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Since 2008, low-field magnetic resonance imaging (MR1) of the stifle has been petjormed on live horses at 

lIlu/tip le veterinary institt/lions. This article discusses this nell/technique lind sUlIlmarizes tv! Rl findings in 61 

horses co IIlpi1ed fro III five equine veter;'lrlry practices. 
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larity f MRI in eq uin e medicine. the stille re-

mains a very difficult jo int to exami ne via most 

ava ilable im aging modalilie . Alth ough MR I of 

the st ille ha been reported in live horses us 
ing an ul tra -short . wide -bore 1.5 T magnet ys

tem, clin ica l ca e are not typ ically pe rfor med 

with this unit due to the difficul ty of patient 

po itioning an d size lim itations of most perfor

mance horses. I.! ver the pa t few year, how

eve r, there have been efforts by a group of prac 

titi one rs at five different pract ice si tes. each 
ow nin g a low-field MRI system (Ro tating Vet 

MR Gra nd e XL, Esaote, SpA, Geno l'a, Italy) to 
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figure 1. This figure Illustrates the total number of equine stifle 
magnetic resonance imaging studies from all five participant 
veterinary institutions between 2008 to 201 2. 

image the tine in live perfo rmance hor e (F ig

ure 1). This report summar ize the e effort and 

rel'iews common clinical findings in 64 stifle 

examinat ions from 61 horses . 

MATERIALS AND METHODS 
There are currently five inst itution (fou r in the 

Uni ted tate and one in Europe) that use the 

E aote 0.2ST Rotating Ve t MR Grande XL MRI 

system to scan eq uine st ifle of clinical ca es. To 

perform a tifle MRI examinat ion. the magnet 
mus t be rotated 90 degrees 0 that the bore is 
oriented ve rt ical I)' . All horses are scan ned under 

general ane thesia in dorsal or lateral recum

bency, with the hi nd limb of interest extended 

vert ically so that the femorot ibia l jo int is cen 

tered (o r close) to the magnet isocenter. A Ilex 
co il i then wrapped around the dar al aspect of 

the stifle (F igure 2). For m st horses. MRI pro · 
toco l includes PD- and T2-, eighted eq uences, 

hort tau inver ion recovery eq uen e (ST IR). 

and an i otropic 3D gradient echo (GE) TI e

quence. Tota l acq ui sition time in the scanner i 

currentl y about 50 to 65 minute. Toget her. the 

PD- and T2 · weight ed sequence (4 to 5 l11illi-

meters Imm ] thick) are u eful for a in g ten-
dons and ligamen ts and evalua ting the qual it y 

of coll agen mat r ix in acute, chronic, and hea led 

inj urie . The STIR sequence (e.g. , 4 to 5 mm) 

arc highl)' benefic ial for a e ing bone Ie ion , 

while the 3D GE TI sequence i very thi n (e.g .• 
0.7 to 1. 2 111m ) and u cful to a sess art icular, 

subchondra l. and ot her fine bony detai l. 
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Patient Selection 
1l1e horses in th is retrospective case series are from each of the five 
practice si tes that requested written interpretations from the au
thor (i5, 10, 13, II . and 12 written stifle MRJ interpretations, re
spectively, from each of the five practices). Beginning in the spring 
of2008 to the \vriting of this article, MRl of the stifle was performed 
in a total of61 clinical cases.1l1e ages or the hor es ranged between 
2 and 19 years. The breeds included Quarter I orse (23). Warm
blood (19), Thoroughbred (4), Standardbred (2), Saddlebred (2), 

Morgan (2). Friesian (I), and Tennes ee Walking Horse (1); in sev
en of the cases, the breed was unspecified. There were 17 geldings 
and 10 mares; the rest of the cases were unspecified.1l1e disciplines 
of each patient varied and were not always included in the patient 
history; however, the predominant disciplines among those ci ted 
were racing, dressage, jumping, eventing, Western pleasure, barrel 
racing, and cutting. The main reason given for the MRl request 

MRI OF THE EQUINE STIFLE 

was acute r chronic lameness isolated to one (or both) tifle. 
One examination wa requested by an owner for a horse without 
clinically identifiable stifle la mene . The ~IRI examination were 

un ilateral, with the exception of three bilateral st udie . All patient 
were canned live and recovered from general ane thesia, with the 
exception of one horse, whose clinical prognosi \Va poor and was 
euthanized on the table; therefore. thi patient' ~ I RI study wa 
completed postmortem. 

The current average number of stifle t-IRI case per year 
among the five practice si te is about e\'en, ranging from 3 to 15 

hoI' es per year. Figure I illustrates the urrent total number of 
increasing cases per year for all five sites, 

Proper case selection, preparation, and po itioning are rilical to 
sa fcl y perform a tifle ~IR I stud}'. In addition to the a c reponed 
in thi stud y, t-!RI also was attempted on el'erai particularly short
legged horses and ponies, but positioning attempts were aborted 

Figure 2, Typica l example 01 a horse undergoing magnetic resonance imaging of the stifle, po5I\toned tn lateral recumbency I'llth a slight I1lt loward dorsal recumbency. 
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Positioning Techniques 

becau e the femoro tibial 

joint could not safely be 

placed in the magnet i 0-

center. Another exi ting 

limitation that occa ion

aUy occurred wa in very 

short. very well -mu cled 

andJor ovenveight horses 

(frequently Quarter Hor es 

and Haflinger ponies) with 

hind limbs not quite long 

enough to position a rely. 

leading to undue pressure 

on the surrounding soft tis

sues of the dependent limb 

musculature. 

Throughout the 4.5-year duration of tJ,is report. each of tile fucility sites 

developed various techniques u ing different equipment to properly 

scan their cases. including unique and variable poSition devices to raise 

tJ, e upper limb to place the tifle into tJ,e magnet isocenter. Among 

tilese techniques. tJ,CSC practices found placement of tile horse in lateral 

recumbency witil a light tilt toward dorsal recumbency most reliably 

allows a patient' pelvis to fi t underneath the rotated magnet gantry (Fig

ure 2). Also. tJ,ey realized that if the table does not drop low enough. it 

will causc problems with positioning and place wmecessary pressure on 

tile upper tJligh musculature of tile dependent limb. ince the tiHe Wl

dergoing a scan i tJ,e suspended upper limb and is raised and extended 

by placing shanks around the pastern and attached to a pulley or hook 

in tile ceiling. these practices deternlined that tilling the side of the table 

upward uppol1S the upper limb and efrectively lowers the oppo ite ide 

of tile table so tJ,at the th igh musculature on the dependent limb can 

further drop out of tile way of the gantry. TI,is also helps to raise and 

po ition the upper tiHe into ti,e isocenter. Witl, respect to po itioning 

time. eadl practice reported a time requirement of approximately 10 to 

15 minutes to poSition a patient i.n tJ,e scanner. 

RESULTS 
The clinical MRI findings from Lhis review were quite varied. 

though there were commonalitie (Table I). Typical lesions are 

illustrated in Figures 3 through I I. I st images revealed evi

dence of 0 teoarlhritis in one or both femorotibial joint. rang

ing from ubtle/mild to evere (Figure 3). The articular cartilage 

and subchondral plate wa best vi ualized on the thin 3D GE 1'1 

sequence « 1.2 mm) and the multiplanar reconstructions. Chon

droma.1acia was noted at the di ta l weight-bearing surface of the 

medial and lateral di tal femoral condyles. TI,is finding. initially 

not beli ved to be authen ti pathology. was then confirmed ar

th roscopically on a ser ies of horses. In each of these cases. the 

subchondral plate and the superficial articular cartilage Signal 

were somewhat unremarkable. but the deeper cartilage layers had 

a subtle-to-m ild decrea e in the 3D GE 1'1 ignal. consi tent with 

soft. chondr malacia fel t when probed during surgery. 

Abnormalitie of one or several meni cotibial ligaments 

(MTLs) also were freq uent ly present in most of the stifle evalu-

ated (Figures 4a and -Ib). Abnormalitie were slightly more nu

merou in the craniolateral and craniomedial MTLs than in the 

caudomedial M1'L. Man)' of the pathologies were believed to be 

degenerative change within the intrasubstance of the ligaments 

with varying degrees of margin fibrillation and intrasubstance 

degeneration. but di crete tears were also pre ent. There was a 

subjecti\e correlation between the 'I1'L pathology and the de

generation of the femorotibial joint . 

Discrete tear and additional degenerative pathologies were of

ten een in both tile medial and lateral meni ci. involving one or 

several horn (Figures S and lOa). The tears broke-out into either 

the proximal andJor distal border of the meniscus and could usual

ly be een in at least two planes on both tl,e T2 and STIR sequences. 

Signal abnormalities were al 0 commonl)' noted in the cranial 

and/or caudal cruciate ligaments (Figures 6a and 6b). Abnormal 

1'2 and STIR ignal were frequently apparen t at the distal tibial 

in ertions of the cranial and (to a Ie er extent) caudal cruciate 

ligament. In one hor e. the proximal half of the caudal cruciate 

ligament wa not pre ent, con i tent with rupture. 

Degenerative cystic Ie ion were frequently seen at sites of en

these (Figure 7). namely in the proximal tibia adjacent to the 

insertions of the craniolateral and craniomedial meniscotibial 

ligament . Other generalized va cular and hyperemic reactions 

were seen in the di tal femur and proximal tibia. particularly in 

hor e with active arthropathie . 

Other lesions identified were variou bone marrow lesion (Fig

ure 8 and lOb). articular femoral and tibial degenerative c)' tic 

Ie ions (Figures 9a and 9b), ubchondral I ion (Figure 10c). me

dial and lateral collateral ligament desmopathies (Figures Iia and 

II b). u pected eno to i -like Ie ion, and 0 teochondro i . Sev

eral hor e had floating ti ue fragment and numerous ca es had 

evidence of effusion (Figure Ila). The origin of the peroneu ter

uus t ndon. as well as the di tal patellar ligament were frequently 

found to vary in signal and architecture. but often contained re

·ions of hyperinten it)' on all pul e equence in many horse. 

This common finding was b lieved to repre ent normal variation 

of fiber heterogeneity. Included i an example of a ca e of a horse 

with stifle lamene with radiograph depicting focal Ie ions (Fig

ures 12a and 12b); howe\'er. much more exten ive pathology was 

apparent on the horse's stifle MRJ study (Figure 12c-121). 
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Figure 3. Mild Focal Cartilage Degeneration 
Mild focal decreased amcular cartilage signal at the weight-bearing aspect of the 
distal medial fe moral condyle and the opposing proximal tibia (green arrows), sug
gesting mild cartilage degeneration. 

Cranial 

4b 

Figures 4a and 4b. Meniscotibial Ligament Desmopathies 

MRI OF THE EQUINE STIFLE 
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T2-weighted axial plane image (4a) shows an abnormal increased signal within the cranial lateral meniscotibialligament and (to a lesser enent) the cranial medial 
meniscotibiai ligament (green arrows). Sagittal STIR sequence (4b) confirms generalized increase in signal throughout the cross-sectional area of the cranial lateral MTl 
(green arrow). 

Figure 5. Meniscal Tear 
PO-weighted sagittal sequence demonstrates a discrete tear breaking out at the 
prodmal and distal articular surtaces 01 the caudal hom 01 the medial meniscus 
(green arrows). 
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Figures 6a and 6b. Cranial Cruciate Ligament Injury 
The T2-l'Ielghted sagil1al sequence (Gal shows a stnated Increase In SIgnal at the dIStal ~b\3llnser\ion 01 tile cramal crooate hgament (green arfUlYS . sugoes
fiber leafing This pathology is confirmed In lhe T2-weighted axial plane (green arrowl (6bl. 

Figure 7. Enthesopathies 
Dorsal ptane 3D G€ T1 sequence demonstralcs 3 mtldlmoder.!te vascular 
rea.cMn (vascular prolileraboolhcovasculanzalJonl altha prOJlIInal bOOllmsertlOO 
01 the caudomedl3l meOiscollbkll IIgamenl (green arrows), COIlSISIentl'rlth an 
enthcsopalhy. 
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Figures 9a and 9b. Degenerative Cystic Lesions 

Figure 8. Tibial Crest Bone Edema 
STIR sa911 Ilmage an Increased 5J9031 wlthtn 
adJ<lcent Intramedullary bOne of the tibial crest (green 
strllSS ,nJUry ThIS II!$IOI1 also corresponds With decreased Y. 
replacement 

T2-weghted IIOcsaI plane image (93) shows a degenerative cyst-bile lesion al the pro,tlmalllballl1Sel1lOn 01 t CI3I1I3l med.al mCfllSCObbi3J 1tg3 
lesion IS seen In the saglttIl plane on 30 GE T1 (901 as a large coocave rcsorpllon (green arrows) 



MRI OF THE EQUINE STIFLE 

Figures 10a and lOb. Meniscal Tears! Bone Marrow Lesions 
T2·weigllted aKial sequence (IDa) shows mar1ted ,earing at the csanlal hom of the medial menISCUS and the cranial medial melllSCUhbial hgament (green arrow). An ac~. 

associated proxima! ~ bial bone marrow lesion is also seen on the STIR sagittal sequeoc:e {lOb) (green arrnw1. 

Figure tOe. Subchondral Defects 
Patient also has a small SUbChOndral CleleCI at lt1e weight-bearing aspect oIllle 
distal mediallemoral condyle (green allow). 

Figures 11a and 1tb. Lateral Collateral Ligament Desmopathy 
12 axial and dOrSal plane Images n 1 a and 11 b) shoW a miklfmodefate he!erogeneous inCrease In signal tow31if the lemonll ~ 01 the ialtfill O)/IaIMllIi;ame1lI 01 the 
Sblle IoInt (\!feen IIITOWSI. Also seen In the cIofsal plane Image I1lb) are tIeQenenltMI cyst-bke lesions al the pro~ IlIIIa. ooJaCenl1o 1M meruon 01 till! catJdome(Jlal 
meniSCO\lblaJ IJgamenI {t)Iue 3lrow). The axial sequence also reveals allusions 01 me caudal pouches 01 the me<lt3Il111d \aIm! iemorcbi)131 JOIlIS 
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Figures 12a and 12b. Cystic Lesion 
Lateromedial (12a) and caudocranial112b) radiographs 01 an 8-year-old Quarter Horse mare's stille suggest a cystiC lesion (green arrow) of the distal mac", 'e~ 

condyle with periarticular bone modeling (blue arrow) of the proximal medial tibia. 

Figures 12c and 12d. Extensive Intramedullary Bone Pathology 
MRI images from this same 8-year-old Quarter Horse mare as Figures 12a and 12b: Dorsal (12c) and saglnal (12d) plane 3D GE T1 sequences reveal a 
of the distal medial femoral condyle breaking out into the medial femorotibial joint (long green arrow) that is surrounded by a marked amount 01 deer 
replacement involving much 01 the Intramedullary bone of the medial condyle (shorter green arrows). This extensive Intramedullary bone patholog 
than anltcipated given the inilial radiographic findings. 

Figures 12e and 12f. Extensive Intramedullary Bone Pathology and CCL Injury 
MRllmages from this same a-year-old Quarter Horse mare as Figures 12a and 12b. The decreased T1 Signal fatty replacement corresponds WIth a 
intramedullary STIR signal emanaltng from the articular lesion (12e). Just prOXimally, there is also an extensive amount of Circumferential STIR s 
additional charactenstics suggesting avascular necrosIs. Dorsal plane T2 weighted Image (120 also shows abnormal increased Signal I'lithm the Cfa! 

the distal tIbial Insertional site (green arrow), believed to represenl partial fiber teanng 



TABLE 1: TYPICAL FINDINGS FOR EQUINE STIFLE M RI EXAMINATIONS 

OSTEOARTHRITIS 
. 

I 
MTL PATHOLOGY 

MENISCAL LESIONS 

CRUCIATE LIGAMENT PATHOLOGY 

TIBIAL CYSTIC LESIONS/ENTHESOPATHIES 

BONE MARROW LESIONS 

FEMORAL AND TIBIAL SUBCHONDRAL LESIONS 

COLLATERAL UGAMENT DESMOPATHY 

ENOSTOSIS·UKE LESIONS • _ NUM 3ER OF EC UINE 
OSTEOCHRONDROSIS - STIFL M RI CAS ~S 

FLOATING TISSUE fRAGMENTS -EFFUSION 

o 10 20 30 40 so 60 

Osteoarthritis in one or both femorotibial joints ranging from subtle mild to severe (45/61 cases; 74%) 
---'-----' 

Meniscotibialligament (MTL) pathologies (inrrasubstance degeneration , margin fibrillations discrete tears 
and/ or rupture (53/6 1 cases; 87%) 

Discrete tears and degeneration of medial and lateral menisci, Involving one or several horns 
(34/61 cases; 56%) 

--------------------------------------------------------------~ 

Cranial and/ or caudal cruciate ligament pathologies (intrasubstance degeneration, discrete tears 
and/or ru pture) (36/61 cases; 59%) 

iJibiai degenerative cystic lesions/ enthesopathies at insertions of meniscotibialligaments (11/61 cases; 18%) 

Bone marrow lesions (1 8/61 cases; 30%) 

1\rticular medial and lateral femoral and tibial subchondral lesions (subchondral irregularities, defects and 
cyst-like lesions (13/61 cases; 2196) 

~--~----------------------------------------------------' 

Medial and lateral collateral ligament desmopathies (6/61 cases; 10%) 

Enostosis-like intramedullary lesions (1/61 cases; 296) 
~--------------------------------------~ 

Osteochondrosis (2/61 cases; 3%) 

Roating tissue fragments (4/61 cases; 796) 
--------------------------------------------------~ 

Effusion present (22/61 cases; 36%) 
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DISCUSSION 
The stine MRI examination, as with any d ect ive procedure under 
general anesthesia, require appropriate consideration of risk- to
I enefi t anal),sis. Each vetcri nary facili ty pioncering th is MRI pro
ced ure accepted an in reased ri k to patien t given min ima l-to-no 
previoll lye tablished afe t)' record . The initial case of I\IRI in 
this review were typically ho rses wi th hronic stine la meness in 
which available diagno tic te ts and all empted treatments were 
no\ succcssfui. Propcr patient selection is al 0 impcrat ivc when 
using this technique. 

Initial Complications 
Followin g a scrie of successful examinati ons and recovcrie 
among the small number of practitioner perform ing the exa mi
nations. an increa ed and growi ng comfort Ic\' I of afet), \Va 
achicved. J oneth ele s, four of thc five ites repo rted the f 1I 0w
in g initi al co mplication : 

ne site had a horse that d.:veiopcd a repcrfu ion injury of the 
depcndent li mb glu teal mu, les·' ho ur after tanding. Th is h rse 
was later found t have a clott ing diso rder and had been placed 
on the table wi th a small port ion of the hi nd end lightl)' 00' the 
e Ige of the table. pon more precise pOSit ioning of fut ure a e , 
no add it ional problems were cn oun tered ove r the pas t 3 year . 

At anot her practice, during thc fi rst month of ca nn ing. two 
horses developed transient 'luteal mus Ie atrophy f the depen
dcnt lil11b after r over}' . At that time. the hi nd cnd of the e hors
es had also been positioned pa rt ia lly unsupported ofr thc edgc of 
the table. " he positioning was thcn adju ted ca refull )' for com
plete support in all subsequcnt cases and no addi tional problem 
have occurred at thi practice ite in the past 2 year . 

A third c1 ini describcd one pati ent that be ame qui te painful 
in the rear limbs, but wor e in the upper li mb after recove r)' . A 
nerve paralys i was su pect d. but th e horsc was clinically normal 
wit hin I hour of gabapentin admin istration. No add itional i sue 
I"erc encoun tered in any other horses at this faC ilit y. 

A fourth practi ce reported a neuropa th y and everal Ill y
opath ies post recovery. One case was a shor t. unfi t Warmbl ood 

and the other case " 'ere ho rt, overweight Haflinger pon ies. 
In all of the e cases, th e pa tient had all been non working fo r 
at least I yea r and had pa rti cul arl), hort leg and large bod ie, 
which caused inc reased stre s and pressure on the 100,'er limb 
duri ng po iti oning. It ha ince been determined that the e 
type of cases are not good candidates for sti fle 1'I IRI examina· 
tion. \ hen bilateral ti fle exa mi nations were pe rfo rmed in 3 
hoI' e , the hoI' e ubsequently had difficul ty tanding after 
recovery; ub eq uentl)" bilatera l examin at ion are no longer 
perfor med at the ame tim e. No compli ca tions were recorded 
on more "typical" taller pe rformance h r e breed during uni
lateral examination. 

Anesthetic Considerations 
The atypical po it io n of the hind limb of the hor e to conduct 
an J I RI study of the st ifle mandates cfii cienc}'. 0 unnece ary 
ri k arc not a umed. Mon itor ing the hor e care fully under 
general anesth esia. a well as adopti ng other method to e
crease risk. are al ways considcrcd. An ane the i logi t at one 
pract ice c I11 men ted on a ignifi cant ly " moother" ane thetic 
ex perience du ring MRI when pa tie nt were premedi ated I,ith 
a do e of meth carbamol the el'ening before the an. heoriz
ing thc muscle relaxat ion effect fro m premedication improved 
mu cular bl od flow and th u • ca rdi ol'a cu la r fun -tion. Thi 
protocol has si nce been adopted for all stifle "IRI ca at thi 
particular prac tice. 

In ad di t i n, the prac tices in thi rel'iew un der ored th e 
impo rt ance of perform ing stifle J IR I can on pa ien ha t 
arc fi t and in good co nd itio n. Whe n a pa tient had been -on
val e ce nt fo r an ext ended p ri d , ome f the ra - 1 e ' ite 
emp ha ized the im p rtance f exerci ing the e hor:e ' o n a 
treadmi ll ( inju r)' perm ittin g) for a (ew I\'cek before. lRI 
examin ati on. Furth ermore, ome fthe it e trong.l\' ad\'o
ca te direc t blood -pre sure m ni to ring ver u in ire - pre -
surc mo ni tor ing for st ille IR I eva luati n 0 ob alll more 

acc ura te readi ngs. As wi th an)' procedure requlrln~ ~eneral 
anes thesia. the greate t att en ti o n to afe po , il1onlll~ and 
ane the tic m nitor ing are paramoun l t minlmlzlIl, J'l .• of 
co mplicat ion. 
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CONCLUSION 
While MRI of human patient' kllees is often requested before ra
diograp hic or ultrasonographic eva luation due to its documen t d 
diagnostic benefits, performing an RI on an eq uine pati nt ' 
stifl e is ignificantly more diffic ul t, a demonstrated in Figu re 
2.) With the exception of very short-legged breeds, stifle MRI 
evaluation ap pea rs to be well tolerated in con iti ned hor e th at 
are appropriately positioned. °n,e information ga ined thus far 
in these cases ha prov d qui te valuable for specific diagno es, 
leading to focused treatment plans and improved outcome and 
prognoses, 111is technology is also expected to crea t a growing 
interest in treatment options and SltCCe ful outcomes in perfor
mance hoI' es with specific stifle pathologies, 

In this review, whi le only a few cases resulted in euthanasia and 
necropsies, a larger number had arth roscopies where correlation 
of accessible lesion \ a succes full y obta ined. 111is information, 
combined with consul tatio ns frolll rad iologist pecializing in 
evaluating human patients' knee MR I studies, and increa ing in
format ion in st ifle and general equine Illusculo k Ictal M RJ stud 
ies aided the auth or's description f M RI abnormalit ies. 

Active M RI pathologies were ca lled within ligaments, if ab
norma l T2 and STI R signal was present. Give n the u cept ibil
it y of T \ - and PD- weig hted eq uences to the magiC angle ar
ti fac t, these sequences were not so lely used for a se sing act ive 
inj uri e , Art icular and su bchond ral abnormali ti e were cal led 
when a disrupt ion in th e 3D GE 1"1 Signal of the cart il age and 
subchondra l bone was pre ent relative to more normal ap
pea ring ar as of the joi nt and al 0 not believed to be cau ed b}1 
part ial volu me averaging and background noise. 

The coll ec tive experience of th e practices that participa ted 
in th is stud y over th e past 4.5 years has contributed valuab le 
in fo rmation on prope r position ing and case selection of MRI 

stifl e examination s, generating grea ter confidence fo r more reli 
able an d safer recove rie , Although the tota l numBer of 6 I pa
tient. in this tud}' is considered small , averaging onl}' 12 horse 
pe r pi'actice site, the five cli nics that undertook this en deavor 
sh uld be comm nded fo r th eir pionee ring and gro und-break
ing en'orts in SUCCI' sfull}' p rfo rming tifle MRJ studies on typi
ca l performance horse , 

A future article will detail the trea tment plan and li nica l out 
comes of these horses with available follow-up inform3 ti n, 
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FUTURE REPORTS 

A future article will detail the 

treatment plans and clinical 

outcomes of these horses with 

available follow-up information. 
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