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DDFT : deep digital flexor tendon, 748 i i

K : kappa coefficient, 71 v /&%

MIZ : maximum injury zone, I KIEEHRNAL

MIZ-%HYP : percentage of the injured hypoechoic area per total cross-
sectional area of the MIZ, MIZ (23515 5 SDFT EirmfEic 5o A 1k—==2—m
BN 5 8O D EIG

ROI : region of interest, B&.CofEimk

SDFT : superficial digital flexor tendon, 5 fij g

SP : standoff pad, A% > KA 7/ /3y K

WT : water treadmill, V +—%— kKL v KI /)L
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7o, BEW B E— FRE Tl Lo o — X, IE 2 » HRLEICE
WTHEREEDBD DN oTed, BEKTT A N7 T 7 ¢ & Takil L
T BFFHIERL KO b LA UHIERIE 3 » HRRURBRICAERZ(EDRRBO b
Too FRIZ, FBIE 6 ¥ HENORIE 9 » ARIINT THERZEMDRD LNTZD
E, BEEZIANT T T ABEDA LA IZ R DDA TH -7z,
ARBEIZBWT, BIEERITMM ThH 72 A LA s FIED B ORI
W2 TEF LAEZ T BEERTT A N T 7 o AL, BIEICE
7% 7~ SDFT OARWAHARTREE DS, BRFFRIIC B/ 52 & 2R DT LN TE
HEEZOND, MF TR LB | IIREMERZRIET D & BEBITRS
i< WagaZaRi& & 72 5 725(11, 35, 42), B & & ITHHRIRE 23 (115 - 2 (62,
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UEDZ Enn KBEIZBWTHBERTT A M7 7 &Y~ &
W 9% % FEIE L 72 MR R 0D ALK SR BE D [E148 A i EIZREIi T & 5 & B2 bz,
JEBIHARRR O SR PHICIX, BEH T T 2 N T T 4 REOEEZEE B
TA M UA VHORESRAERE L LTI S TW D IR D 72
W, AR LA e VT2 E B 22 ATl 2 BT R LS L T H R T E D K

48



T DO AR CTHH L7z —E0m X 243 25 H SP 23Bi% X i=(117),
b NERARSEIR TIE, ZOHEM SP AL L THWD Z Ltk o
T EWHRENEEMEICTA ML A U HERIET D 2 ENFHERTHHAT), £z,
U IO N OEEIRRIC T OBER =T A N T 7 A REICBWV T,
SPZ7u—7IZEETH LT, 2T AN TN EL G252 70, K
J§ L OB EZ N B, BEREGAEET SRR H 59, 10, 29), A=
ICBWC HASP 270 —7ICEE L TSR I AN 77 s REZ2EM L
T2 &, FRINDOEEMNRIBIETHOLA ML A VHOZELTEHEL IO
FWEBOE 2N ET L LTS LEEBExZ bR,
i B E— NREE ) HIL S D= 2 —EIT, AFTEE D O IIE
2 AT THER EABGERED S i, TR LBEIT AR bk do
7=, SDFT B{GHOERICH > THREFO = a—EENEET D 2 & B3 HiE S
NTNDHB9), ZOELEBETHZ LTV Y T —va v aHET 5 L
THEEREEO 2L EZ LN TNHA8), UL, AEORERLHELIL T, %
SEDND 6 3 B F CICHEER O o — B A JE P Ok Rk & R IZRIE T 5 2
&R0(59), FEIEN HIr A DRI I THIGE O = = — i A3 I
D2 ENMEESNTNDHB5), —H, BEMOT a —@ENEIET L &, Ll
REIEE OET 2R TR L LTRIAT 2 2 L3 LV, 20—F BEKT
A NI T T 4 REEBRDPLFHISND A b LA VHDFIE 3 A% A
L2 &l BIE 3 » ABRNOIIE 6 » HZB L OFRIE 6 7+ HEDDRAE 9
H%Z T TEAE S 2 BGOSR E BT 23 -MiICE L T  Z &R L
TWo, B MEZIZBWTY, EREE L 2 OB PFHICIAET D EF ko= 2 —
FRENFREIZ 22560700 HESZXHTERN I ERHEINLTND
72916, 29), MEWTT A N T 7 4 B a FVWT T % L R RS o ARk R
FEDRIE ZFHET 5 2 L RIS Tun 5 (D),
bz ent, HEROEERRBITBEKR-=F A N7 7 4 MEICELD A

49



RUA VD ERERIZEL T 52 LICX > TEBINDOERMICIHECE 2 &
ZZ DIV, FHC, = — O [EEIC K DG O T K I 7 D FAE 6
RA%NBIIE 9 » ARRICT THERZ(EDZE O bizDld, BEH=7 X K
777 AREBEDA LA L DDA THoT2Z Linb, UnEY T —
va g, BEE BE-RFRALYD A M LA I K DFHIAA AT
o LEZEZ DN, BIEBMEREZRBE LR ERDO Y ALY T — a V%
TIHREROE(LCHRIEN - L 2 572048), BEHR =T A NTT 7 4 itk
Z IV CHERRGREE D [ 2 EWIAICRIE§ 2 2 L NHEETH H LB R b,
ARETHWCBEERTT A 7T 7 4 AOAMRHEET, FEME HE M
WRIFCHY | FIE 3 y AR ETERIE 9 » AROBEHO 7 L— RRFEIZ
Bip o T, RGHRRICE R SN GiE 7 L — R8T 2 B2 30 5 1k
(X, SRR AT B O B E A B & T BB DI DR S IR
BOREEZTMT 2 Z LN TE L7, BRIGICRT 2 A RS T
W5 (13, 33), EEMZRA N LA U EDIF S 2, S LMD b 7Bl
ZINEY T =2 a VEIICBWTHEBINICHETE 2720 Th 573,
B PR B 81T 2 i 20 3P 575 & L CafsHMiikixflic& 2 Th A 9,
7~ ORI T OB IR L BRI 2 N T 7 ¢ A % FE
L7EFEIC LD & R A% L35 L0 bAELZIZ )2, MERBOT
—T 4777 FB3PRNEB3), £, H1EIIBNC, BERTIANST T
&% v~ SDFT (ZJSHT 5 1T Btk oo B 2 @ U 3R 2 72 91
. BT LD T =T 0 77 7 PP RWRHETE A E Y ThHDH Z LB B
2725 TS, SHIZ, B MTHRLABEICKH L THEEEZ T A N 77 1t
fEA LR RICBNTE, e — T2 |ZEMI T 2N TEXSH79D
(2. BEHAR IR 2B T M L0 bR OE 0 DEERT= T A NS T T ¢
BRI LTV D 2 ERHE I TWD(A3), RFEIZIBWT, XIGUERF 0 [ Fiffik
X AHZEEPAMSNTRETEER =T A T 7 ¢ itz 3240 L, fithr

50



HaEZHAWTEEBFHMh L2 &%, 7—7 4 777 FORAEZIHITL72DICH
HTholobBX NS,

BERTT A7 7 AT, fRICEEL B2 58028 @80 6 0
(14), 95 L7z BE2 BT D2 RRPLETH H(13, 29, 45, 52), FFITHEN
REWVERNIZSHY , —DF 7 m—78EIE. b 52X ROl ORETH H(14),
KETHW~v=aT7raryF Ly a FROBERTZTI AN T 7 4 B
TIE AFIC L2 7 e —TEAECRHEGMMRICE N 2 52, TOESLZFHL T
5o ZDTH, HRIOKBEIZBWTHE X DENZFREICT H20ENH Y | R
NZFRNFE TV ENTRET HRETHH(04), FLBER =T AN T 7 4
A CRHMIi SN A SIL, =T A N T ANEBICAFTET DMk O FE XY 72 B 2~
IZHASWTHESND, EDID ERICRLDLIRESDOTT AT T LxH
AT 5L, MEMBICEELZ 52 TLE 04D, KETIEZE O LB 2 BT
DO, B T FLVARIKTDEEWTT A 7T 7 4 RAEOHZE THAE
S Toxtk & FERIZ(B2), —~ ANORBRE N TOBERMBAEL Kt L, AT
rit— LT, £l AR 7 e —TBENR—EDOENITe D Lol BE
DWHEEE OB IR R SNDIENA vV — 2 —%5F I L CGRELZ10, 14,
29), TF AR TLAOREIICHL THARETIER —ICRD X OICTOREL
7o & NEHRICHT A2EER T AN T 7 A RETIE, S GEHK— Lz
fER. A b LA VEOBRBENEEER L OMERGEEEN R TH -7 2 &5
W TWbHEB), AT, KAETIE - EDOH X TH DA SP 245 Rk
WL L THHATAZEIZE ST AN VA VP HIESN D280, Bl G
TTANTTT 4 BREEG THESNIZA LA VAT D 2 L3RR
HHAT, ULEDZ &b, KETEIEEFKRTI AN T 7 4 REICROHNLD
B O EREIC RS T 5 Z EIC ko T, MRICH X2 EZRWT 5 2
EMTELEEZIOND,

AREETHW R BIEGNIFER IR A HIE TR ES Th o720, HE LK

51



TR O EL A R R IT TG T E Ao 7o, L LS b Bt GHERI O e
JE SR DHRGFEFE & BN IERFRE TH VY . 2 TOREGI DS BLE DIES)
TarT AEEER ERTEEZ LD, EFIMIZE T 2 BESOIREIERE
ICRERRIZVITRP T EHRI L TV D, KETIEERANZR) Y T —v
3 RFRIZ IS T D G ORI A R IZ [T 3 DRk AR 2 2 &1
AEETH SN, MERTT A NS T 7 ¢ A TR S A7 RLKBR I & B
R R R BT FI9E 0 BRI X D M ER A 2 B 2 B & NS B 7
WX, BRLMFEHENBETH A9, £ 9 LIWFHEIC L > T, BEET
F AT T 7 ¢ A TR S AT AR AR TR & O RRIRE O RIRNI I B & A

D, BERTT AT 77 A REOKRZRWE LI BT T— 9 Ok
ERFRBIZRDTEA D,

ARETIE, BIEEEGRRZRIELZ THEOY T 7 Ly FRBAERZHAVT,
SDFT & OEEIBRZBEN BE— FMRELBERT I A N T 7 B
O E WA THlkie L CRMId 208784 i L7, £ OfER, BEET 7 X
N7 4 BAEIC L o TRHI T & 2B BN OEBMRIEETH DL A M LA
Heidk, EFEFEME L0 bR BE ORREAY 22 A1 &2 3l 5 2 L S FRET
bole, BEK B E— FMRAETIIFHMOT 2 Z ENRERY NV T—2 9 1%
BT 2BEMOEE Y., BEKTT A N7 T 7 ¢ AR E OBLR D
LI 5 Z ENARETH o7, FIC, BERTTI AN T 7 A RED R LA
VTSR, FIE 6 4 HEORIE 9 4 ARICHNT THA U S BIEH o BlfE 2 5F
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Application of sonoelastography for evaluating the injury of an equine

superficial digital flexor tendon
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An equine superficial digital flexor tendon (SDFT) has a role in acting as
springs to store the elastic energy for efficient locomotion. Injuries of SDFT
in racehorses are commonly seen because of repetitive speed cycles over
distance. Clinical findings of the SDFT injury are swelling, heat and pain in
the palmar metacarpal region. Cause of the SDFT injury are thought to be a
physical overload and/or hyperthermia in the core region of the SDFT. Acute
inflammatory response disrupts the tissue structure of SDFT. The restoration
of the injured SDF'T is slow and the linear fiber arrangements is progressed
by one year or more post injury. The SDFT injury in racehorses are at high
risk of recurrence because the lesion is replaced by scar tissue, which is likely
to be weaker than the original tendon tissue. Recurrence of the SDFT injury
1s one of the significant cause to reduce the value of the racehorses because it
is necessary to rest the racehorse trained for returning to the race. It is
important to reduce the risk of recurrence by performing the rehabilitation
(as controlled exercise program) which can optimize scar tissue formation and

promote parallel fiber alignment of the injured SDFT.
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When rehabilitation is carried out for the racehorses with SDFT injuries,
if the exercise load is excessive than the allowable load amount of the injured
SDFT, it causes reoccurrence. On the contrary, if the exercise load 1is
insufficient, the injured SDFT cannot promote parallel fiber alignment due to
the inadequate exercise adaptation. It is essential to evaluate the healing
process of the lesion in detail for safe and effective rehabilitation.
Conventional grey-scale ultrasonography is widely used to monitor the
healing process of the injured SDFT because it correlates with histological
findings. Conventional grey-scale ultrasonography, however, cannot
assessment the healing process in the late period of rehabilitation because of
the recovery of echogenicity in the lesion until the late chronic phase.
Therefore, a new indicator is desired for successful rehabilitation even during
the late period of rehabilitation.

Sonoelastography, which is an ultrasound-based technique that can be
used to assess the stiffness of tissues noninvasively, is used for human
musculoskeletal applications as a promising method that can evaluate the
mechanical properties of muscles and tendons, including the assessment of
Achilles tendon injuries. Sonoelastography may provide more useful
information as a new indicator that can evaluate the healing process of the
injured SDFT from the aspect of the mechanical properties and it could be
helpful to optimize the rehabilitation of the racehorses with SDFT injuries.
Although a few experimental studies have indicated the clinical potential of
sonoelastography by analyzing sonoelastographic images of equine SDFTs,
further studies are needed to clarify its clinical value and to enable it to

become widespread in clinical practice.

80



The purpose of this study was to investigate the application of
sonoelastography for evaluating the healing process of the SDFT injury to
provide the successful rehabilitation for racehorses with SDFT injuries.

In the first chapter, the sonoelastographic appearance of the injured
SDFT was investigated as a basic study. Both of the conventional grey-scale
ultrasonography and sonoelastography were performed on three groups (n=6,
each group) of horses at different lengths of time after the SDFT injury as a
cross-sectional study. Although there were no significant differences in the
echogenicity of the lesions between the early chronic and late chronic phases,
there were significant differences in the sonoelastographic evaluations of the
lesions among the acute phase, the early chronic phase and the late chronic
phase. I also clarified fundamental setting of ultrasound and imaging method
for applying sonoelastography to an equine SDFT with injury.

In the second chapter, the objective and quantitative assessment that can
be used in sonoelastography to evaluate the progression of the mechanical
properties in the injured SDFT was investigated for increasing the usefulness
of sonoelastography which was shown in the first chapter. Both of the
conventional grey-scale wultrasonography and sonoelastography were
performed in seven racehorses with SDFT injuries during the 9 months
following the injury as a prospective longitudinal study. Strain ratio, which
was derived from sonoelastography and reflecting the mechanical properties
of the tissue, could be a useful objective assessment parameter in the injured
SDFT, even when the echogenicity of the lesion remains unchanged from a
few months after the SDFT injury to the late chronic phase.

The present study demonstrates that sonoelastography is a feasible and

noninvasive modality to evaluate the equine injured SDFT in vivo. In
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particular, the healing process of the SDFT injury in the rehabilitation can be
objectively and quantitatively evaluated from the aspect of mechanical
properties of the lesion by using the strain ratio as a new indicator. The
results obtained from these studies show useful findings to provide a safer
and more effective rehabilitation for the racehorses with SDFT injuries and

contribute to the welfare of racehorses.
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