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ABSTRACT 

The present study was designed to carry out comparaUve evaluaUon of normal 

dJgital Oexor tendons in donkeys based on Magnetic resonanex imaging (MRI). uJlra~ 

sonography and bJomechanlca1 properues. FIve clJnJcaJJy healthy donkeys were as­

Signed for ultrasonographlc examinaUons of the metacarpus/rnet.a.tarsu5 1n each 

limb. These donkeys were eulhaniZed later for MRl and bJomechanlcai examinaUons. 

The bJomechanlcai data. was compared and statJsUcaDy anslyzed. Ultrasonographl. 

cally, the SDFT was slightly Jess t:c.hoge.nJc than DDFT espec1aUy at the praxJmai 

metacarpal and metalm"sai regions; SDFT usuaJJy locate above DDFT in the forellmb; 

however, in the hind 11mb the two tendons may be nearly paralld to each others. MRl 
revealed YClJ' low signal intenSity tendons whlch appeared black on the Jmage wtth 

the cross sectional shape of DDFT Is more rounded than SDFT. BlomechanlcaJ test­

Jng (load failure. strain and stress) showed slgnJ.llcant difference (p< 0.05) between 

both tendons and In both fore and hJndiJmbs. MRI. ultrasonography and biomechani­

cal evaluation of dtgital Dexor tendons in donkep prOVide a useful information about 

the normal anatomical features of these structures tlTJd help in understanding ten­

don injuries or repalI. 

Keyw0rd8: Donkey; Digital Bexor tendons; MRJ; Ultrasonography Biomechanlcs. 

INTRODUCTION 

Knowledge of normal anatomy of equIne 

11mbs Is essential for understanding digit de­

formities or injuries and Is cruCial for accu­
rate tnterpretaUon of dJagnosUc !.mages as 

seen with ultrasonographtc exam1naUon and 
tnagneuc resonance tmagtng (MRl) (Denou.. 
1996). 

Ultrasonographic tmag1ng of equtne flexor 

tendons provtdes safe non1nvastve means of 

_un. Vet. Jled. .T. (117 - 130) 

anatomical and lesIons diagnOSIS (Nyland 

and. Matton. 1995). For accurate diagnos1s of 

eqUine tendons. two sonographic views are 

performed especially under we1ght bearing SIt­

uation : one sagtttal. to observe the normal 

aJJgnment of the tendon fibers. and the other 

one Is transverse, to obtatn structural dimen­
sions (Hawdl. 20(6). 

MRJ Is a gold standard imaging modaJJtles 
accurately cllagnose tendons architectures 

and leSions which were previously unable to 
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be visual.1zed W1th radiography and ultraso­

nography (Klellor et aI.. 1999, and J[raft '" 

Gavin. 2001). MRl catl be acquired in any de­

sired oJ1entatlon but commonly acquired tn 

transverse, sagtttal, and dorsal planes. The 

number and thickness of the slices can be 

varied to cover a region of interest or focus on 
a spec1fl.c structure (Tucker and Sande. 
2001, and Werpy. 2007). 

810mechanlcal parameters of the equine 
SDFT, DOFT and SL Include the ultimate ten­

sUe stress. ultimate tensile strain, and the 

modulus of elasUclty (Smlth and Wcbbon. 

1996). The tensUe stress of tendons Is related 

to thickness and collagen content. A tendon 

with an area of 1 cm2 Is capable of beart.ng 
500 to 1000 kg of load (Riemeroma et aI .. 
1996). 

Strain was deflned as the change in length 

of a substance normal1zed by the ortgtnal 

length (Becker et al.. 1994). While. stress Is 
fundamentally simple to measure, where a 

constant load is applied to a tissue and the 

progressive time dependant elongation Is 
measured (Holmatrom et all 1994). Howev­
er. load to faJlure represent the continuous 

loading of a tendon sample till complete rup­

ture (Woo et aI .• 1997). 

Use of b10ruechan1ca1 propertIes and MRJ 

to evaluate normal morphological features of 

digital flexors in donkeys has not been previ­

ously described. Tberefore. the present study 

was designed to evaluate the role of MRI. ul­

trasonographJc and biomecb.antcal properties 

of normal d.1gUal flexors tendons Lo donkeys 

as well as their idenUfication and correlation 

at the d1fferent regions of the limb. 
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MATERIALS AND METHODS 

A total of 5 clln1cally healthy donkeys at 

the same ages (5 years) weight about 140-

180 kg and free from locomotor disorders; 

were used for this study. These anJmals were 

firstly subjected to ultrasonographJc examlna­
tJons at dtfferent levels of the fore- and hind­

limbs. The second division of thts s tudy was 

applied on the limbs of donkeys after eutha­

nasla to serve as cadavers for MRI (5 forelimb 

and 5 hJndl1mb) and btomechantcal evalua­

tion (5 forelimb and 5 hlndllmb) of dJgItaI fl ex­

ors 111 both metacarpal and metatarsal reo 
gions. 

tntruonograpIW: enluatloD : 
Uluasonographtc exa.mination of donkeys 

11mb was carried out uslng 7.5 MHz me· 

chan1cal linear scanner (MfNDRAY DP-

2200Vet.. Ch1na). For th.1s purpose. the limbs 

were prepared by cUpptng. shaving of the 

hair and application of ultrasound transmis­

sion gel at the exam1ned area. &ann1ng of 
the limb was done at wetght bearing posltJon 

from Just distal to the carpal and/or tarsal 

Jolot to the level of the prOXimal sesamold 

bones. Longttudlnal and transverse scans 

were obt.aJned for the examined tendon at 

three levels equally dlVided (upper. m.1ddle 

and lower region) of the metacarpus / 

metatarsus (Oeaove.e et aI.. 1997). The 

cross sectional area (CSA) of the digital flexors 

and their correlation in both fore-and hJnd­

limbs were measured. 

MaaDeUC reeonance Imaging: 

MRI of digttal flexors was performed on 

10 digit cadavers of the eutha.nlzed donkeys 

at the radiology department at Mansoura 
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UniverSIty Teach1ng Hospital (MUTHJ. A hu­

man extremIty radJofrequency receiving 0011 

was placed on the cadaver digtt to be imaged. 

and the magnet was posItioned In a manner 
that placed the digit centrally within the mag­

neUe field. Pilot scans of short duration were 

performed to determine proper posfUontng 

and for purposes of establ1shfng proper angle 

for the scanning sequences. A standard proto­
col for foot lmaglng ustng 0.5 Tesla FLEXART 

TOSHIBA magnet that include the followtng 

sequences: gradIent echo Tl-wetghled. fast 

Spin echo T2-welghted, and short time fiver­
slon recovery (STIR) sequences in sagUtal , 

transverse. and frontal planes with a slJce 

thickness 4mm. 

8tomnbantcalltvaluat::lon : 

Intact digttal flexor tendons spectmens 
in fun th1ckness of 15 em In length were 
taken from the Umbs of eutha.n1zed don­

keys after anatomical dissection. Blome· 
charllcal properties were carried out at la­

boratory of Biomechanics. Faculty of 

engineering. Mansoura UnJverslty. These 

speClmens were packed in containers of re­

frigerated normal saltne. TensUe testing oc­

curred within three hours of tissue collec· 

tion. Spec1mens were loaded 111 a hydraulic 
tensUe testing device (LLOYD) by securmg 

Us prOximal and distal porttons to two 

metal clamps of the Tensometer. The 

clamps were coated from inside by a piece 

of felt and Ugh tened to avoid slipping of 
the tendon specimens. All speCimens were 

loaded to faLlure (complete rupture) With a 
1000 kg load cell movtng at a crossbead 

speed of 500 mm/min. Load trtals to failure 
(fallure stress) were recorded USing a dJg1ta.1 

monitor connected to the load frame and 
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graphically by a dlgtt.a.l camera. Tendon 

strains were constantly monitored during 

loading trials and calculated graphically from 

the digital video recording (Lochner et al .• 
1980). 

BtatIoHeal AnaIyola : 
The obta1ned data were statistically ana­

lyzed With statistical software program (Graph 

pad prism verSion 5.0. USA). The mean values 

and standard devtation (SD) were calculated 
for blomecharucaJ parameters. Differences be­

tween means at P < 0 .05 were conSidered slg­

n1flcant . 

RESULTS 

tntruonoeraPhY of normal dJCItalllemn: 
Ultrasonography of normal flexor tendons 

at the prox:l.mal. m1ddle and distal third of 

the metacarpus/metatarsus were Jdentified 
SOFT. DDFT, leL and SL. It was character­

iZed by the presence or clear llnear echoic 

bands parallel to each others which d.1v1ded 

by 1nterm.Jttent lines exh1bltlng the acoustic 

impedance d1fference between tendons (Fig. 

1 • 4). 

SOFT has a homogenous and echogeruc 

appearance and 1s slightly less echogeruc 
than DDFT. It composed. of long parallel fiber 

bundles that appear as long white echoes in 

the sagittal or long axis view and as a uniform 

dJstrlbuUon of pinpoint white echoes in the 

transverse or short rods view. The cross sec· 

tional area of SOFT In the metacarpal/ 

metatarsal region ranged from 0.8·1.2 cm2. In 
the distal third of metacarpal/metatarsal the 

homogen1ctty of SOFT has a thln. half moon 
shape in the transverse plan. There was ultra-
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sonograph1c relaUon between SOFT and 
DDF'T especially at the proXimal metacarpal 

and metatarsal regions; SOFT usually locate 

above ODfT tn the foreltmb. However, In the 

hJnd lunb the two tendons may be nearly par­

allel to each others (F'1g. 5). 

DDFT has a homogenous and echogentc 
appearance, usually appears more echogenlc 
than SOFT, but may be lsoechole with SOFT. 

H appears sonographically as long white 
echoes In the sagittal or long axis vIew and a 

homogenous dIstrIbution of pmpolnt white 

echoes 1n the transverse or short axis vtew. 
DDFT has an oval appearance prOJdmal to the 
fetlock at the distal third of metacarpal/ 

metatarsaL The cross sectional area of DOFT 

in the metacarpal / metatarsal regton ranged 
from 0.9·1.6 cmZ . 

leL of DDF'T has a homogenous and 
echogeruc appearance and may be appear 
as (he most echogenlc structure Ln the proxi­

mal metacarpal/metatarsal regton. The echo 

pattern of leL Is unchanged from that of 

SDF1" and DDF1". The SL ortgin and body ap· 

pears more heterogeneous and hypoecholc 

than other tendinous and Ugamentous struc­

tures. 

MID or nonnal dIgital IIemno 
Normal digital flexor tendons viewed 

With MRl showed. very low slgnallntenslty 

and appeared black on the lmage. They 

forming a latUce appearance on the leans­
verse view. son has a uniformly low sig­

nal lntensfty until close to Its insertion 

where 1t becomes more heterogeneous. It 

contains septa of uniform intermediate sig­

nal tntenstty. As it confirms to the DOFT, 

_ura. Vet. Med. J. 
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the SDFT forms a crescent shape when 

v1ewed transversally, with a concave dorsal 

surface and convex palmer / plantar surface. 

They are encased in tendon sheath at the 

prox11Dal and distal aspect of the metacarpal / 

metatarsal. These synOvial sheaths produce 

areas of h1gh signal lntenslty surround1ng the 

low sJgnal tendons. 

The signal intenSity of DDFT in the meta­

carpal/metatarsal region 1s qUite slnUlar to 

the SOFT, although the cross sectional shape 

is morc rounded . DOFT normally has a un!­

form, low signal intenSity (hypolntense) with 

tendon fascJcles separated by ttnes of hJgher 

signal and d1ffi.cult to be distinguished from 

the hypotntense SDFT espeCIally at the level 

of fetlock Jotnl. It becomes bl-Iobed In the pas­

tem reglon; the medial and lateral lobes 
change 10 shape from proxtmally to distally, 

but are symmebical In slze and shape. As It 
approaches the naVicular bone. Jt loses Its bl­

lobed appearance and diverges lnto a thln 

band to insert on the palmar aspect of the os­

pedis. 

leL appears normally as a thin band of 

moderately low stgnal tntens1ty (gray-black) 

throughout most of tts length. Normal SL 1s 

composed of low sJgnal tntens1ty (black) sur­

rounded by a thin layer of high slgna1tntenst­
ty (white) due to faSCia, connective tissue , and 

adipose tissue surrounding the SL. ProXImal 
SL Ie almost bJ-lobed. structure that contains 

a cleft of high signal intensIty COIll'lective and 

adipose ttssues. As the SL travel dIstally the 
cleft recedes (Fig. 6). 

BtmDechanlca of normal digttal fie:mn: 

On loading to faJ.lure. all tendons segments 
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were ruptured ma1n1y through the proxlmal 
attachment of the tendon segment to the 
Lloyd arm {Fig. 7). The results of the blome­

chanJcal testing (load fallure. stram and 

stress) of normal SDFT and DOFT showed Big­

ntftcant djfference (p< 0.05) In parameters of 

131 

ten sUe strength between both tendons and in 

both fore- and hindl1mhs. The influence of 

strain on fore- and hlnd.1Jmb in the present 
study. showed a signlfl.cant increase in the 

SOFT and ODFT in the h1nd.11mb as shown In 

table 1. 

Table I. Means ± SD of the biomecbanical properties of normal SDFT 

and DDFT in both forelimb and hindlimb 

Biomechanical Forelimb Hindlimb 

properties 
SDFf DDFT SDFf DDFT 

Load (N) 5200 ± 860 8500 ± 386 6150 ± 713 9100 ± 295 

Strain (%) 1O±1. 2 15 ± 2.03 II ± .9 16 ± 2.00 

Stress (N/mm') 104 ±4.7 143 ± 8. 1 106 ± 3.5 151 ±7.8 

Significant difference (p< 0.05) 

DISCUSSION 

Under cl1n1cal condition, knowledge of nOt­
mal anatomy of the equtne Umb 1s crlUcaJ for 

accurate dlagnosls of tendon and ligaments 
tnjunes (Denotl: et al., 1996). Tendons or 1Jg­
aments normally change In size and shape 
from their Origin to tnsertlon. Because of this 
variaUon, equine velertnartans appredate 
speCimens whJch demonstrate important ana· 
tornIca! structures (Latorre ct aL, 2001). 

A collaboration between MR1 and ultraso· 

Mluuloar., VeL Jled. J. 

nography as diagnosuc imaging used to 1m. 

prove the tendon and ligament tmages will 
prOVide an excellent tools for the obJecuve as­
sessment of the effectiveness of the dJgttal 

flexor tenorrhaphy With different tendon 
grafts in horses, monJtoring of the repair tra­
Jectory as 11 provide intra-vital method of in­

vestigation, allow mOre adequate treatment 
selection and timely adjustment of therap1es 
or rehabilitation procedures and it may even 
provtde a basts for better early prognost1ca­
tion (ZhaDI ct aI •• 2001; Werpy. 2006; and 
Zubrod a Barrett, 2007). 
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Tendon failure may occur as a single 

strain event or as cumulaUve fatlgue faJ.I · 

ure as a result of cyclical loading. Measure· 

ment of the digital flexor tendons blomechan­

Ical properties may be a more tmportant 

indJcator of tendon strength (Dowl1DC et aI •• 
2002). 

Ultrasonographlc exam1natJon was per­

formed in weight bearLng dortkeys because 

when they were not weight bearing: the ten­

slon decreased tIl the tendons and lJgaments 

and there were a reduction In the echogerucl­

ty. shape and size which produces artifacts 

mistaken for an 1fIJury (MlcldethwaJ.te et alp, 
2001). 

WIth the tradJUonal zone method, the met­

acarpal and metatars~ regtons are dlv1ded 

into 6 and 8 zones, respectively (Oenoveae et 
al.; 1987). These regtons are not clearly de­

fined. unless the distance to a reference point 
Is measured. We chose to make a transverse 

Bean at three deflnlUve equal regions (I.e . the 

upper, the rn.1ddle, and the lower parts) along 

the length of the palmer metacarpus or plant· 

er metatarsus. It makes the scan more accu· 

rate and conCise and more accordant with the 

routine work, Actually, creating broader re­

gions IS a problem with measw1ng. because 

gOing up and down the Umb a centimeter or 

two results in a change in eSA, even at rest. 
These results were In accordance With YlnC­
LIng and MlD&-LaI (2005). 

Each tendon and lJgament in the metacar­
pal/metatarsal regton normally change in slze 

and shape from Ils Or1g1n to Its insertion. 

Therefore, a through knowledge of the anato­
my of the structures under LnvestlgaUon and 

their lnterrelationships to onc another Is cro-

MsD60W'lJ, Vet. Med. J. 
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clal for the accurate lnterpretauon of the so­
nogram (MaJid. 2008). 

The most Important crtteria for the ultra­

sonographic diagnosis of tendon and liga­

ment LnJur1es BIe changes 1n echogeruclty 
and siZe. The SL was the most echogeruc 

slructure whlle the SOFT was the least 

echogeruc. This could be attr1buted to tlJ.e 

variation In the histologtcal structures of 

the tendons and ligaments; as the SL Is pre­

dOminantly a strong ligamentous band con­

ta1n1ng variable amounts of muscular tissue 

and rat (DyBon. 1998: and Birch et aI .. 
1999). 

The tendon CSA at the Ident1cal level in 

each of the controlateral fore and lUndltmbs 

should be the same. Sonographlca11y. the CSA 
of the SL was the largest and that of the SDFT 

was the smallest at all levels. This findings IS 

related to COllagen contents, wh1ch IS propor­

tional to the eSA. The collagen content of the 

SL 1s much smaller than that of the SDFT. 

pOSSibly due to the presence of fat and some 

muscle Obers In the SL (Smtih et aI •• 1994: 

and MaJid. 2008). 

MRI examtnatlons was conducted on limb 

cadavers. ThJs may have 1n1luenced overall 
Image qualJty 1n the dJ.ffetent systems because 

of poSitiOning, absence of mot1on and blood 
Oow; as moUon artifacts may compromJse se­

quences wtth relatively acquisit10n time (Dy­
_ .t aI .. 200S: and Malt .t aJ.. 2005). 

The metacarpal and metatarsal regtons are 
typIcally exam1ned using dorsal, sagittal and 

transverse sUce planes. This prOVides the 
roo.st complete evaluatIon of all structures In 

these regions. MRI of the metacarpal and 
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metatarsal regions or the horse Is lmportant 
as a dJagnosuc aid in dela1led assessment of 

pam cauSing lameness local1zed to this area 

(Sampson and Tucker. 2007). 

MRl of normal tendons and UgarnentB in 

donkeys revealed tnctivtduaJ characteristic 

shapes and are normally low signal intensity 

structures. Changes in the normal shape or 
Signal intenSIty are indications of pathology. 

These results were agreed wtth Zubrod and 
Barrett (2007) who mentioned that changes 

in normal shape or s Ignal lntenslty With MRl 

are lndlcatlons of pathology. 

At comparable lImb loading, the results of 

blomechanlcal testing showed slgruilcance dif· 

ference between the SDFT and DOFf in val­

ues of absolute load. stra1n, and s tress at ten­

don failure. The dUference between tensUe 
strength of SDFT and DDFT It Is suggested 

that there was a proport10nal relationship be­

tween the load and the thlckness of the ten­

don. The larger the thlcknes8 the greater the 

load It could be bear. The present results pro­

pose an interesting fact about the mechanical 

properties of the SOFT and ODFT In donkeys. 

Thus, determination of the in vivo tendon biO­
mechanics 15 very important; because over­

load of a tendon is best expressed in term of 

overstrain which could be cl1n1cally avoIded 

MatlM>rua. Vet. Jled. J. 
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by understanding these parameters (Cohen ct 

01 .. 1997, and Kane and Firth. 2008). 

In this study, we used adult donkeys at 

age Bve years as a demonstration for meas­

urement of mature dJg1tal flexor tendons bio­

mechanical properties. This was 1n agreement 

wtth ChenIcllutham ct 01. (2001) who found 
that. by 11 months of age the in vitro biome­

chanica! properties of foal SOFT approximate 

those of adult. 

The 1n1luence of strain on fore- and 

hindlimb in ti1e present study, Showed a 

slgn1ftcant tncrease In the SOFT and DDFT 

in · the htndllmb. This reDects an extreme 

difference between the forelimbs and hlnd­

limbs in equldae. This result Is 10 agree­

ment wtth HcWutrom ct al. (1994) and 
Back ct al. (l995) who reported that the 
hind l1mbs playa major role In equine loco­

motion. 

CONCLUSION 

In conclusion, MID, ultrasonographJc and 

blomechan1cal evaluation of the normal dJg1tal 

flexor tendons in donkeys prOvide a useful in­

formation about ti1e normal anatomical fea­

tures of these structures help 111 understand­

mg of tendon injury and/or repair. 
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F1g (1): Transverse (A) and longttudinal (8) sonogram of the normal flexor tendons 
at the proximal metacarpal/metatarsal region showtng the normal echoge· 
nlcfty and fiber alignment of the SOFT. DOn, ICL and SL. 

Fig (2.}: Transverse (AI and longttudinal (B) sonogram of the normalllexor tendons 
at the middle metacarpal/metatarsal regton showing the normal echoge­
ntcfty and fiber alignment or the SOFT, DOFT, ICL and SL. 

1!l4 
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FIg (3): Transverse (Al and longltud1nal (B l sonogram of the normal flexor tendons 
Ln the distal metacarpal/ metatarsal regton showing the normal echogenJeJ­
ty and fiber alignment of the SOFT, DOn, ICL and 5L branches. 

nc (4): Transverse tAl and longttudinal (8) sonogram of the normal flexor tendons 
at the level of fetlock Jolnt showtng the normal echogen1C1ty and fiber 
alignment of the SOFT. DDFT, lntersesamodln ligament and splint bone 
margin. 

1:16 
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Ftg (5): !ongttudJ.n.al sonogram of the normal flexor tendons in the P(OX11Dal meta­
carpal reglon (Al and metatarsal reglon (B) shoWing the relation between 
the SOFT and DDFT In the fore 8J1d hind limbs. 

Ftg (6): Normal M.Rl slice planes of sagittal (A) and transverse lmages of the meta­
carpal/metatarsal reglon showing the normal dtgttal flexor tendons at the 
three divtslons of the metatarsal reglon (B , C& OJ. 

126 
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na (7): Faf1ure of the normal speclmen of SOFT (A) and DDFT (B) at the point of 
specimen grlppmg to the LLOYD arm. 

Ill? 
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