
Equix Biomechanics
870Corporate Drive, Suite203* Lexington, KY 40503* (859)-224-4488

R AC I N G A N AL YSI S

GRADE 1 WINNER

KeenelandSeptemberCOLT 2002 ( Sire: Leading Sire - Dam: Broodmare Name )

_______
BIOMECHANICAL EFFICIENCY SCORE AT AGE EVALUATED (16.1 months): 96.0_______

PREDICTED BIOMECHANICAL SCORESAT AGES 24MONTHS TO 72MONTHS
_____________________________________________________________________________________

AGE IN MONTHS PREDICTED SCORE_____________________________________________________________________________________
24 97.3_____________________________________________________________________________________
30 98.1_____________________________________________________________________________________
36 98.4_____________________________________________________________________________________
42 98.5_____________________________________________________________________________________
48 98.6_____________________________________________________________________________________
60 98.6_____________________________________________________________________________________
72 98.6_____________________________________________________________________________________

POWER:STRIDE FACTOR 3.5 : 6.5 : 2.75
PHENOTYPE E
COORDINATES ( 3.2 , 258.3 )
M USCL E RESONANCE A strong
HEART EF SCORE 6.8
INTERMANDIBULAR WIDTH average

Conformation Analysis:

Faultsandotherphysicalcharacteristicsare gradedfrom (1) almost impercepti bl e to (5) extreme.
* ** ** ** ** ** ** ** ** ** ** ** ** * ** ** ** ** ** ** ** ** ** ** ** ** * ** ** ** ** ** ** ** ** ** *

Higher at the rump than at the withers (1.0); high withers (1.25); t ied-in at the knees (1.25); turns out at
the knees/elbows right (2.0), lef t (2.0); cocked ankle lef t (1.25); sickle hocked (1.25).

* ** ** ** ** ** ** ** ** ** ** ** ** * ** ** ** ** ** ** ** ** ** ** ** ** * ** ** ** ** ** ** ** ** ** *
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SUMMARY OF THE OVERALL ANALYSISOF THIS INDIVIDUAL

GENERAL: A recap of this i ndiv idual’ s mechani cs and some special consi derati ons are given below.
Detai ls of the various physical properties of the indiv idual are given in graphi c form on the foll owing
five pages.

A SHORT REVIEW OF THE MECHANICS OF THIS INDIVIDUAL:

This colt has very good to excellent BASIC MECHANICS at 30 months of age, increasing to excellent
in his third year, and it remains at this level thereafter. He has very good BASIC GEOMETRY at 30
months of age, increasing to very good to excellent in his third year, and to excellent by the end of his
fourth year. He has very good to excellent STRIDE RHYTHM, with fairly good to good EXTENSION.
His BASIC POWER is very good to excellent, with excellent back triangles [ilium + femur + tibia]. He
has a good gaskin, with very good muscling in the gluteal muscles, and in his hamstring group. He
has very good leverage from a nice ischium, and excellent leverage from a tuber calcis that is
advantageously long relative to his moderately long back cannon.

He has a heart capacity that is a bit larger than average in stroke volume relative to his size, age,
sex, and conditioning. It is within the elite range on both indicators. The heart walls show very good
muscling, indicating very good strength to the stroke.

His most suitable distance range is probably between 6.0 and 9.0 furlongs.

SPECIAL CONSIDERATIONS:

This is a very well-made colt, whose mechanics are suited to a variety of distances.

He has excellent stride rhythm [balance of front legs to back legs] and should have above-average
stride length. He also has fairly good body length, giving him extension that is normally better suited
to the longer sprints and beyond. His best strategy would be to race at a controlled pace, just below
top speed, then begin to build more speed during the last half mile or so. Depending on how his races
set up, he could come from off the pace or, if the pace is quite slow, he could be in front maintaining
his best pace.

His power is very good and he has excellent balance to his hindquarters. The relationships of the
other bones in his hind leg gear him for good speed, mainly while in motion. He also has a good
gaskin.

He has very good heart capacity which often enhances endurance.

OVERALL RATING:
__________________________________________________________________________________________________________

very poor . ... .. ... .. ... .. ... .. ... well below average__________________________________________________________________________________________________________
poor . ... .. ... .. ... .. ... .. ... belowaverage__________________________________________________________________________________________________________
fair . ... .. ... .. ... .. ... .. ... slightly below average__________________________________________________________________________________________________________
fairly good . ... .. ... .. ... .. ... .. ... about average__________________________________________________________________________________________________________
good . ... .. ... .. ... .. ... .. ... slightly above average__________________________________________________________________________________________________________

• very good . ... .. ... .. ... .. ... .. ... above average__________________________________________________________________________________________________________
• excellent . ... .. ... .. ... .. ... .. ... well above average__________________________________________________________________________________________________________

outstanding . ... .. ... .. ... .. ... .. ... unusually well constructed (rare)__________________________________________________________________________________________________________

Note: If two consecutive boxes are marked, the rating is between the two.
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BASIC MECHANICS:

Age in Months

Excellent

Very Good

Good

Fair

Fairly Poor

Poor

Very Poor

24 30 36 42 48 54 60
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The BASIC MECHANICS for a horse is an
i ndexed value of the diff erent indivi dual
mechanical systems that determi ne how the
horse runs. I t represents about 75 percent of
the BM E Score. The primary emphasis i s on the
mechanics of each system rather than on how
well the systems wi ll work together or the
geomet ric balance of the horse. As a horse
grows f rom an early two-year-old to adulthood,
the mechani cs will change, someti mes
i mproving, sometimes deteriorat ing. The graph
to the l ef t shows how this horse’s basic
mechanics wil l change over that period of t ime.

BASIC GEOMETRY:

Age in Months

Excellent

Very Good

Good

Fair

Fairly Poor

Poor

Very Poor
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The BASICGEOMETRYfor a horse i s a measure
of the overall balance of the indivi dual
systems, and how the indi vi dual systems work
together i n general . I t represents about 25
percent of the BME Score. The pri mary
emphasis is on the geomet ry of the total system
rather than on how wel l each system will work
as an indi vidual uni t. As a horse grows f rom an
early two-year-old to adul thood, the geomet ry
wil l change, sometimes improving, someti mes
deteriorating, just as with the basic mechanics.
The graph to the left shows how this horse’s
basic geomet ry wi ll change over that period of
t ime.

STRIDE RHYTHM:

Balanceof Front and Hind Legs

Front Legs Short

Excellent GoodGood

Front Legs Long

Poor Poor

How Slung Front

Underslung Balanced Overslung

How Slung Behind

Underslung Balanced Overslung

Sprinters can have very good STRIDERHYTHM
with f ront legs shorter than i deal , and stayers
can have very good Stri de Rhythm when the
f ront l egs are l onger than i deal . K -factor
permits horses to run eff ectively with
comparat ively short f ront l egs (or long hind
l egs) in proport ion to the degree of K -factor
present . The l ine i n the diagram to the lef t
j oins the val ues of two indi cators, one at the
top and one, the more i nfluent ial, at the bottom
of the diagram. The net influence wil l l ie
between the two.

Underslung horses [body sl ung low rel ative to
the positi on of the elbows and st ifles] have
centers of gravity low, gi vi ng greater stabi l it y,
but at the expense of proport ional ly l ess
stayi ng capacity. Oversl ung [body slung high
relat ive to the posi tion of the elbows and
stifles] horses have high centers of gravity,
giv ing them less stabi l i ty, but general ly greater
effici ency carryi ng thei r weight . When
oversl ung in f ront and underslung behind, there
can be confusi on in the mechanics causi ng a
cl imbing act ion, whereas i n the opposi te case a
heavy forehand (early foot st ri ke) might occur.
Both are consi dered very inefficient action, but
of ten are at l east parti ally correctable.
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EXTENSION:
The EXTENSIONfor a horse i s a measure of how wel l the horse can extend his st ri de l ength without
fear of interference. I f the BASIC EXTENSION is poor, he wil l tend to strike himself when at or
near ful l gal lop. Thi s woul d likely cause him to lose hi s stride rhythm as well as hurt hi mself ,
unl ess he adapts a mode of gal lop that all ows
him to avoi d the problem. This usuall y requires
him to shorten his st ride and take more strides
to compensate, or to two-track [ f ront and back
l egs movi ng i n parall el, but separated t racks] .
For horses running under North Ameri can
racing condi tions on dirt, the second mode is
not generall y practi cal. Rarely do horses
compensate by straddli ng f ront legs with their
hind legs, li ke a foal runs.

Basic Extension at Age in Months
30

48
ExcellentGoodFairPoorVery Poor

Back Relative to Shoulder-to-Hip

Ext. LongLongBalancedShortExt. Short

Back Relative to Body Length

Ext. LongLongBalancedShortExt. Short

A horse with a back that i s short relat ive to the
shoulder-to-hip wil l tend to reach out more
than the average horse, part icul arly when
accompanied by a relat ively long humerus; this
can be advantageous for short sprints, but
becomes a disadvantage as distances require a
l ess-than-maximal stride eff ort , and becomes
wasted moti on. A back that is short relat ive to
body length al lows a horse to stri de out more
than hi s basic extension would indicate;
Quarter Horses runni ng at very short di stances
are well served by this mechanical config-
uration, but Thoroughbreds are di sadvantaged
significantl y if this faul t i s severe, and the
l onger the race the greater the deliteri ous
eff ect.

A long back relat ive to the shoul der-to-hi p
tends to reduce st ri de length, particularl y when
accompanied by a rel ati vely short humerus. I t
i s often accompani ed by st raight shoul ders,
goose rump, or both, and relat ively st rai ght
hind legs. Among successful Thoroughbreds,
this type of mechani cs tends to be present more
of ten i n sprinters and lower mi ddle distance
runners (6.0 to 9.0 furl ongs). A consi stent
pattern would demand that pasterns also be
comparably upri ght and not short . Good power
and leverage factors can overcome the
mechanical probl em, but there tends to be
greater st rain to j oi nts, tendons, and ligaments
because of a reduction i n the shock-absorpt ion
propert ies that comes from good angul ation.

POWER:

The BASE POWER i s a figure represent ing j ust one aspect of the power component. I t represents a
relat ionship between the back cannon, through which the propell ing force to drive the horse
forward must come, to the muscle and leverage of the upper leg and hi p, through which that power
must act. Other factors withi n the power structure can alter the eff ect iveness of thi s aspect
significantl y. The BASE POWER changes over the course of the horse’s life. Normal ly, it shoul d
rise consistent ly or remain rel atively constant after reaching a certai n level. I f it drops af ter

reaching a maximum, the horse becomes over-
powered at that point (if not before). Horses of
this type may have too much power for their
own good and can injure themselves. Such
i njuries can occur in almost any area of the
body that mi ght be aff ected by st ress f rom
appl icati on of power or vibration. A reas that
are l ikel y to be affected are the lumbo-sacral
area of the back, the hocks and stifles, and the
f ront legs and ankles. When compounded by
other faults, such horses wi ll tend to break
down earl y. Care must be taken i n many
i nstances to control the excessi ve power i n
t rai ni ng and raci ng in order to prevent injury.

BASE POWER

Age in Months

Excellent

Very Good

Good

Fair

Fairly Poor

Poor

Very Poor
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POWER (Continued):

The BACK TRIANGL ES [ i l ium + femur + ti bi a] determine most of the power and much of the
effici ency of acti on of the horse. The hi nd leg attempts to model both the whi p and the wheel i n i ts
act ion. As a whip, it is designed to t ransfer angular speed al ong its l ength f rom a relati vel y
powerful upper end (like the handl e) along a successi vel y lighter length to obtai n maxi mum speed
at the end, whi ch is as fine as the strength of materi als necessary for the j ob wil l al low.
Si mul taneously, the hind l egs act li ke spokes of a wheel, with the center of rotat ion high i n the
upper leg and hip. In the figure below, the small circle near the center of the picture si mul ates that
center of rotat ion. The solid circle wi th center at the j uncti on of the il i um, femur, and tibia
represents the ideal sizes and proport ions for the three components of the back triangl es for a
well -proport ioned middl e-distance horse of thi s horse’s general si ze. The dotted circle represents
the si zes for this horse. I t goes through the ends of the three components of the t riangles. The smal l
ci rcl e i s centered at its center and il lustrates an element of how the horse is geared (as l ow-to-high
gears in an auto) and the degree of eccentrici ty of the wheel the hi nd legs model.
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I f the smal l ci rcl e is below the dotted horizontal
l ine, the gearing of the tri angles i s relati vel y
high, whi ch woul d mean that his accelerat ion is
reduced by thi s rel ationshi p, but hi s abil ity to
mai ntain speed over distance, once hi s speed is
achieved, is enhanced. The small circle above
the dotted l ine i ndicates the reverse — his
accel eration is enhanced at the expense of
sustainabl e speed. This is si gnificant to the
degree the smal l circle i s below or above the
l ine.

I f the small circle i s to the lef t or right of the
vertical l ine, there is an eccentri city to the
wheel -l ike acti on of the hindquarters. I f the
ci rcl e is to the lef t , the effect i s a fal l ing away
of the hindquarters that the jockey can feel
with each stride. This causes a sl ight ri se to the
f ront, but generally is not as serious a problem
as the case when the small circl e is to the ri ght
of the vertical l ine. In this lat ter case, there i s a
rise to the hindquarters with each st ride, fel t by
the j ockey as a rough pounding, whi ch can be
extremel y uncomfortable to a seated rider when
the conditi on is severe. It also causes a di pping
of the f ront end and a resul ti ng pawing act ion
of the front legs i n extreme cases. Whi le both
cases are faults, the latter is a severe faul t that,
when the circle i s compl etely to the right of the
dot ted verti cle li ne and above the horizontal
l ine, can vi rtual ly guarantee that the horse wil l
be unable to compete eff ecti vel y among the
top-qualit y runners, regardl ess of other factors.

MUSCLING RATINGS

Gaskin

Gluteals

Hamstrings

ExcessiveExcellentGoodF. PoorV. Poor

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LEVERAGE RATINGS

Ischium

Angulations

ExcessiveExcellentGoodF. PoorV. Poor

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hock Power

Excessive

High
Power

Low
Power

^ExcellentExcessive

The leverage factor given as HOCK POWER is
determi ned by the relative l ength of the tuber
cal cis [counter lever to the back cannon] to the
l ength of the back cannon. This is another
aspect of the geari ng for the horse. This
gearing rat io can be so low that the horse has
difficulty generati ng suffici ent sustai ned speed,
or so high that he has insufficient accel erat ion
and will require ti me to attai n his speed, and
then cannot maneuver through a crowd of
horses eff ect ivel y or recover quickly enough if
he has to take up duri ng a race. In the di agram,
sprinters shoul d be powered a bit toward the
High Power rati ng and di stance runners shoul d
be toward the Low Power rat ing (which is
opposite to their gearing).
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POWER (Continued):

The FRONT TRIANGLES [scapul a + humerus + radius (and f ront cannon)] play a very di fferent
role f rom the back triangl es. Thei r function is primarily one of t iming. They, too, attempt to be
wheel spokes, and the whi p analogy also appl ies in thei r case. The t imi ng must be such that the
weight of the horse is taken by each leg at the moment that is most efficient to maintain the horse’s
speed. Very l itt le, i f any, thrust comes f rom the f ront l egs. Basicall y, two problems can occur with
how efficient the f ront l egs do their job: (1) they can cause a braking acti on when the full force
f rom the horse’s momentum is taken when the f ront l eg is forward of the verticl e positi on, and (2)
they can take those forces too l ate, thereby losing some of the potenti al st ri de l ength.

FRONT TRIANGLES

Basic Rating

Excess ive ^Excellent Excessive

Humerus/Radius Rating

Excess ive

Short
Humerus

Long
Humerus

^Excellent Excessive

Front Cannon/Radius Rating

Excessive

Long
F. Cannon

Short
F. Cannon

^Excellent Excessive

The BasicRatingof the f ront tri angles is a rat ing
of the balance of the four components of the
f ront triangl es as they rel ate to one another.
The Humerus/Radius rating rates how these two
components relate with one another, and the
Front Cannon/Radius rat ing is a measure of how
the f ront cannon l ength fits that of the radius.
General ly, sprinters wil l tend to have rati ngs to
the right of the i ndicated Excellent range and
distancerunners wi ll tend to have rati ngs to the
l eft . Where that is not the case, it i s an
i ndicati on of mixed mechanics (usuall y the
result of breeding across these categories).
While there are many examples of horses with
mi xed mechanics in thei r f ront triangl es
becomi ng successful racehorses, of ten mixed
mechanics here i mpl ies the same el sewhere,
and that can, in turn, i mpl y that the horse may
be handi capped at every distance.

INTERMANDIBULAR WIDTH:

Horsemen long have fel t that ‘ ‘ the wider the jaw the bet ter’’ and reject a sales yearl ing wi th i nter-
mandi bular space i nsufficient to al low room for the fist (four fingers). Some have clai med that there
i s a correlat ion of intermandi bular wi dth to neuropathy, and thence to performance. Our work
shows no di scernable diff erence in performance levels for fil l ies and mares. For male horses, there
i s a slight negative correlati on of endurance to width, and especi all y to the rat io of wi dth

Intermandibular Rating

Narrow Average Wide

to hei ght. Until more is known, we recommend
that lit tl e, if any, weight be pl aced on this
variable. There may be a relat ionship of this
width to certai n other skeletal characterist ics,
and thereby relate indirectl y to the consistency
of the mechanics for one or another running
styl e and/or distance.

HEART:

While there i s no single key that opens a secret lock on what makes a horse a champion, certai nl y
havi ng a good heart is one of the most i mportant of the many elements that do. I t is the pump that
takes oxygenated blood to the muscles to be transformed into the energy required to fuel the
machine. It must pump a l arge quantit y of blood i n a short amount of time, yet it i s not always a
large pump that is requi red, but rather an efficient one for the requi rements — requirements that
diff er with the mechanism being fueled. Generally, the di stance horse i s bet ter served by a slower
pump wi th l arge st roke vol ume, whereas the sprinter finds a faster, hence small er and more
powerful pump more sui table to his needs.

The dots on the two diagrams on the next page show the locati on of the measurements of this
horse’s heart in rel ati on to i ts stroke volume (as measured by the EF Score ) and stroke power as
measured by the thi ckness of the heart walls and the rat io of diastolic to systoli c volume.

To have the most efficient biomechani cal system, the heart should be compat ible wi th the
mechanics: a spri nter’s mechani cs shoul d be coupl ed with a spri nter’s heart; di stance-horse
mechanics shoul d be matched wi th a di stance runner’s heart . Ideal ly, the sprinter’ s heart wi ll be
relat ively high i n the elite area of both diagrams, whereas the classi c horse wi ll be further to the
right and lower.
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HEART (Continued):

According to our data, 63.6% of stakes-wi nning horses have hearts i n the el ite range on both
diagrams, whereas onl y 26.1% of the non stakes-winning horses have hearts in these areas.

Based on our present data, the EF Score for Thoroughbreds averages about 6.5 (6.6 for col ts,
6.4 for fill ies), with the middl e 68% of the popul ati on having EF Scores between 5.8 and 7.2.

Basic Heart Rating
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Heart Wall Rating
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Onl y about 2.5% have EF Scores above 8.0.
The EF Score is adj usted for age, body size,
and fitness, and is a rel ative measure of the
heart’s innate capacity to supply the
oxygen needs of the horse. Studies by
EQUIX i ndicate that the EF Score can be
used to estimate di stance capacity and
graded stakes potenti al. Horses with EF
Scores below 6.0 can win stake races, but
general ly at shorter distances. The bulk of
the stakes horses and vi rtual ly al l of the
graded stakes horses seen to date have EF
Scores of 6.0 and above and have tended to
race at longer distances. Cauti on shoul d be
exercised in evaluating thi s variabl e. Whi le
i t is true that great horses tend to have
l arge and powerful hearts, it is not true that
l arger i s necessari ly better. Indeed, it i s the
average and only sli ghtl y above average
size hearts (EF Scores) that show the
highest success rates. Our data indicates
that an excessi vel y l arge heart may well be
an impedimentto success except i n the fairl y
rare cases where it is served by related
physiologi cal st rengths.

DISTANCE RANGE:

4 6 8 10 12 14

Distance in Furlongs
The Proj ected Best Distance is determined
by the nature of this horse’ s mechanics,
augmented by how his heart capacity
matches those mechanics. Confused
mechanics can prevent a horse f rom racing
eff ecti vel y at any di stance, or requi re the
use of very special techni ques under
l imited condit ions.
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