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In—-vivo Strain Measurement for Surgically Repaired Achilles Tendon
under Isometric Contraction Using Real-time Ultrasound Imaging
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PRI E AL -
[REEIA] s FNLR JUUBE; BRAE; A2 A8, S

Abstract: Achilles tendon is subjected to great stress during human locomotion, and hence its
mechanical properties are of great interests especially after rupture. During rehabilitation, the type
and intensity of exercise are important and crucial to prevent further damage to the repaired tendon.
Therapists usually base on clinical symptoms such as swelling, signs of inflammation to determine
whether the given exercise is appropriate or not. In this study, ultrasound imaging with a 7.5 MHz
linear—array probe was used to study the strains of the repaired Achilles tendon during isometric
contractions. Six male subjects with age ranging from 28 to 51 years old were recruited and their level
of rupture was 2 to 7 cm from the insertion of Achilles tendon. They were tested 12.8 + 1.3 weeks
after operation. Their healthy legs were used as control. In addition, three healthy male subjects were
recruited to test the differences of the tendon strain between the dominant and non—dominant legs.
Ultrasound images were obtained along the Achilles tendon at the level of rupture site in-vivo under
isometric contraction using Cybex 6000, which also recorded the torque of gastrocnemius—soleus
complex simultaneously. Ankle—foot—orthosis (AFO) custom—made for each foot was used to secure the
consistent alignment between the ultrasound imaging plane and the tendon. The strain of the selected
part of the tendon during the contraction was extracted from the ultrasound images. The ultrasound
measurement was validated using an in vitro experiment with porcine Achilles tendons together with
an optical imaging technique. We found that the strain at the repaired site after rupture was 14.8% =+
12.6%, which was significantly (p = 0.017) smaller than that of the tendon at the contralateral healthy

side, which was 23.7% + 12.7%. Future studies can focus on the strain distribution along the tendon
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and how the distribution changes during the healing process. This research may provide information

for therapists to select optimized exercise plan for patients during their rehabilitation process after the

repair of Achilles tendon.

Key words: ulirasound; sonography; sonomyography; tendon; Achilles tendon; soft tissue; tissue elasticity;

elastography
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ZA A7 B AR 27 A BRI, AR R R 5
X SEIR A5 52

A EME MR 30Hz, FATEAUR, H Cybex RER
LM EFEWES, HE A (Premiere, Adobe R G0/ A,
FEE ) XTEUGHEATZEWIRIZE . BUR B e S T i IR
R RS, FEE H B BT 12 Sl I A

18 2011455264 0581 VOL26No05

(Ultrasound Measurement of Motion and Elasticity, UMME, %)
Zheng %5 A 2006 ; Shi & A 2007 ) HEfTIRSpE 4. K
3R TAPERO A, B ] A A S EAR ER
A A UG X 2 A (375

XAyFALROIMEE @sE@ FHEEE0

ER— IR EMEEE S

Diplacanars TR0 o

|

sl el B WMNWMM
Z2HET

= rm::u, )

Eﬂmmmﬁﬁ LR AME 0 BA T BA GBIV, H0
W A A AL AS IR IR T 2 e AR AL, mRidat — AR IR E v it
1.3 BENENHERIERIE

R AR AR 2.2em, 552308 Y 2R )2 U
R, IR e bs R RBcHE . S BEHLE O iR i
A5 5 YRR A 2R S RO bR R RO R RO b 8
H T LB A P R SR A ey, R b L A o g e
HAHE SAL R FHERTICK

NARSEIH, 345 X0 5 R 75 114 R 7 72 ) A
PEATRAIN G SR, LR A R ) T SR v 1 R VA
o MR, BCEERY R RGE A AR ET - [EE AR . Y
PR TH A A IR, 4 A PET AT R TR R R O
Tk ) R RS T B RE A BRI RS
B I Je H S e R RIE E . B 4 G R i 52
AR RN R R PR, AT SUB IR R R BT
AR SR S5 BRI, 58 A SR ASORE % 10 S L




E it

AR RGPS o 75— 5 B B ARO[+ P45 £ FULe 2 v
RINAE, N B s AIC T EHE B

B4 BiEAE = UK B K A A e R R

HARRBRE U tmm B, $RAEF RO IR, 5
Borrb,  UBEHE i 2o A 4 P PR S S AR BER R I R AT
P 65 BEAGALIC SR (9 5 A0 DUl ] WL A PR AR P ) 24
PSR BERE e AT, ] UMME $/E2 iAo

SR AR P B I R - RO Ik AR Y
PRAEEIIEIEE RS (T3S AR AR AT B BEA TROHE ).
TR AR ORI A B SO IR ET T
AL, Ao 2o R PR R T 1 AR i A ) X
PIL B AR S A R BT Z IR A
1.4 BRSO

(b)
B5 16 SR 4 AT G 0948 5 AR, () AMEERET, (b) A ks
Bo BRIEHmad, DAFRBRIZE 2 P RS X IR S 6 45 3B

B, difed2h F KM SR R IR1EAE, mHZ £ Rpicys
HEALEI2

R A B2 L B2 108 ISR R 31 15 21 10096MV C
HKATF . 1 S i U AU 100% MV C X R FR %1
5B UMME $/F (E 3 R ) DA R RGN o) 7 v
RIS . N e HNEX

.= dl—d?2

D

HorpdUFnd2 SR g R R, PR B 11 BT DR BRI
MR IR, DO BRER BT O R RR BE B, W&l S
TNo

g P AR i LR (6 B = R P8y, 22
PAPEAG A7 8% IR B B AE S S b i FT S R A G R AL
(Intraclass Correlation Coefficient, ICC ) F A TEAY &5 2H 51 48
FURTSEPE S BOXT ¢ A6 30 43 BT 8 52 BRI I 28 18 B4 R o 22
WIS SZ 0 MR 1 22 5%, p fH/N T 0.05 8Ky
HAREESR.
2 HRE
21 BENENEEMERE

(b)
BH6 B R ImmATG 048 5 B, B PARMSAL T
R P AR T AR R RO A e S g R W . M
FIHREE 2.20m I, 7KF )5 1) B R EE MR R ALY T
0.125mm, &l 6 o 1 AR5 A8 LG A 7 Tl . R
S A BT AR 19734 R® 24 0.953 +0.038,  Lnnf&l
7 HR, A RAFHIZE AR G

20114E526% O05H1 VOL26No0s 19



-
S
|

y=0.8434x%-0.01 o
R =0.9628

-
o
L

o
®

o
'S
|

Deformation measured by ultrasound {mm)
o o
(] (]

0.0 T T T T T 1
0.0 02 0.4 06 08 1.0 12
Deformation measured by optical method (mm)

B7 577 kAR E o kA0 T R LA RAFEG R X R
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