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Introduction

One of the most widely-read and widely-
requested pieces of information contained in
our ESI Website has been the following
article which we familiarly refer to as “the
Ranger piece.” By 2008, with our permission
this article has been re-printed in more than
75 magazines and riding-club newsletters in
countries as far away as South Africa,
Scotland, and New Zealand. Without our
permission it has also been posted on about a
gazillion websites and “boards”, and, I am
sure – one way or another — read by many
thousands of people.

Originally posted on December 14th, 2001 as
part of the old “conformation analysis”
section of our website, it was taken off line
in January of 2004 with the restructuring of
the site. It ran from 2005 to mid-2008 in the
“Knowledge Base” section of our upgraded
website, and a newly-revised version, which
for the first time includes data tables and a
bibliography of technical references, is here
presented in PDF format. We continue to
post this article in the belief that you might

Fig. 1. Barbaro at the Preakness, before his catastrophic
bone fracture.

appreciate having a downloadable copy, so as to more readily be able to share it with friends and neighbors whom
you think might want or need to see it.

Of particular relevance are recent conversations I have had with breeders, owners, the officials of several
different humane organizations, news reporters, veterinarians, and numerous members of the general public who
have been concerned over the well-publicized deaths of such racehorses as Ruffian, Barbaro, and Eight Belles.
While some have cited “poor breeding practices” (inbreeding to Native Dancer) as cause for the catastrophic
fractures which ultimately killed these horses and which were incurred during or just after high-stakes races,
others have pointed to the rampant abuse at the tracks of drugs such as lasix, corticosteroids, and phenylbutazone,
and of treatments such as joint injections. Dr. Gregory L. Ferraro, currently Director of the Center for Equine
Health at the University of California at Davis, writing in a 1992 issue of The North American Review, observes:

“In general, treatments designed to repair a horse’s injuries and to alleviate its suffering are now used to
get the animal out onto the track to compete – to force the animal, like some punchdrunk fighter, to make just one
more round. Equine veterinary medicine has been misdirected from the art of healing to the craft of portfolio
management, and the business of horse racing is in the process of killing its goose with the golden eggs.”



Ferraro’s stinging rebuke rings true, but
there is yet another factor: it would be
absolutely foolish to ignore the fact that
racehorses are routinely trained and
competed long before they have a chance to
achieve physical maturity.

That an official of a racing organization
should, in a nationally-broadcast interview,
defend the practice of racing two, three, and
four-year-old horses does not shock me.
Neither has it shocked me when I have
received angry Emails from track sponsors
or members of racing organizations – these
people have a vested interest that they feel is
being threatened by facts presented in this
article. What does shock me is being
castigated by an official of the American
Association of Equine Practitioners, who
claims, in harmony with racing interests,
that horses are fully mature at two years of
age. Any such statement is utter falsehood.
This person – I can hardly believe that he
had received a veterinary education – was
totally unaware, as many members of the
general public are also unaware, that horses
have more than one “growth plate”, that
there are multiple ossification centers
pertaining to every bone of the body outside
of the skull, and that the schedule of growth-
plate closure (which begins around the time
of birth and extends until the sixth year, and
is coordinated with the eruption schedule of
the teeth) has been well known to
veterinarians, paleontologists,
zooarchaeologists, and mammalogists since
the early 19th century.

Racing interests sometimes cite as
justification for competing very young
horses that “race conditioning is good for
their bones.” This statement is a mis-
application of good research, which has
shown that, indeed, the distal limb bones of
young horses in training remodel in response

Fig. 2. Barbaro holds up the fractured hind pastern that
ultimately caused his death.

Fig. 3. Charismatic (left) battles Silverbulletday at the 1999 Belmont Stakes. Torque and forces of
impact on bones can reach dangerously high levels in championship racing. Charismatic suffered a limb
fracture at the end of this race. He later recovered and went on to a breeding career.



to whatever stresses they’re faced
with. Thus, it is wise for American
breeders and race trainers to have
young horses, even foals, on a
program in which they run as a group
or herd to the left, on unbanked hard
turf or dirt – because those are the
conditions they’re going to find on
American tracks. When bone-scans or
postmortem studies are done on young
horses that have undergone this
“preconditioning,” it is found that the
left sidewalls of the cannon bone
shafts have thickened in response to
the stress.

This, however, has nothing
whatsoever to do with the rate at
which the bones mature, and it does
nothing to accellerate (or retard) the
schedule of fusion of the growth
plates. Moreover, what happens during
“preconditioning” is not the
development of “super bone” —
significantly more bone substance
than there would have been without
preconditioning — but merely the
remodeling of the bone, which means

Fig. 4. One very telling statistic: the average number of starts
per horse per year has declined nearly 50% since 1960. Ac-
cording to the same source, career starts have dropped 90%.
These figures show that racehorses are either actually less
durable, or are being managed as if they were less durable than
in the past.

that bone substance that would have been evenly distributed through the bone shaft without preconditioning, is
merely shifted with preconditioning from one wall of the bone to another. Is preconditioning good for young
horses? Only in relative terms, for the animal would have achieved equal or better bone substance and quality if it
had simply been allowed to mature for a longer time before racing. While growth in cannon bone length stops
with the fusion of both growth plates at around 1 ½ years of age, increase in cannon bone girth does not taper off
until close to 5 years of age, and essentially the same can be said for the girth of any other limb element, with
those bones located higher up in the body maturing later.

The Kentucky Derby, one of the oldest and most prestigious race meets in the world, is a futurity contest open to
horses “officially” three years old when they come out of the starting gate. That is what a “futurity” contest is: a
race for horses that are not yet physically mature. What the present article teaches – bottom line – is that no
horse, of any breed, in any country, at any time in history either now or in the past, has ever been physically
mature before it is five and a half years old: and that would be small, scrubby mares living on rough tucker.
Healthy, domestically-raised males, and many females, do not mature until they are six. Tall, long-necked horses
may take even longer than that.

What we are talking about here is the skeleton – and it has been skeletal fractures and/or ruptures that have killed
not only the three famous racehorses noted above, but many hundreds of others involved in racing, Three Day
Event, and open jumping. It should be noted that by no means all racehorses currently active at the track are
immature: there are many “claimers” or veteran racers on American tracks that are six years or older, and an even
larger population of these “maturity” horses in Europe, Australia, and New Zealand where longer races and turf
tracks are more common. Unfortunately, however, racing rules in almost all American states mandate that



Thoroughbreds must “break maiden” – win a race — before they are four years old; so that virtually 100% of all
Thoroughbreds at American tracks are in training, and being raced, before achieving physical maturity. Those
who stay at the track past their fourth birthday are, simply, the survivors. Oftentimes, such horses are gelded
males who, though they might be winners, cannot be “retired” to a breeding career. It should also be noted that
some mature horses suffer distal limb fractures in the course of racing: but not at anything like the rate at which
immature horses succumb to them.

We need to be clear that the sesamoid fracture that killed Ruffian and the fractured pasterns that killed Barbaro
and Eight Belles are not directly related to growth plate fusion. In a three year old horse, all the growth plates
from the distal end of the radius down are normally already fused. Nevertheless, another lesson taught by the
present paper is that most of the growth plates above the distal radius in a three year old horse are unfused,
including, most importantly, those of the animal’s spine. It is the spine of the horse that governs the overall
coordination of the limbs and the animal’s running “style”. It is the spine, not the limbs, that the animal primarily
uses to compensate for potholes, slick spots, and other irregularities in the track. The higher the speed and the
greater the physical effort, the more important it is that the animal have all of its joints mature and in good
working order. While catastrophic failures are uncommon, more subtle distal limb disease and chronic pain and
dysfunction in two and three year old racehorses are commonly diagnosed and are major causes for the “wastage”
of young Thoroughbreds.

Three centuries ago, Thoroughbred racing began with a wholly different concept and set of rules than are now
current. The original set of rules called for the horses to run multiple “heats”, all on the same day. The races were
run primarily upon turf, over undulating ground, the distance of the first heat being four miles. The distance of
the second and third heats was, likewise, four miles; and if no clear winner emerged after three such heats had
been run, they ran a fourth heat of 3 ½ miles. This means that, not infrequently, a Thoroughbred contestant would
race nearly 20 miles in a single day!

Today, we hear people objecting to the so-called “longer” American races that call for the animals to perform
over 2 miles; such races have been termed “inhumane”. Most races for Thoroughbreds in America today are less
than 1.5 miles – what amount to “sprints”. Heat-racing for Thoroughbreds died out in America in the late 19th

century, killed by the overweening popularity of the futurity contests. When futurity racing first got started, the
length of the race was intentionally shortened, because it was well known that racing a three year old over a four
mile course could kill him. The shorter races, designed for young horses, produced concentrated, flashy contests
that were exciting for the gallery and profitable for track management. Thus, for the last century American race-
breeding efforts have been almost exclusively focused upon horses that could succeed at younger ages and over
relatively short distances. The original Thoroughbred races put a premium on soundness and stamina; futurity
racing puts a premium on blazing speed alone. The demand for all-out speed from any animal that is not
skeletally mature is a recipe for disaster.

The discussion about “Ranger” – who is a Tennessee Walking Horse, not a Thoroughbred (but the same schedule
for skeletal maturation applies to all breeds) arose when an ESI website visitor sent a photo of her two and a half
year-old gelding to obtain my comments. Thus this discussion did not begin, and is not intended, as a polemic
against Thoroughbred racing or any other form of equestrian competition. It is intended to give solid biological
facts in a form that would be easy for any owner, breeder, trainer, or lawmaker to understand. Let the reader, and
our society at large, then make the best use of the information given!

I began my reply to Ranger’s owner with comments on his conformation, but soon got “sidetracked into the main
issue,” which is, at bottom, about how to make the best decision as to when a young horse may be started under
saddle.



A General Look at Ranger

The first thing to note is that as a two and a half year old, Ranger is a “teenager.” He’s not mature physically, nor
will he be until he’s at least six. Despite a nice development of chest and a fine long neck, there is that
unmistakable lack of length and muscular fullness to the hindquarters and the little weakness or lack of arch at
the base of the neck that smacks of the gawkiness of subadulthood. The withers are not as high as they will
someday be, either. Note please however, that I have not said anything about Ranger having a big head – because
he doesn’t (compare length of head to length of neck; a horse’s head is not to be considered “large” until it is
longer than the underline of the neck). I like the so-called “old fashioned” head of the Standardbred, Morgan,
Saddlebred, and Walking Horse. An Arabian head is fine – on an Arabian, but the Arabian head shape should not
be the universal definition of “good” in heads. Ranger’s is an excellent head with sharp bony definition, a good
eye, and a real good expression. There are also solid reasons, having to do with the proper eruption and
functioning of the teeth, for preferring a straight or slightly arched head, such as Ranger shows, to certain types
of dished construction, and for preferring a longer face (as measured from eye to muzzle) to a foreshortened face.

Fig. 5. The Tennessee Walking Horse Ranger at 2 1/2 years of age. Black dots mark points where
known parts of the skeleton are palpable just beneath the surface. Black lines define positions of actual
bones. White dots and line indicate the overall body balance, measured from core of loins to palpable
base of neck (C5-C6 junction).



All Horses of All Breeds Mature Skeletally at the Same Rate

Now I want to discuss the concept of skeletal maturity and deal with that concept thoroughly. Ranger is not
mature, as I said, as a 2 ½ year old. This is not because Ranger is a “slow-maturing” individual or because he
comes from a “slow maturing” breed. There is no such thing. Let me repeat that: no horse on earth, of any breed,
at any time, is or has ever been mature before the age of six (plus or minus six months). So, for example, the
Quarter Horse is not an “early maturing” breed – and neither is the Arabian a “slow maturing” breed. As far as

Fig. 6. Stages of bone growth in horses and other mammals.

their skeletons go, they are the same. This information comes, I know, as a shock to many people who think
starting their colt or filly under saddle at age two is what they ought to be doing. This begs discussion of (1) what
I mean by “mature” and (2) what I mean by “starting”.

When is a Horse Skeletally Mature?

Just about everybody has heard of the horse’s “growth plates”, and commonly when I ask them, people tell me
that the “growth plates” are somewhere around the horse’s knees (actually the ones people mean are located at the



bottom of the radius-ulna bone just above the knee). This is what gives rise to the saying that, before riding the
horse, it’s best to wait “until his knees close” (i.e., until the growth plates convert from cartilage to bone, fusing
the epiphysis or bone-end to the diaphysis or bone-shaft). What people often don’t realize is that there is a
“growth plate” on either end of every bone behind the skull, and in the case of some bones (like the pelvis or
vertebrae, which have many “corners”) there are multiple growth plates.

So do you then have to wait until all these growth plates convert to bone? No. But the longer you wait, the safer
you’ll be. Owners and trainers need to realize there’s an easy-to-remember general schedule of fusion – and then
make their decision as to when to ride the horse based on that rather than on the external appearance of the
horse. For there are some breeds of horse – the Quarter Horse is the premier among these – which have been bred
in such a manner as to look mature long before they actually are mature. This puts these horses in jeopardy from
people who are either ignorant of the closure schedule, or more interested in their own schedule (for futurities or
other competition) than they are in the welfare of the animal.

The Schedule of Growth-Plate Conversion to Bone

The process of converting the growth plates to bone goes, in general, from the bottom of the animal up. In other
words, the lower down toward the hoofs you look, the earlier most of the growth plates will have fused; and the
higher up toward the animal’s back you look, the later. The growth plate at the top of the coffin bone (the most
distal bone of the limb) is fused at birth. What that means is that the coffin bones get no taller after birth (they get
much larger around, though, by another mechanism). That’s the first one. In order after that:

Short pastern –  bottom before birth; top between 9-12 months.
Long pastern – bottom  unites with shaft at or shortly before birth; top 13 to 15 mos.
Cannon bone – top unites with shaft at or shortly before birth; bottom unites with shaft at about 18 mos.
Small bones of the knee – top and bottom of each, between 18 mos. and 2  years
Radius-ulna – upper weightbearing surface, between 15-18 mos.; distal surfaces, between 3 and 3.5 years
Humerus – bottom, between 1.5 and 2 years; top, between 3 and 3.5 years
Scapula – glenoid or bottom (weight-bearing) portion – between 3 and 3.5 years

Fig. 7. A closer look at a developing bone which is at about Stage 4 of the preceding illustration. It is at
about this time that a blood vessel (shown here in red) grows into and penetrates the shaft of the bone,
initiating development of the marrow cavity but also supplying bone cells with needed oxygen and
nutrients.



Hindlimb – cannon bone, coffin bone, and
pasterns same as forelimb
Hock – this joint is “late” for as low down as
it is; growth plates on the tibial and fibular
tarsals don’t fuse until the animal is 3-3.5
(so the hocks are a known “weak point” –
even the 18th-century literature warns
against driving young horses in plow or
other deep or sticky footing, or jumping
them up into a heavy load, for danger of
spraining their hocks).
Tibia – bottom, between 20 mos. and 2
years; top, between 3 and 3.5 years
Femur – there are 4 major epiphyses on this
bone, including the head that goes into the
hip socket; they fuse between 3 - 4 years.
Pelvis – the hip socket is firm between 18
mos. and 2 years, but the rest of the bone
does not stop growing until the horse is 5 or
more years old.

….and what do you think is last? The
vertebral column, of course. A normal horse
has 32 vertebrae between the back of the
skull and the root of the dock, and there are
several growth plates on each one, the most
important of which are those that cap the
centrum. These do not finally fuse until the
horse is at least 5 ½ years old (and this
figure applies to a small-sized, scrubby,

Fig. 8. Distal portion of the radius-ulna bone from a two
year-old horse. Arrow marks the line which, before the
animal’s death, still contained live “slippery” cartilage cells.
The epiphysis of the bone is completely separate from the
shaft, and was not yet fused to it. This means that the
cartilage cells were still capable of cell division and hence
growth; the animal would have become taller had it lived.

range-raised mare. The taller your horse and the longer its neck, the later the last fusions will occur. And for a
male – is this a surprise? – you add six months. So, for example, a 17-hand Thoroughbred, Saddlebred or
Warmblood gelding may not be fully mature until his 8th year – something that owners of such individuals have
often told me that they “suspected”). (Compiled ossification, fusion, and eruption tables, are given on pp. 16 and
following).

Significance of the Closure Schedule for Injuries to Back and Neck vs. Limbs

The lateness of vertebral “closure” is most significant for two reasons. One: in no limb are there 32 growth
plates! Two: the growth plates in the limbs are (more or less) oriented perpendicular to the stress of the load
passing through them, while those of the vertebral chain are oriented parallel to weight placed upon the horse’s
back. Bottom line: you can sprain a horse’s back (i.e. displace the vertebral physes – see Figs. 5 and 8) a lot more
easily than you can displace those located in the limbs.

Here’s another little fact: within the chain of vertebrae, the last to fully “close” are those at the base of the
animal’s neck (that’s why the long-necked individual may go past 6 years to achieve full maturity – it’s the base
of his neck that is still growing). So you have to be careful – very careful – not to yank the neck around on your
young horse, or get him in any situation where he strains his neck (i.e., better learn how to get a horse broke to tie
before you ever tie him up, so that there will be no likelihood of him ever pulling back hard).



So, what’s to worry about? Well….did you ever wish your horse would “round up” a little better? Collect better?
Respond to your leg by raising his back, coiling his loins, and getting his hindquarter up underneath him better?
The young horse knows, by feel and by “instinct”, that having a weight on his back puts him in physical
jeopardy. I’m sure that all of you start your youngstock in the most humane and considerate way that you know
how, and just because of that, I assure you that after a little while, your horse knows exactly what that saddle is
and what that situation where you go to mount him means. And he loves you, and he is wiser than you are, so he
allows this. But he does not allow it foolishly, against his deepest nature, which amounts to a command from the
Creator that he must survive; so when your foot goes in that stirrup, he takes measures to protect himself.

The measures he takes are the same ones you would take in anticipation of a load coming onto your back: he
stiffens or braces the muscles of his topline, and to help himself do that he may also brace his legs and hold his
breath (“brace” his diaphragm). The earlier you choose to ride your horse, the more the animal will do this, and
the more often you ride him young, the more you reinforce the necessity of him responding to you in this way. So
please – don’t come crying to me when your six-year-old (that you started under saddle as a two year old) proves
difficult to round up. Any horse that does not know how to move with his back muscles in release cannot round
up.

Fig. 12. I took this photo many years ago of an American Saddlebred mare named Lucy. She was 2
years old at the time, and had already been under saddle and in “bitting rig” (contraption made of
straps designed to prevent the horse from putting its head down and rounding its back). This treatment
caused her back to slip. She was then bred and carried two foals before her back slipped so badly that
she had to be put down (when the back drops significantly, the position and functioning of all the
internal organs is affected).


