
IN MY PREVIOUS “VETERINARY

Connection” column (July), I de-
scribed a research study in which

dressage trainer Paul Belasik took part
in an investigation of the mechanics of
collection. During that study, Paul
caught the research bug. As a student
of classical dressage, he was curious to
learn more about how the horse per-
forms highly collected movements.
Specifically, he wanted to know how
the horse elevates his forehand into the
levade: Is the forehand raised by a push
from the front limbs or by a pull from
the hindquarters?

Because horses that perform a cor-
rect levade are few and far between,
Paul offered to bring one of his own
horses to the McPhail Center at Mich-
igan State University’s College of
Veterinary Medicine. The horse he
brought was St. Graal (known as “Eli”
in the stable), a fourteen-year-old
Thoroughbred gelding who graces the
cover of Paul’s most recent book,
Dressage for the 21st Century.

The Movements Defined

The forerunner of the levade is the pe-
sade, in which, from an energetic pi-
affe, the horse bends and lowers his
hocks, lifting his forehand off the
ground until his body is at a 45-degree
angle. The levade—called the mezair
in some works of classical equestrian lit-
erature—evolved from the pesade as a
more challenging movement, with the
horse elevating his forehand only to
about a 30-degree angle to the ground.
Classical trainers began experiment-
ing with lowering the pesade in the
nineteenth century, and some experts re-
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Learning About the Levade
The McPhail Center continues its research into the biomechanics of collection

BY HILARY M. CLAYTON, BVMS, PHD, MRCVS
ILLUSTRATIONS COURTESY OF THE MCPHAIL EQUINE PERFORMANCE CENTER
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Paul Belasik and St. Graal in levade
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gard the levade as the most difficult of
the “airs above the ground.”

Originally, the horse held the pesade
or levade for just a moment, using the
position as a momentary base of sorts
from which he could spring into one
of the airs above the ground, such as
the courbette or the capriole. Eventually
the levade developed into an “air” of
its own, with the horse maintaining
the position for a few moments and
then gently lowering his front limbs to
the ground to return to a normal stand-
ing position. Like the piaffe, the lev-
ade is considered a natural evolution
of collection and the ultimate test of a
trainer’s ability to collect the horse.

Important indicators of correctness
in the pesade and the levade include
the angle of elevation and the lower-
ing of the hocks. If the horse lifts him-
self to an angle higher than 45 degrees
and does not bend the joints of his hind
limbs, he is simply rearing and is not
performing a classical movement.

The Study

Paul and Eli warmed up in the Gaide
Arena, which is adjacent to the rub-
berized data-collection runway. They
then trotted along the runway and per-
formed some piaffe sequences on the
force platform as a preliminary exer-
cise. After he was satisfied with the pi-
affe, Paul asked for a levade in front
of the video cameras and in the vicin-
ity of the force platform. Each time Eli
stepped on the force platform, the de-
vice measured the magnitude and di-
rection of the force with which his hoof
pushed against the ground.

In order for us to collect useful force
data, the horse must have only one
hoof at a time on the force platform.
This can be difficult to achieve, par-
ticularly during such precision exer-
cises as the piaffe and levade. We were
able to record a number of good “hits”
during Eli’s piaffe and levade, however,

which enabled us to make comparisons
between the two movements (see
Figures 1 and 2 below).

As Eli began the levade, one front
limb contacted the ground and lifted
off, followed by the other front limb.
In piaffe, the force of the front limbs
pushes the horse upward and forward,
with the forward component being bal-
anced by a backward force from the
hind limbs. In preparation for the lev-
ade, however, the front-limb force
changed to an upward and backward
direction (Figure 2). The backward ori-
entation allowed Eli to retract his front
limbs into the levade position as they
left the ground. The forces exerted by
his front limbs at the initiation of the
levade were no higher than those re-

corded in the preceding steps of the pi-
affe (Figure 1). This finding indicates
that Eli was using the muscles of his
back and hindquarters to raise his fore-
hand, rather than using his front limbs
to push his forehand upward.

Throughout the levade, Eli’s hind
limbs were planted firmly on the
ground. His hind hooves were 83 cen-
timeters apart in the levade, compared
with 39 cm in the piaffe. The adoption
of a broad base of support during the
levade is a means of making the horse’s
balance more stable. It is a consistent
feature of this movement.

After Eli raised his forehand, he
maintained the levade position for a
short period of time. In the series of
levades we analyzed, the duration var-
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Figure 1. Comparison of vertical force of the left and right front limbs during piaffe (blue lines)
with the force of the right front limb as the horse lifts into a levade (red line). In each case, the
hoof is in contact with the ground for about 0.5 second. The traces are very similar in shape.

Figure 2. Longitudinal forces of the left and right front limbs during piaffe (blue lines) are
positive (above the zero line), indicating that they act in a forward direction. The force of the
right front limb at the initiation of the levade (red line) is negative, indicating that it is pushing in
a backward direction.



ied from 0.8 second to 2.3 seconds. To
put this into perspective, a horse jump-
ing a five-foot fence is airborne for just
over half a second.

As I’ve discussed, the levade and the
pesade are differentiated from a rear
by the angle of elevation of the horse’s
trunk and by the lowering of the hocks.
In our study, we used a line connect-
ing markers on the horse’s pelvis and
scapula to represent the trunk (Figure
3), and we considered the trunk angle
to be the angle between the trunk and
the horizontal.

Eli’s trunk angle was around 16 de-
grees when his front limbs left the
ground at the start of the levade, and
it increased to 25 degrees in the levade
shown in Figure 3. In this photograph,
it is evident that his hocks are well
flexed. The angles of his hock and sti-
fle joints are about 100 degrees, which
is considerably more flexion than occurs
in the stance phase of the trot.

During the time that Eli was stable
in the levade, the vertical force on one
hind limb (Figure 4) was approximately
half the combined weights of Eli and
Paul, which is what we would expect.
The longitudinal force (Figure 5)
showed small oscillations in the force
from the hind limbs that were produced
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Figure 4. Vertical force of the right hind limb during two levades. Levade 1 had a duration of 0.8
second. Levade 2 had a duration of 1.3 seconds. The force on one hind limb is around 4,000
Newtons, which represents approximately half the combined weight of horse and rider.

Figure 5. Longitudinal force of the right hind limb during two levades. The oscillations are
caused by muscle activity as the horse balances himself in the position.

Figure 3. Paul Belasik on St. Graal performs a
levade on the runway in the McPhail Center.
The horse’s body angle is 25 degrees, and
Paul’s torso is nearly vertical.
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USDF Connection welcomes letters to
the editor. Write to Member
Connection, USDF Connection, 220
Lexington Green Circle, Suite 510,
Lexington, KY 40503; fax (859) 
971-7722, e-mail jbryant@usdf.org.
Please include your hometown, state,
and daytime telephone number. We'll
publish letters as space allows; all 
submissions are subject to editing.
Unsigned letters will not be 
considered, although writers may
request that their names be withheld.

Do you have a dressage- or USDF-
related question? Send it to “FAQs”
and you may get an expert response in
a future issue of USDF Connection.
Send your question, along with your
full name, hometown, state, and 
daytime telephone number to FAQs,
USDF Connection, 220 Lexington
Green Circle, Suite 510, Lexington,
KY 40503; fax (859) 971-7722, e-mail
jbryant@usdf.org.

…or your views on a topic pertaining
to dressage or USDF in “The Tail
End,” USDF Connection's member-
written “back page.” Share your 
dressage discoveries, “aha” moments,
challenges, and observations. Short
“guest editorial” essays are also 
considered. All “Tail End” columns are
the opinions of the writers and not 
necessarily those of the editors or
USDF. Send submissions, along with
your full name, hometown,state and
daytime telephone number to The Tail
End, USDF Connection, 220
Lexington Green Circle, Suite 510,
Lexington, KY 40503; fax (859) 971-
7722, e-mail jbryant@usdf.org. Please
be prepared to supply a clear color
photograph of yourself if your piece is
accepted. Simultaneous submissions
will not be accepted.
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by muscular contractions used to main-
tain balance. These appear as wobbles
in the longitudinal-force trace. They
are an indication that Eli was adjusting
the tension in his muscles to compen-
sate for small changes in the position of
his center of gravity. A larger dip in the
longitudinal-force trace precedes the
lowering of the front limbs at the end
of the levade.

Implications

The results of this study answered the
original question about how the horse
elevates his forehand in the levade. Quite
clearly, the forehand is not pushed up
by the front limbs but rather is pulled
up from the hindquarters. This effort

requires tremendous strength in the mus-
cles of the hind limbs and the back.

During the levade, the horse is in a
rather precarious state of balance and
must constantly adjust his muscle ten-
sion to maintain the position. The rec-
ommendat ion  o f  the  l a t e  A lo i s
Podhajsky, former director of the
Spanish Riding School, that the rider
should sit as still as possible is certainly
good advice, for the horse must also
compensate for any movements by the
rider. During his levades with Eli, Paul’s
body position remained almost vertical
(88 degrees in Figure 3), with his cen-
ter of gravity vertically above the horse’s
center of gravity.

Although the levade is not performed
in competitive dressage, it is an inter-
esting movement to study biomechani-
cally. As we analyze these data in greater
depth, we hope to learn more about the
horse’s muscular strength and balance
in this highly collected movement. �

Hilary Clayton, BVMS, PhD, MRCVS, is a
world-renowned expert on equine biome-
chanics and conditioning. Since 1997, she has
held the Mary Anne McPhail Dressage Chair
in Equine Sports Medicine at Michigan State
University’s College of Veterinary Medicine,
East Lansing. The position focuses on dres-
sage- and sport-horse-focused research. Dr.
Clayton contributes a quarterly report to USDF
Connection on her team’s research efforts and
findings, which she hopes will help dressage
and sport-horse breeders, owners, riders, train-
ers, and caretakers to enjoy longer and more
productive careers with their animals.
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swedish warmblood association of north america

Win a breeding to an approved 
Swedish Warmblood stallion—at a 
reduced rate!

Most Warmblood and TB mares can 
have a SWB registered foal with these 
stallions; for owners of mares from 
non-approved breeds, SWANA off ers 
the Appendix Registry!

The participating stallions in our 2004 
Stallion Auction are:

Bolero
Bugatti Hilltop

Diamond
Electro
Fellini

Flamenco
Landlord
Lasandos

L.A. Baltic Sun
L.A. Baltic Sundance

Legacy
Magini
Master

Mazarin
Vermouth

Deadline for SWANA Stallion auction 
bids: November 30, 2003.  

New this year! The auction will be held 
securely online (mail-in votes will also 
be available).  For further information 
and bidding forms, visit us on the web, 
or contact the SWANA offi  ce:

SWANA
PO Box 788

Socorro, NM 87801
505.835.1318

505.835.1321 (fax)
offi  ce@swanaoffi  ce.org

Online Auction:
www.swanaoffi  ce.org/auction/

TRAINING TAPE TO BENEFIT
MCPHAIL CENTER

During their visit to the
McPhail Center, the well-
known dressage trainer and

author Paul Belasik and his horse,
St. Graal, gave a demonstration of
classical dressage training at the
Grand Prix level.

A recording of this demonstration,
together with original footage and
computer-generated graphics of the
research study of the levade, is
available from the McPhail Center.
Proceeds will support the research
program in the McPhail Center. For
more information, call (517) 432-
5927 or fax (517) 432-3442.

Portmanteau

Forrest Hill Farm &
Kaiser Dressage Training Center
Lafayette, IN

765-589-3838

Willing Minds & Able Bodies

Brentwood

Offering for sale
Warmbloods, Percherons & Crosses

Proven performers thru FEI &
young horses with conformation,

gaits, and work ethic for FEI,
dispositions suitable for

the amateur

Sales & Training,
All ages & levels thru FEI

www.forresthillfarm.com


