lok et 22 8 (0, v)®™ 0 50 gt 4% 22 8 8Ly & B e 7 Wrap > 312
wrap & e i =i 17 OPT ezt 5 > # F|A(e, v)® ™D s #(u, v)™ 12 2 A(y, v) @D

FRERL A FNUVOV R ABEE I LR PR F RS E SR

=]

21

o
P

OFT

OFT

A(u, v)@®

B 1-5 Pyramidal LK Optical Flow /= 42./%8] = # # > OPT: Optical Flow Tracking °
11
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https://docs.opencv.org/3.4/dc/d6b/group__video__track.html#ga473e4b886d0bcc6b65831eb88ed93323
https://docs.opencv.org/3.4/dc/d6b/group__video__track.html#ga473e4b886d0bcc6b65831eb88ed93323

14 my &2 p &

PEAABPEHALGR BT RTISEARY 2 BANE KA FRuE
Ao ah Flisd 475 P v K § 2ho ot b L F R ZHETA WD
RATREAR A @A BHRPITRRFF (DR FAAALFOPRELE QRS
PR FEET - RO)RFABEL F(A)FGhEL R 2 B (5)F 4ot il
PRBREMFHRDEE I o m A PEYER - BEE CFRARE R
h R A2 A BRI IR 0 T AR BRI AR R UF R g oty 50
FERE BFSEY DR REE(GHAeE R E SRR ) A PRI R R RE R
FRAAMYIEL LT o FE N AP T PRI BB ERF ARG L p &
L4 £ 2 R gmt{_%ﬁ%&u;‘ b4 Pa-rsmtt%z‘;—,;ﬁ \%§6 R R

FEFITFBE DI D ERE AR 4 R I % o
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Chapter 2 #1822

21 F§ i

AP SR FBEPE 2 MR S 208 00 ¢ IR aiﬂﬁ#%;'oéﬁlo
LA BB AR LT T ER L 259KR1AI32K) 2P £ 5944

HEZL L2 A (rd 2- 1) X aFF0 - FFY S FFLEHEBELILRY £
oAb R s o PE chdp il A AR g PR & R e o U R A 2 4T o
AP S FA ] GEL R gt IRBNO. 201812022RINC - i€ 4 P

108 & 1 7 18 p » 4ZP: MAL BRGGTR F o Lrotd R0 &

P 3
%r%eﬁéﬁ*ﬁ%ﬁﬂ EERUE R NP L e R

Status Preseason Regular Season Postseason Pitches SEX | AGE | RHP/LHP
Date 2021/1/14 | 2021/2/19 | 2021/3/19 | 2021/4/3 | 2021/4/24 | 2021/5/14 | regular season | postseason

[Pitcherl 6] [0) 0 6] 89 0 Male | 25 RHP
Pitcher2 6] 0 322 47 Male | 21 RHP
Pitcher3 6] 109 0 Male | 22 RHP
Pitcher4 0 0 6] 0 106 0 Male | 25 RHP
Pitcher5 0 ) 0 0 261 51 Male | 25 LHP
[Pitcher6 0 0 0 333 0 Male | 33 RHP
Pitcher7 0 44 24 Male | 32 RHP
Pitcher8 ) 0 61 0 Male | 26 RHP
[Pitcher9 0] [0) 28 0 Male | 30 RHP
[Pitcher10 [0) [0) [0) 327 0 Male | 25 RHP
Rotator Cuff SSP&SSC | SSP&SSC | SSP&SSC | SSP&SSC SSC SSP

% 2-110 i=4% + % F JF(Spring training) 2 Jp#&p & ~ a4\t iz~ Pk - 2 7
SSP:Supraspinatus,SSC: Subscapularis ;RHP:Right-Hand Pitcher, LHP:Left-Hand

Pitcher
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212 RERT 12 REXRE
RASKENRES 50 CHF S TS5 D 12 VA M % 5 20-30 SR
57 (BenQLI154BH) » 12 2 if #3425 i % F(BenQT3300)  H fe P~ gt 5 - &
972 % 696 A » mE B /iE 21t B 5 0.046875(mm/pixel)(l 2-1) F £ » A i
MeAZ S AR EE A W B YA R T A & R (] 2-2)F L AR AR R o 2 v
ROOFERERF DR TR SRS A G I DFEF RS A PRV - SHAF
FoRARFL AR ERES R G RE - AR i AL ) A en
BAd RREFpEEAT N ABFR LI EREFS - R AP AR L DL

.—"%% E;’E‘]’%_ll}"ll—}-ﬂg /ﬁIF’*;})\iiﬁ‘E ﬁqmz;ﬁ;;*ﬂ LL);L)J_Ié;Jb\imi

fmf

’5‘***5@@”5*3%‘%% - BTG b oita @A G R - KRR 2-3)0ut 4
A APIREALY 0 R TR RA WL E TR AP e L L3
500g it f £ HRFIR G A B A vUREt £ B AR R[35]

EE O P FRRARAFOT AP L LA T o RPERE G IR

W 2-1 45 kB LW BR S 972F R 5 696 GF(RF M FH 5 ¢ § &
)
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al

Bl 2-3 #— FHLFTREERFI I GHES L5 e B AR

{3
Qe
B
e
P
N~
&~
>

BB G2 E - Rk vog
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2.1.3 B i pdik 22 B ifdcdoh &
2.1.3.1 AR A daif 8 Ao e i i BB
A A B R R R G R AL R2][16]0 v P A ] S A A
2.15° ~ 30 ~ 45° ~ 60° & Rk b rauERN JUR RS HR o B R FR LS Bl
60°/F 2 G R F < WIS R > ST FA T R AR ER SR PPTE > &
APRLELNLRFLRE LR THL00D15% RamE2 A1 B ERY 2 424
MEmFTAR G RKEIR2Z R &R - R AP R RR VLR B T 2
Aded B G OATIRFIAI AdT o dRE LI 2 B P T ez A2 3k B o
SRz - LR G PR e AR B2 R AR Y o2t e &
TAANAR A (B 2-4) > AP EH = & B e F a2 2 f (23] 5 (anatomical neck) 2.
AR ER K T 3 (lateral direction)z. & & ¥ 5 200PF i S dR 1 VU A 72 42
b P E(R] 2-5) 0 Fla aAiFE TR VUTI S B E R T FHRGELT S o
TR AR AR R B e o B TR (7 (8 F BRI B pt ko gk Ut
2ATE BT 0 BB L A ik b ve2 Az da bl i BEEE RE o F] L AN i gk
it b B 150 % HB 00 R Y R (T E o Rt R R ave dt h 6 2
s 3 F AR e (] 2-6) -
GAR T g A B o 2 G P 5L E (R 2-4) 0w
PEMBFEZ ORT S w ik & 520005 BB T O R A 4T 2 Az i (R 2-7)
W e gk iR e Pl vh s AR e B R E L Smm o H R F)E_% R
fadp B AR > i) R T i A AT T R (Blhemn B £ & g A)) 0 gt T
Bl A1 RT gREFRSE S 0 mAPER Smm 5 A AR R R E

LR £[10] ¢
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AR Haah e tgatd s o R

=
>
N
-
=
e
*‘-
A
l-‘-
.
=1
i
o4
b

S WS AN TR 2 AR A R R g 5T ()

B 2-5 B GRS e s iBd 2 A ARt o B d Fou gl 225 2d 7
EEL R FERVTE BRI F X R E R APERT < 2E et
FIFF2 B R(F A E R ok T 2w ()2 & £ 2000 5 R 7o b 37 A4y

oo
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B 2-6 MRl G PR VCHL O IE D 2 A FTARLA o K oo BE L s 225

=
¥
[
Qe
1Y

EEL R FERVTE BRI F X R E R APERET < Be etz
FIF 2 RA(F S B P ok T 2w (God)2 & £ 2000 5 R Vo2 b 47 dhde 4y

b o

Bl 2-7 EH- iF-kTmE RN Ty g A &L 20005 5 K e T ovuz_dede i o
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2.1.3.2 AR ve2 A K BrdAndn bl if Hegh2 5

B AR R AT O R IR G B K G AR v kIO
> ATH 8 B~V H ) A ¥R & (unilateral shoulder specimens) 7 B A 2. F V5 R
& FHZA—10° ~0° ~10° ~20° ~30° > & 3 F B & R PFE 4 110N I 120N > & ¥
%gﬂ $cizipl 4 @R E(digital force transducer) & B & % E[10] > A AL p F it 2. K 4
PR AT R R R AR E AN 2 G 5 R G ERETD] -
ARk ez R A R A ¢ R R o B F BRI e T A
F L EH - fF e 2 9 F 23] 3 (anatomical neck) - E A (MH 2-8) 0 i & 2%
Fod - T 0 Bursa B RF ¥ BE(R 29 BFMK 2 LMK
0% ~ 33% ~ 66% ~ 99% % K& ¥ /B4R > T )31 Rl 0 TR Z BRI A W] L

ALK PR SRR 2-10) -
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B 2-8 &} vz 9z F f£32) 58 (anatomical neck) (& & F o BR)E MG F B (A2 F T ou BR)

Rfd - 1A

B 2-9 & Bhia- L4102 Bursa & 22k 2 2 R i S B B

Bl 2-10 % 42 0% ~33% ~66% ~99%4p T @i F ARk HE ¢ KRB

2R R
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PR R ez As e BB o F A EE - FR B Rk 22
(anatomical neck) fd i@ AR I A i F BE P RA- LA o 4R F AT gt M 2
0% ~ 50% ~ 100%E A fieht 5 3f BiBh2 iFE 2k o Bt F Bh2 st b > 38k L
Z0.5mmiE BN 357 5 iFiE Bh(H] 2-11)0 23 4 Rl BB 1 hipiE g

= RURT 2 o SmmauE FAPHEIFR O - i EET 2L Imm s = R

(w,

i iF BhcPiE 38§ (W) 2-12) o F Stk veaj e d 5 F BRI D % B & ] ruig
BRI % &8 Rt B 0 a2 b 2255 Aury ok B o Ltz f 2
PUFE AT % BN el PR AL B RS PR
A PER LT Imm PR TR D EHBNGERRE A < BERDT B
ES REILIY W v D o ]| rE B LT 0.5mm hde TS S R &R LR
BT L A U] o L I B2 E e
BREC] o SER 0.5mm ps LT 0 a2l ook Ak BB A 0 EE
BoImm s LT o ¥ K2 BEBL FRREE XK P b E A 0 ¢ 2
FE R BARER L Y 2 AR R R 2 FER BAEER L RA 2
FrdeE R 0 R R 2 AR RIBLSMm o 1o AR e k¢ KR hif
BB T & (R 2-13) o d ST @k~ § RN 30a 2 g R RE sk
B (] 2-14) X BB B2 BR AT T AL E G R AnEL s L AP
EE- BRI G RER 2 LE - RS ER AT
A r adf Lo PP UL d e NER Y - BiEER s g gttt o d
WF Y L EUF L A ERFER e 3 B (7%sec) 0 & F B BELZ 2 H
BT 2R AR HRIE YL GFEROX P whh A B E L 3B
FEE By P ez h A EBREL 3 BRELE 8 R F R
FLATEEE FP AP e R E BEHEZ E P2 b BB RIS SB

Ao FEHE2 E- 20 N VPR SR RS T E AT AT
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Bl 2-11 B2 L8+ 0% ~ 50% ~ 100%/55 i & (A d )~ @ A (%4 )12 &

R (4 )i Bl 5 v 272 0.5mm(% o PN 2 ) 10 5 B i3 9 4 pek

B 2-12 *fFghz. LG HEE T &S 0 KT 3 %20 Smm ek # Y - i BEEE 0 T

2% Imm(F < FIP 2 45 F) 17 5 = R gegh2 iz 8 g

B 2-13 X% % (Supflayer) ~ » & (Mid layer) 2 2 i% & (Deep layer) i if Hi2hoT R, B
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Bl 2-14 B A 5 4R vovoibs sp ¥ aiie s BB 5§k vorvigs ¢ B4

BF RGP R 9w AC side(XT A % ) ehif BEBE T & o 4ol 2-15 #Fom o AN s
FhAF R PruT A B R BB e 0 XS5 Imm 2 FIE 2 -KkT R Smm
Foo BT - i BiEE 0L Imm (F L FE BLawER > 0 % & gk v ACside
Sif HEREE & o F UL R e E s iR e ACside ¥ E 2 A HTIRR OF R FIE M R

Bz g w TR A L DT A PR R B D 1T(F 2-16) ¢
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Bl 2-15 #& 3z AC side 5if BiBk 2 % (0 FIE) > 424oE B 5 Smm(d 585

[#] Nearr - handles_nca —

File Region of Interest Analysis  Plot

Program State Reference Image Current Image(s)
Reference Image
Current Image(s)
Region of Interest
DIC Parameters
DIC Anahysis
Displacements

58556 mmmmM
S999909075
w0

=z =
o
= = -

Strains

Region of Interest
?

Mame: S5P_1.jpg Mame: S5P_60.jpg
Resolution: 572 x 656 Resolution: 572 x 858

Bl 2-16 + Bl 5 NCORR 4~ 47w B3 5L7 ik 2o gk P vedg 3 L B0 (b € IR engs 3

wm R AFTHE I o
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2.1.3.3 %K K T orude il 2 i BBk

AT g e v L L3 (B 2-4) 0 AT E RS T MRS R
KT Sz %k G 2000 LATAntE o B FE - S F AL A E B X5 R
TokE S Smmies T o GBS 0 LR SR T R A ) R
% BT AR 217)0 0 0 0 F R v A T v R e AR

GRESFE IS B E L NG

B 217 1WA T e BB 7 L S BEE B E R

Smm( )
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2134 R ABEFEE LT

EREEASITY AP FRP G S ETRE T DA E R R DR
ARPF L FRGSEOEFREAFILF AP G2 BT RIF L B2
power law % {8 B J® 4 3 B2 :g\gﬁf‘«éiﬁ@a HILE S R BRSSP ARG AR
A o MEFHFM PR U B ARG SERE AR T T
Bh el o mAPRIAEFT AL BRSNS DT RIL IR L LR ST T -

d A2 Z R LB E > T A AR A RIFR DRl o A PER
7.5MHz % 12MHz ¥ 5 Az § A e P < F > R EFA 53.5cmr Gain & 5 72> 1
Y2E B RAWHOSS G 5 4p #e P cPdg s Bost o vt b ER P F R B F7 R AT

PHROT AR a A PRdEFEFKES 75
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2.1.4 TAKRF AHpFiEAR
2.1.4.1 kRt e ihfe
PLTEORELP R b VU SR 3E 5 dp HE0T AR

Stepl. M4k £ 5 thRRAEALRE- F H 5 T % E B @

\\\?{r

T

Step2. FrAk F LG ¥ LIE500gr L MIFAME T EOR S F oG el
LR R s B (B 2-18) -

Step3. #F BIFFE 3l Ak £ 2 K %+ b pl(superolateral aspect) > T 7 gk b Sk
#h(long axis)err® = i+ ¥ (neutral position)(4- @ 2-19) o

Stepd. Ak EF R E £ B & (shoulder abduction) > Fr P i%-35F 3 84 3 54 5L 8L 0

StepS. & TR i [ L B hedp il BAEY 4L E U T70%sec B A B Kk HE A B &S
BIE A EL R R UER (N 1 ) s d RS G R
AOBE S Sy sk 2 ek £ il 2 e dp i o

Step6. ApFEEALE DI E ¢ P A ALk VK dhg B w 3| Step3. € TR Tl

LN EN 0
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Bl 2-19 $FEE s A/ b b T (7R VUREE b2 ¢ 2 B
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FUTE R R T LR SRE B0 2 4n e AR(R] 2-20)

Stepl. 4= T 630 1 ¥ 5 $E500g4s 0 AL g 90 & -

Step2. #-45 #g2x & * A %@ =3 (Front of the Shoulder)z_ #= # #g + ] » T {7 & #a T sv
W ph o (] 2-21) o

Step3. i+ % w ¢F *g(external rotation) & B & - i 42 ® 4p %ﬁ TR IHE 2 KL
th B - - T S

Stepd. FE TR T BAedp i o AR K 0 uT%ec F A R A M > BT
RAAPEZLEAHEL AT 1 ~4) -

StepS. Ap#EEARF NN K G P A RAEE fhe Rw DL 3 3 EATHIEL )T

B 5 0B 2 B R o

Bl 2-20 =@l 5 A " T ICBAR A B & 0 e de gk B A Y T OB

A5 2 44
av vk aE % BE
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Bl 2-21 MAFEE R 30 A w2 H T (TR T vuuk E fh o

215 FH ol g st

2.2 NCORR £ 6% prghif Be2 v R

NCORR # - # #&* MATLAB fh#gsoif ididl » * UiAps A 495 ¢ &
SEM'sDIC ¥ 18 3| 243 e > B 1 AZAFB 1 2 4 Pl o 47 7 3518 5| 243 hji *
Blexm st A @ 8 EWF U AFHF BFEFFORE AT Ft AR
¥ ¢hig * OpenCV ® &3k jiij2 iE {7 s B3 Bio &gt AL 5 OPT(Optical Flow Tracking)>
FELT AR EHPE RS D RT o FRE Y TR o

FA O OAPREAE R BT TR AL RS BB A
W2 AR A E B ¥ B L wE ~ NCORR 122 OPT ¥ » #F 3t 2 % i

{7503 A 45 o 1T M2 NCORR chfk (774210 & S BUR 3 2 & 1 gk Ve B 5k 38
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# T4 % &) e
NCORR ez 8hif g AL 3t ZNCC(Zero mean Normalized Cross-Correlation)(3¢

2-1)i& {7 4p BE Th Bt B o

ZNGXmm)z%}Z (r(@,j) —1)(s@,j) —35)

ran r¥s
L]

B 2ii(r(,j) —r)(s@i+m,j+n)—5)
CJEL @) — 25 (s +m,j +n) —5)2

v 2-1

AR HT R X IRRBLOEE > T A HP a8 7§ - 1+ (Normalization) -
ERLE A TR T RS L ) TH S E AR T S
rfesh Wiy I ENZFR IR TfoSA N LY FENTHEENE FR S B
R Y S A LR 8 L

#ZFH-M15% NCORR g * jifg » 5 L > & * Jﬂ":h—z} PO kP (H
222) £ ¥ B~ 30 - kg SRR 2-23)0 T - HEEHEA TP R4 2 ROD
R TLROI ez @ o 17 F 23R i % ¥ g B #08 (5) 4o PhotoShop):i& i ROI 7
BRER A7t L AR TP EEHRMALEFE AR 2-24) HmFEREL L

R YR e @ AE LS 2 A B IEE RSP R F A G AR iRk

w

B E 0 B RIT A AT IS R (] 2-25 B 2-26~ ] 2-27) 0 p ko i

F R AN Tode Gk B 0 A ROF O A AT AR TR AT s

TR F R AEF]F A3t ROL enBiE 11 2 247 L S 0 47 P EeR B o
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[4] Neorr - handles_ncorr
File Region of Interest Analysis  Plot

Program State Reference Image Current Image(s)
Reference Image
Current Image(s)
Region of Interest
DIC Parameters.
DIC Analysis
Displacements.

Strains

Region of Interest

Name: S5P_1.jpg Mames:
Resolution: S72 x 696 Resolution:

W 222 5~ 5% B ik

4] Ncorr - handles_ncorr
File Region of Interest Analysis  Plot

Program State Reference Image Current Image(s)

Reference Image
Current Image(s) SET
Region of Interest
DIC Parameters
DIC Analysis
Displacements.
Strains.

Region of Interest

Name: S5P_1.jpg Name: 55P_25.jpg

Resolution: 372 x 696 Resolution: 372 x 696

B 223 #~ § 9
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#] Draw ROI
Drawing Options: AddiRemave Region
+Reat - Rect
+ Ellipse - Elipse
+Faly - Poly
Clear
Zoom/Pan
Zoom Pan
Menu
Finish
Cancel

Name: SSP_1.jpg

ROl Preview

4\ Set DIC Parameters

Subset Options
Subset Radius: 50

T — s

Subs=zt Spacing: 2

Tl —

lterative Sobver Options
Diff Norm CAO: 1e06

Iteration & C/O: 50

Multithreading Options

Num Threads: 2

High Strain Analysis

Enabile Step Anatysis
Sesd Propagsation “

Auto Propagation

Step & 5

Dizcontinuous Analysis

[] Subset Truncation

Menu
Finish

Cancel

Bl 2-25 A4 EE ~ X S (2 k)l %

Bl 2-24 &K ¥

Subset Radius and Spacing Preview
Subset Location:

ROI

Subset:

Mame: S5P_1.jpg
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4| Seed Preview
Wenu Reference
Finish

Cancel

Location of Reference Subsst

Reference Subsat

Name: S5P_1.jpg

-0\

B 2-26 Ap M gt

34

Curi

rent

Approcdmate Location of Current Subsst

# of Gauss Newton |terations:
Norm of difference vector:

Comelation Coefficient:

Thread: 2

Mame: S5P_B.jpg

Transformed Current Subset

]

5.7875-07

0.090258
= 2

= ]
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4| Format Displacements - X

Units Options. Preview
Get Unit Conversion Udisplacement: V-displscement:
Units/Pocel: 0.048875
Units: mm
Formatting Options 1072

[] maseimin markers

0.07
Corr-Coef Cutoff.  [0.0832 .
g JIE 0.065
Apply To Al e
0.08
Lens Distortion Options
Lens Coef: 3 0.055 4
0.058 2
Zoom/Pan
Zoom Pan
Menu
Finish
Reference Name: S3F_38.jpg
Cancel Current Name: SSP_40.jpg 4

B 2-27 = HFLITREENEH /G ERE

2.2.1 NCORR 2 %#% ¥
%3k B NCORR s 845 F 4 (Region Of Interest, ROI)® > H §& Fl %) 5 & b s
2R RPIF R F R (R 2-24) 0 B 247 L SR AT RIES 5 45 12 1 5
i g g o gl b o d U L A G 0 BN E G RB BRR ORI ik
AR FER S BRAPEER B LA R ST H G L ERE R
SRR A B g o AR A Y 0 A 24 2 NCORR 2 5~ 118 % + #
Jo F] 2.3 NCORR #: * Green’s Strain (43¢ 2-1)3* 5 B %3 a A F 5% Q| Ei@ *

TAERE D N (e 1-1) 0 A P A R (7R AR R A 4T o
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1/ ou w2 ov\*

Exx‘z<2ax () +<a>>
1/0u Ov Oudu OJdvaov

Exy‘z(a+a+a@+a@) 0%
1/ ov w2 v\ >

Eyy_§<2 dy (@) +<@> >

60_u du

TSR U X BRIy phini Sl s 5T TN S G Y hx il Ry

$hinif Hlic o 4 4 NCORR 2 4 Sk cni 4o vosE2 3 BRBEENif B340 4 15§ 7

oo A2 2 Vet 2-2:

X"= X+u

y'= y+v 3V 2-2

B R BER ST F RO REHAR Y Xy SRR Xy

AL AT R F R Ve A Xy P e R RS o d V22 F

N e PR

I N A

ppau

P hie A 0 B3 F BT % F M o A & NCORR ¥
R N def) 2-28 0 P H B S 2 Aot 23 o
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E w4 P’(X,o,y’[])
Reference subset ~ @ (4,») t e

Target subset Qx.y)

Reference image

Deformed image

Bl 2-28P g2 Qi s4+ 4 He PLRFEY B PEQ L L ATH

2%
ﬁTléf‘.i;

o £9 PR ARS f2d wg[2]]

Ly Ly
x*= x+u+—A4x+—
0x dy y
ov ov X 2.3
= y+v+—Ax+—4 roes
y'=y o Ax T34y
% %y ar 44 v s s s s du Odu . v 2 3 o
2 XNy ﬁbiﬁTléﬁiﬁ?’U,Vﬁx,y’?’Lllf%’—,%Avv‘"Jr}utLX’?’H;y

VaEXF e Ry w2 HER AX Ay i R O
2L P E B oo

IRN BEBGE G xRy SRS TR

RPN DPT A LN B B LG E B BRRFE R
Bl (ot 2-2) R 2L 5 @bz R R R A @ BEES AR if 5 B i

F2 bBRPHFLVEPHOEH Y AR BRI N hiE Y
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EHE AR E Ao KA BB FOR T o ST ARG R &0 #5823
e 45N 2-2 ¥ i DA e g BigE R [4]

222 A HFW2L LS RE

AN MRS INAE (RSl o EL SR SRR T & NN AV AL
YLE R el R SRE e B B 1 AR Bl (Ar W] 2-30 ~ B 2-31)
YRR B E RN R R R TR R B

F_*

$EEH PF LA T B S 80 M o @ K P T LA KSR IE S P s BEA i
I (NS S TP A AL R ot s VAR T (R RS i g R T L S S L e
Bl b LA he it e 80 b o ] 2-30 22 A~ B A [ LK P T et dednbl g ol
WE) 2-31 20 A B A WG R SR ARdn i 21 8 b i o

BEEAPL GG * NCORR M2 ki o455 Mgk b vovenken % 56385 6 i 8
PLE ST S FRA P T AR R R E 6 g% o o 3t NCORR & 17 5 % PF € -4 17
PRz RBEFBOEHET AR N A4 0 @ K2R AL 2 E B B
SRR FRIT LR BB S-S 0 B K a4 NG 4T (4o Rl 2-32 - [ 2-33)
Vi NCORR =#3A 4= 21 L ER/ G LN Ap R i BB/ T
7 J& %% %% 18 (peak strain) =it i o

Bofs AN B G 2 RIE A T U EL R RS B P K SRR 2
REE TEFARE M GEOBR §0<r<0194 744 fp B 12402 <
r<0394 7 £epM 04 <r<0594& 7% 7 ephl 06 <r<0.794& 7 2
Wedphi i, 08 <r<1. %71 PipME(dod 2-8)c 5% Kion A M T orun F
2.3 3R AAPM Gilicr = 0.564 & 2 ¥ gk A BArd 220 g1 VYR
Rz 3z and f AAp M hBcr = 0808 ¥ 2 Jfrn}@é@é A uArd 2-3 gk v
PR A E el AR M o = 0929 F 2 KB RE B4 BAck 24 g1
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SO 2B R AL AR M lier = 0995 2 2 K Pl Eand 250 H0 h
LR AL B ARR R R 0 95 378% A E A 403 Bl EELAR X
0.19mm(& %% g-% 5 0.046875mm) -

BRI R 2 kB R R L R 2 S e
RRCZAE AR Gl AT G o APR D 2 E Rl RRE
AR AeAp b Bt B Y g R BCE_NCORR 5 3R i bf i S ficie > 71 %
BB OPT cn 53 il e dcie » AgRI v » AP m AL A RR(T23 25
PO G R EEFARE M GBS 2P o g FBANCORR 05 303 i
R EE > FIREEOPT chS vl §if B lcE - SR T 0 A7 Tivhg
FAp B Bcs 0.642(p<0.001)° @ gk b awy &~ ¢ K02 ERE il | AR M R dkcs

w5 0.734(p < 0.001),0.643(p < 0.001)72 % 0.148(p = 0.03) » @ B »+ B — if geZp » &

At

AT 2322 - PHEE e B EOE R B E A S MBS D
TEREMEREAL o VAL 330 H - G EREEG 2 222 B enip EEdE o T
FRRIELP- A

EHT@ AR o A4 M TS G (doB] 2-33) 02 3 22 A

3
B0 2 AL chE Wi R end B2 T 2 I8 £ A U 5 1.66pixel +
19312 1.32pixel + 1.820 7 2 = ;% 2 ABLIY 2 A'BLed $HEEAE 2 T 3008 10 & 18
A4 & w| 5 2.07pixel £ 1.81 v 1.65pixel £ 1.73 o fegk F #%= G > & 37 ehif HiZbio R
2-320 R U R Y 2 R ABRE ANRZEehE i R o d B2 T 5@
3 £ 8 X 4 w] % 0.53pixel + 0.8517 % 0.48pixel £ 0.73 > @ 2 > ;2 2. ABL1Y &2 A'BEen
PRS2 TioiE 11 2 R £ 4w L 34.97pixel + 47.68 fr 24.34pixel + 34.3 o
fR s g @ 2 ko BEEMZ B'EhenE o B R L B2 TioE 2 R E
w4 0.55pixel + 0.961 % 0.62pixel £ 1, @ 2 = i 2 BEL1L & B'8Liiip $4 B2 2
L3 2 R L & v 5 33.58pixel + 49.36 {r 33.23pixel £ 57.45 ¢ Gkt SUE R
P2 P E2 CERMEACHEDE R SEHSEDL B2 TiHE 2 REL N6 G

1.4pixel + 1.4 %2 13pixel + 1.5 @ 2 3 ;2 2 CB.1Z % C'BLeip $EAE 2. T 30 E 1Y
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5 £ X 4w G 28.6pixel £ 17 - 27.23pixel + 15.88 -

APFR AR IUFE DR R 2 A A b Rl L 0 ARG
BT st gk e b R et g 242 v B2 3 4 0 @ NCORR fif B~ ROIL
AP L R TRE 0 B B KDRT 0 R BIGRL T g Rt R 2
o BRI R P R R T e 3R el AR B e B - 3 g
BLP 52 3 EE - Mot S e T IO BiZE L o W5 A P T avd 01,66 B pixel 4
Z gk bl o 1.4 B pixel o Bfd o AR T ond 0 5 IRGIE L R R T A
K2 5 B o G2 20 Sfcdhie 7 OPT 12 NCORR - ¥ % g i 4
FOBE Bl B L r=0717(p<0.001) > 4&cH 2-29 -

SRENMF NP IR AR AR B R A AR A T e
ptoek s Al i NCORR 12 % Sk jij2 2t B P T avendy (s pF 4o 2-6 > m NCORR
PUE Sk imE N R eehd FPERY & 2-75 & % NCORR 84 (7 p5 ¥ i + » OPT » o
*» NCORR & Fri— B EHREIT: 2470 % m OPT P|H_12 - B K38 F% & ROI(AF
B R R 1717 hF R A RN DETER) e AEF L RASLE o
SRAATIAREE D H T L IR R AP HREERE LI FL A A

WEA 47 2 S B B i
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OPT(%)

NCORR and OPT PCC

NCORR(%)

B 2-29 NCORR £ OPT 7% 20 R A 4d 33z 2_
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30

20

s l

Strain (%)

-10

0 20 40 60 80
Frame

Bl 230 P BlGA R T SEEHEOREEH RSB 2P A LA

"

Ttz Aehat A G BRI S A v B bt E G o HY > BEpiie ALl B B

(peak strain)
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40

30

20 '
g — Surf
c Mid
2 10 = Deep
w

0 [

-10
0 10 20 30 40 50 60 70 80
Frame

Bl 2-31 FRAER IV e CEBFORFEEPRF R Y > A SRR
Z A R BBl AR Bk HiE e o HP o BEpieAs % B (peak

strain)
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Tsai
not logged in

— -— =~ T "
e —— ":w- : 0 12

i

B 2-32 Blawt i3t LB 2P AEA -BEB ~CEC A B K&K

LR R EE T
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Tsai
not logged in AM 12

Hos

106

q04

=02

0.2

B 2-33 Bla A TyeBdr LB BPAEA R R R ™ T yuaig ik o

SSC Peak Strain
Case NCORR(%) OPT(%) err(%)
1 7.38 9.34 -1.96
2 8.43 5.81 2.62
3 7.70 7.52 0.18
4 6.16 5.77 0.39
5 7.55 6.08 1.47

F02-2 At skihiE 2 prEhif Bi2? NCORR (s %% A 7.5 % o err gt 4
NCORR J& % &4 OPT i % & - OPT:Optical Flow

Tracking,SSC(Subscapularis)
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Surf of SSP Peak Strain

Case NCORR(%) OPT(%) err(%)

1 16.02 19.80  -3.78
2 20.59 2190 -1.31
3 17.51 2053  -3.02
4 23.03 22.64 0.39
5 21.60 2232 -0.72

# 2-3 AR E 2 maEhig B NCORR g %% B A 7.8 % v err gt it &

NCORR J& % @2 OPT e % & o OPT:Optical Flow Tracking,

SSP(Supraspinatus)

Mid of SSP Peak Strain

Case NCORR(%) OPT(%) err(%)

1 13.28 12.94 0.34
2 12.10 13.89 -1.79
3 7.42 10.80  -3.38
4 16.59 16.70  -0.11
5 16.21 1491 1.30

2 2-4 A kaiE 2 prERif Hie? NCORR ehfis %% 8 4 455 % o err gt & 4

NCORR & % &4 OPT i % & - OPT:Optical Flow

Tracking,SSP(Supraspinatus)
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Deep of SSP Peak Strain
Case NCORR(%) OPT(%) err(%)

1 -9.09 -11.98  2.89
2 -7.24 -8.19 0.95
3 -7.92 -6.30 -1.62
4 -5.78 -6.08 0.30
5 -8.49 -10.02 1.53

#2-5 At skihiE 2 prEhif Big? NCORR (i %% A 7.5 % > err gt A 4
NCORR & % &4 OPT i % & - OPT:Optical Flow

Tracking,SSP(Supraspinatus)

SSC Excution time/frame
Case NCORR(sec) OPT(sec) Frame

1 32.6 0.0017 75
2 56.3 0.0019 80
3 40.9 0.0022 80
4 45.2 0.0015 75
5 43.7 0.0015 80
Average 43.74 0.00176 78

% 2-6 NCORR ¥2 kjm 2 3t " T ovy 38 5 pF VL di
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SSP Excution time/frame

Case NCORR(sec) OPT(sec) Frame

1 40.3 0.0017 75
2 48.1 0.0019 80
3 60 0.0024 85
4 41.1 0.0018 75
5 44.5 0.002 80
Average 46.8 0.00196 79

# 2-TNCORR ¥7 & jin 2 ¥tk _F 9oz 38 5 PR L R

Correlation coefficient Value
0<r<0.19 Very Low Correlation
0.2<r<0.39 Low Correlation
0.4<r<0.59 Moderate Correlation
0.6<r<0.79 High Correlation
0.8<r<1.0 Very High Correlation

% 2-8 AFAAnH il A&
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2.3 st

B T aud A A NCORR 2 2 OPT ehv Bk b 228 4 f fdn B (% dfce
R TF“’:“%gﬁﬁ‘»” EEEY LUERT LRI AIHEEFERIER SN
By E T EE R R L R R R 95% i (7 = 4P B % fi(Intraclass
correlation coefficient, ICC)en# £ R[{E A 45 o Befs AFFn 2 FEP {2 MR E
R BT LT ) gk iR 7 A B 4R 0 & % 03] £ random effects model ©

fgR b aed s A A NCORR 12 2 OPT enw B~ i@ 228 4 & A Ap Bl (i o
FoARR e B OER LR o ER Y "‘v?%ﬁ G EH/ S EHRIITLLAITHRE
AR EED S PR LA ERI R LA THENEERL UE AR
¥ % B 95% > &7 = 4p B % #ix(Intraclass correlation coefficient, ICC) % & ||+ 4
1T o Bfs > gk P VU OER UL S BR RS KDL R BRI AP
BS ERFFLZLAFH R B RS EDR S IR IFL L8y, ® Y ORCR AL
random effects model » 17 F #73 %3t 4 47 % 1 * $ick8 SPSS 22(SPSS, Chicago, IL,

USA) «
2.3.1 %> #7 (random effects model)

PUBREA] K A AT Bk =x p’f?iﬁ TR R AL BBk =
Hh B ood AP AT T R Ak R R R L L AT R

PR PrT L RRE A FRe D FARE TR PR A g E

b

& (common true value) ¥ 2tvie— > @ §_ % I ¥ it 4 % (normal distribution) - %

J& T A7 iy At WP PR b+ o D g R ERIME 2 S E R BRehk B 2

e iR g TR 07 (random effects model) (F 5 4 47 o
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Chapter 3 & %

3R R A H

d N ApiEEARY L 6 FIFEE AR P AR LA AL R v e d
HR AT T IR éfc:}i“f PRRFARGEFAIT RS p A rhE G 5 ¢
& 2 g} 9“%? s %A ¥7 o A w18 $5(concentric contraction)fF » 3tk _F ik

FEPZXETEBY S LHE ANTIOREE E 51877 +3.13% 0 fgk oLl

i

SR R EREY S LR LTRSS E S 1415 £3.64% 0 R e B E R
22K REY S L LT IEREE —9.27% + 4.094: ﬂﬁ}@i‘% 4o 3-10 d ey
AAEE T OUF AR S E OR T 15 B BT 0 F L g1 R B E R AR

2% R I9E PN AR B R R T B ST ﬂﬁm%\%l‘(iirgl 3-1) e

GT side of SSP peak Strain during CC

Pitcher Pitcherl  Pitcher4 Pitcher5 Pitcher8  Pitcherl0 Mean+SD
Supf 16.19% 17.80% 21.06% 17.81% 21.01% 18.77+3.13%
Mid 10.71% 14.16% 13.66% 14.45% 17.78% 14.15+£3.64%
Deep -7.20%  -14.34% -8.52% -4.56% -11.73% -9.27+4.09%

SD of Supf 2.34% 1.75% 1.17% 2.55% 4.33%
SD of Mid 3.17% 2.58% 2.13% 2.69% 4.43%
SD of Deep 2.29% 2.51% 2.51% 1.98% 2.24%

Z 0 3-1 T = E 2Ry kP ks RE 2 R¥ B %, GT: greater tubercle,

SD:Standard Deviation,SSP:Supraspinatus, , CC: Concentric contraction
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GT Side of SSP peak strain during CC

30.00%
25.00%

20.00%

15.00%
10.00%
5.00%
0.00%

-5.00%

u Surf

= Deep

-10.00%

-15.00%

-20.00%
Pitcherl Pitcher4 Pitcher5 Pitcher8 Pitcher10

Bl 3-1 7 =32 375 S& 2 gk ooy %" %}/F% B s iR PEZ RPE B

Sut B >0 GT: greater tubercle , CC: Concentric contraction, SSP: supraspinatus

gk s A s 38§ (eccentric contraction) fEF 0 2N P9 LB oL 3F 65 4R 10 R R
oo gk IR R S L L A TR EE E519.07 £2.50% 0 ekt
L2 P R REBY S LR E TS E 1176 2.26%(F 3-2)0 @ Rk} vz
AR S P E DTS 3.89 £ 1.90% 8 W R B S X SUL RARS
oo g NG R B e B T B L B e E 6 2 5 P
Folcsgend & 12 EMG & 5Lig & 07 B[22 A PR 5 SR B A5 F A o
AT G o R P R LR R R R AR A S A R
PR L REE B ARk LB R B AR 32 ek s K 2

TR EL Mgk B G Y > £[16]
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GT side of SSP peak strain during EC

Pitcher Pitcherl Pitcher4 Pitcher5 Pitcher8 Pitcher10 Mean+SD
Supf 19.94% 20.82% 14.61% 19.64% 20.32% 19.07+2.50%
Mid 10.46% 15.18% 9.18% 11.59% 12.37% 11.76£2.26%
Deep 3.72% 6.26% 1.12% 4.86% 3.49% 3.89+1.90%

SD of Supf 3.10% 2.52% 1.97% 1.89% 1.22%
SD of Mid 1.73% 2.29% 1.02% 2.45% 2.03%
SD of Deep 1.75% 1.59% 0.81% 1.87% 1.67%

1032 T BRI R K AR AR TR RS B

SD:Standard Deviation,SSP:Supraspinatus, EC: Eccentric contraction

25.00%

20.00%
15.00%
10.00%
5.00%
0.00%

Pitcherl

GT Side of SSP peak strain during EC

m Surf
u Mid
W Deep

Pitcher4

Pitchers

Pitcher8

Pitcher10

Bl 3-2 T 22 54 SR RIS R Y R R RR Al ThE L RS B

LLztB 0 2 ¢ > GT: greater tubercle , EC: Eccentric contraction

B gk b ez AC side S A T AP E R N - R EABEU(H 3-3) -

¥R ACACside s & 2 ¢ R TI9R% 5 —5.26+11.89% 1 2 —0.67 + 11.06%-

dt R BE S o ARG PR R 2

BT RLF L T o
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SSP AC side during CC

20.00%
10.00% ﬁ

o 1 I _ l
-10.00% B Surface

Middle

-20.00%

-30.00%

-40.00%
Pitcherl Pitcher4 Pitcher5s Pitcher8 Pitcher10

B 3-3 #&k »~ACsside 2. /& % % & 4 7 > SSP:Supraspinatus, AC: acromion, CC:

Concentric contraction

BEFOAPHDRI VR CER U e @R ST ELE LT PL R
EEVRQQ R ez e iE Rl e o A K FNLEBEF R
WHRIN AT A MY RS o Pl Ry LR S R Rk
o TIPS ek p7 S A Eo# * random effects model o Agk P v m oL iF B
PR vl bz £ R 3-40 gk e o iEd Y o gk ed o k2 4
R ide®] 3-5 w2 Fn@h Y Bk T s LB LG LR 4(p <0.001)-
Mgk P O ER UL e s BR R AR BRI R Rk R ERR

% hoB] 3-6 B 3-7 4% B 3-8 BRET o iR IUR R N2 FHHG T

ENFRLAR > apled R ERSIREERLLE -
Bofdo kR el K 2 TR R PR EGE T A HAp B AR R

PR ez N kP R LR R s B % A ] 5 o1 = 0,939(p < 0.05) r = 0. 573(p

53

doi:10.6342/NTU202203362



= 0.312) %2 r = -0.32(p = 0.599) o 2 i A gk b yuR ko P ki TR

U BB A A B UEIRE T ASIREFRAAM -

SSP during CC

30.00%

ok ok -
25.00%

20.00%

*dkk

15.00%

10.00%

5.00%

0.00%

-5.00%

-10.00%

-15.00%

surf mid deep

Bl 3-4 wt vt @R L S k2 Bl B4Rl o B9 > SSP:

Supraspinatus, CC: Concentric Contraction °
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30.00%

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%

SSP during EC

% % %
% ok %k

% %k %k

surf mid

deep

Bl 3-5 gRbyengp @it o k2 Bend B4R o # ¢ > SSP:

Supraspinatus, EC: Eccentric contraction
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SSP surf layer during CC and EC

35.00%

30.00% NS

25.00%

20.00%

15.00%

10.00%

5.00%

0.00%
CC EC

B 3-6 gkRbPrez R R Ao ERME @R L B o B Y 5 SSP:

Supraspinatus, CC: Concentric Contraction, EC: Eccentric contraction, NS:not

significant °
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5. 00% SSP mid layer during CC and EC

LE

20.00%

15.00%

10.00%

5.00%

0.00%
CC EC

B 3-T gk by ¥ g hfpei@® i v l@d L Bt o HY o SSP:

Supraspinatus, CC: Concentric Contraction, EC: Eccentric contraction, NS:not

significant °
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15.00% SSP deep layer during CC and EC

EL 2

10.00% ‘

5.00%

0.00%

-5.00%

-10.00%

-15.00%

CC EC
Bl 3-8kt avz Rk AL CERIE » SEREOL RPN o B¢ SSP:
Supraspinatus, CC: Concentric Contraction, EC: Eccentric contraction, NS:not

significant °
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3.2 fil]f‘r'%;‘;w?t f;u]f—?%§9\;g T RUR A 5

10 FH AR S APRE RN R E U HER DR LE R ER
IRy pa—rsmi,’;.“—?%ﬁﬁg\}f;.jf—?%ﬁé AT o5 LI Lk T
U R R EA AR T T N E FF P 4 5 5882+ 269%1 - 18.69 +
3.07%(4c® 3-10 ~ & 3-3) T IA FH2 £ (p<0.001) > 4B 3-9-
BEAPRFEY 2 Rk TORRE ER AR FAAMETE > 2%
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