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Warning: If you believe that straightness can be achieved between the inside 
legs and the outside rein, or any other simplistic formula, do not read this 
article; you might experience short breath, palpitations, high blood pressure, 
heart acceleration, fever, anxiety, depression and keyboard attack   
 
 “To know and to act are one and the same.” (Samurai proverb) 
The bullfinch combination was an interesting “question.” In three day event, a 
bullfinch is a brush that can go as high as 6 feet or more. The game is not jumping 
above but rather through.  The bush is dense until about four feet and then became 
lighter allowing the horse to jump through the branches. The combination was 
composed of two bullfinches separated by three short strides. Making it more 
interesting was the fact that the two bullfinches were not in straight line. The second 
one was displaced toward the right. A straight line would be possible jumping the first 
one at the extreme right and the second one at the extreme left. This was not a viable 
option as bushes and higher branches were quite thick toward the outside of the 
jump. The middle was definitively lighter. 
 
Coming in oblique was having its own set of difficulties as the branches are easier to 
jump through going straight than approaching and jumping in an angle. For my horse, 
the three short strides were a problem. It is the same horse than in the two previous 
stories and this was his first advanced level competition. As you know, his favorite 
options were fast and faster and he did not like shortening the strides when cantering 
at speed. Another consideration was that he did not have the experience of this type 
of jump. Often, horses that don’t have experience of this type of jump try to clear the 
branches jumping too high and consequently landing further away after the jump. I 
was confident that he was intelligent enough to jump through the branches; however, 
I anticipated a big jump and consequently an even shorter distance between the 
jumps. 
 
The visual impression was another consideration. The horse could only see the second 
jump while flying through the first one. It was a surprise effect which, was aggravated 
by the angle of the approach inciting escaping the second jump. It was indeed several 
escaped of the second element during the competition. Considering that my horse will 
likely jump the first bullfinch a little too high and therefore will land a little further the 
three strides between the jumps will be very short. I considered the thought of 
coming on a sharper angle, which would increase the distance between the two 
jumps. The benefit was more room for three normal strides. The risk was approaching 
the second jump on a sharper angle. “On the top of that,” commented the coach, “the 
angle is toward the right which is his difficult side.” I told him that we have made 
progresses about his straightness but the coach cut me short. “Every horse makes 
progress but doing better is not having resolved the problem. My question is do you 
think that he is athletically straight enough to keep the line through this combination. 
It is one thing to make the horse look straight in the dressage ring. It is another thing 
the stay straight in action. ?” I forced a strong yes out of my mouth but the thought in 
my mind was that I should have kept my mouth shut.  



 
Increasing the obliquity was a risk but opting for the short strides was a greater risk. I 
decided for the sharper angle. The horse performed flawlessly. I come to the first 
bullfinch on an angle and he jumped quite high as expected. He kept the line for the 
second jump, which was also quite high. Due to the obliquity, the length of the three 
strides was comfortable and my horse kept the pace without hesitation. After the 
cross country, the breeder of the horse came at the stable very happy about his “son” 
performance. Breeders always think that their horses are perfect and that all the 
problems are the rider’s fault. The breeder said, “I watched him at the bullfinch 
combination. He was great, fast, clear, at ease, perfectly in line and you did not even 
came on the jump straight.”  
 
What puzzled me during the combination was the feeling of straightness. All the 
energy was directed in one direction. The thought of “dynamic straightness” crossed 
my mind. We always talk about straightness thinking geometry, the shoulders in front 
of the haunches, the body straight. Gustave Steinbrecht straightened the horses 
between the inside leg and the outside rein. I remembered the Chinese proverb, “If 
you are standing upright, do not fear a crocked shadow.” My horse spine was a 
crooked shadow; I knew that I had not fully corrected his back muscle imbalance, but 
in action, when we were both concentrated on the performance, his energy was 
absolutely straight.  I have no doubt that straightness was essentially a dynamic 
phenomenon, but nothing in the equestrian literature as well as in the scientific 
researches truly addressed the concept. 
 

 
 
 
 
 
 
 
 
In its simplest form, straightness is about a horse traveling 
with the shoulders in front of the haunches. The thought is 
not incorrect but, placing the shoulders in front of the 
haunches is only visual straightness A horse can be 
apparently straight maintaining the shoulders in front of the 
haunches and travelling with a thoracolumbar spine totally 
crooked. 
 
 
 
On this picture of a severely crooked thoracolumbar spine, 
we draw a straight line from the whither to the haunches. If 
the horse travels in the direction of the red line, it would be 
visually straight but it would be biomechanically crooked. 
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Another simple theory of straightness is a horse traveling with a thoracolumbar 
column perfectly straight as illustrated on the figure C. This is possible on a diagram, 
but this is not possible in motion. At the walk for instance, the right foreleg moves 
back, as illustrated in the graphic (A), and thoracic spine bends laterally to the right. 
In the thoracic vertebrae, lateral bending occurs between T9 and T16. Simultaneously 
the forward swing of the left hind leg is associated light left lateral bending of the 
lumbar vertebrae. In the lumbar vertebrae, there is a small capacity of lateral bending 
between L1 and L5. At the next sequence of the stride, the left front leg moves back, 
bending the thoracic spine to the left and the right hind leg swings forward, bending 
the lumbar vertebrae to the right, as illustrated in the picture (B). Basically, there is 
not a single moment of the stride where the thoracolumbar spine is straight. This of 
course applies to the trot and canter with different kinematics of the thoracolumbar 
column.  
We have voluntarily designed greater lateral bending on the figure (A) illustrating the 
fact that back muscles are never perfectly symmetrical and there is always a 
preferential lateroflexion. It is not necessary to the right as illustrated on this diagram 
but there is always muscular imbalance which, if not specifically addressed by the 
training approach, will be protected by the horse’s central nervous system. The horse 
will travel crooked and will have difficulties bending in one direction. 
 
 
 
 
 
 
 



As you know, lateral bending is always coupled with a 
movement of transversal rotation but in order to soundly 
comprehend the biomechanics of straightness it is easier to 
approach the problem, one force at the time. Straightness has 
nothing to do with stretching and relaxation. At the contrary, 
straightness is about forces acting on the thoracolumbar spine 
and how the muscular system of the equine back manages, 
reduces and redirect these forces. Dr. Betsy Uhl, DVN, PhD, 
Dip, ACVP, explained for the members of the course how forces 
were directed oblique from the limbs to the spinal column and 
how the muscles had to resist and redirect these forces. 
Emphasis was made on the intensity of the forces acting on the 
metameric structure of the vertebral column. Betsy pointed the 
wears and tears that were visible on the articular facets of the 
vertebrae of two different skeletons. 
In motion, the thrust generated by one hind leg induces an 
oblique force on the spine. Without compensation of the 
muscles situated on the other side, the thrust generated by 

one hind leg would bend the lumbar vertebrae or move the croup side ways as 
illustrated by the drawing on the left. Instead, forward movement is created by the 
propulsive thrust of the hind legs, (red arrow), that is resisted, managed and 
redirected by the back muscles and in particular the muscles situated on the opposite 
side of the pushing hind, as illustrated on the drawing on the right 
 
 
 
. 
 
 

Straightness is therefore how the muscular system of the 
thoracolumbar spine manages forces. Hind and front 
limbs induce forces on the thoracolumbar spine and the 
muscular system resists, diffused or redirect these 
forces. For clarity, this model focusses only on lateral 
forces. The reality is more complex since there are also 
gravity forces pulling the spine down, upward forces 
resisting attraction of gravity, Transversal forces, which 
are pulling one side of the body down while the other 
side is supported by the limb on the ground, and the 
combination of all these forces. However, the muscular 
system functions under the same principle; it resists, 
diffuses or redirects forces. There is no room for 
stretching and relaxation. Locomotion and performances 
are not created increasing the range of motion of the 
thoracolumbar spine. Instead, locomotion and 
performances are created through the subtle 
orchestration or numerous and minuscule contractions 
and compensatory contractions. 
 

 
 
 



 
 
The biomechanics of the vertebral column forms the basis of all body movements and 
when the thoracolumbar spine is not functioning in proper line, there ae inevitably 
repercussions on the kinematics of the hind and front limbs.

 
 
 
This diagram illustrates a horse travelling with a thoracolumbar spine slightly bend to 
the left, (red lines). The black lines are there as a reference. Lateroflexion occurs in 
the vicinity of the 9th to 16th thoracic vertebrae but modifies the alignment of the 
whole spine. The lateroflexion of the thoracic vertebrae affects pelvic and shoulders 
placement in respect of the direction of the motion. The consequences are going to be 
loading of the right forelegs and deviation of the croup to the left.   
 
 
 
 
 
 
 
 
 
 
This was exactly the situation of the Swedish warmblood named Dominique. 
Repetitive loading on the right foreleg created kinematics abnormalities inducing 
excessive stress between the distal sesamoid bone and the deep digital flexor tendon. 
Dominique developed navicular disease on the right side. We restored soundness 
correcting the scoliosis of the thoracic spine. Basically, we restored soundness 
recreating straightness. The problem was aggravated by the fact that the lateroflexion 
of the thoracic spine was coupled with and inverted rotation shifting the dorsal spines 
to the right. Normal rotation shifts the tip of the dorsal spines toward the inside of the 
bend. In case of inverted rotation, the tip of the dorsal spines is shifted toward the 
outside of the bend. In Dominique case, left lateral bending of the thoracic vertebrae 
was coupled with and inverted rotation further aggravating the load on the right 
foreleg. 



 
Simplistic equitation will suggest straightening the horse between the inside leg and 
the outside rein. In the case of this diagram, straightening the horse would be 
achieved between the left inside leg and the right outside rein. Such riding technique 
would move the croup and the shoulders but would not have any effect on the lateral 
bending of the thoracic spine and never the less on the inverted rotation. On the next 
illustration, we push the shoulders toward the left with the right outside rein and 
contain the haunches with the left inside leg. We move the body but we have no effect 
on the lateral  bending of the thoracic spine. 
 
 
 

 
 
 
 
 
 
 

Lateral bending as well as transversal rotation of the 
horse thoracic spine occurs between the rider’s upper 
thighs. It is more accurate to refer to the rider body 
including the upper thighs. Body alignment is a 
dynamic phenomenon that is better explained by the 
concept of a corridor. It is more accurate to refer to 
the rider body including the upper thighs. Body 
alignment is a dynamic phenomenon that is better 
explained by the concept of a corridor. 
 
 
 
On the circle as well as on straight line, the rider body 
creates a corridor inside which the horse’s body 
moves. On the circle, the horse thoracolumbar spine 
is not evenly bent as it was believed in old theories. 
Bending occurs between T9 and T16, transversal 
rotation occurs mostly between T9 and T14. Basically, 



lateral bending, (red line) and transversal rotations, (blue line) of the horse 
thoracolumbar spine occur between the rider thighs. When the horse shifts the rider 
seat toward the outside of the circle, the rotation is inverted.  Walking or trotting a 
horse on a small figure 8 allows identifying the horse’s preferential rotation. On one 
circle, the horse shifts the dorsal spines further toward the outside than on the other 
circle. Identifying the horse’s preferential rotation is always interesting since 
straightness is about narrowing these rotations and therefore correcting the inverted 
one. 
 
  
 
 
 
 

 
  
 
This picture shows a spectacular example of right 
lateral bending coupled with and inverted rotation 
shifting the dorsal spine and the rider toward the 
outside of the bend. In fact, the rider compensates very 
well if you look at his stirrups and then his body you 
can see how well he compensates for the torsion of the 
horse’s spine. Due to the spine torsion, the horse 
cannot lift the croup as normally required and it clears 
the jump increasing the rotation of its thoracic spine 
and passing the hind legs side way.  Vertebral column 
dysfunctions are the main cause of limbs kinematics 
abnormalities and consequent injuries.  On this picture, 
the spine torsion redirects the load on the left front leg, 
inducing intense stress at the landing. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
At the walk and at the trot, the equine thoracoumbar 
spine bends alternatively right and left in synchronization 
with the limbs movements. Straightness is therefore not 
about a thoracolumbar column remaining straight but 
instead, straightness is about a reduction of the 
lateroflexion and control of transversal rotations allowing 
the horse to travel in a narrow corridor. At first, lateral 
bending and transversal rotations displace the shoulders 
toward the left and the croup toward the right as illustrated 
in this diagram. The corridor is then wide. It can be the 
opposite, the shoulders shifting to the right and the 
haunches to the left. Sometimes the feeling is the shoulders 
and haunches shifting in the same direction. The horse is 
bouncing from the right wall to the left wall of the corridor. 
 
As symmetry and proper coordination of the back muscles 
is progressing, the amplitude of the lateroflexions reduces 
and the transversal rotation remain closer to their higher 
point, which is the middle and the horse travels more 
straight, within the limits of a narrower corridor. There is no 
formula for straightness for the very simple reason that 
each horse commences its education with its own 
morphology and muscle imbalance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
There is a Samourai proverb that say, “To know and to act are one and the 
same.” The proverb applies to straightness. Guiding the horse brain and body on how 
to direct all the forces in a straight forward direction demands knowing about the 
forces acting on the thoracolumbar spine and how the muscular system manages 
these forces. Truly, straightness, balance control, forwardness, suppleness, easiness, 
calmness and efficiency, are one and the same. 

 
 

   
Transversal rotations have a considerable influence 
on straightness. They are created by the way the 
vertebrae articulate with each other and the 
attraction of gravity. Old theories believed that 
lateral bending placed the inside side of the 
vertebrae in contact with each other while 
separating the outside. (On this diagram, from 
Richard Tucker, the vertebrae are illustrated as 
rectangles) Old theories also believed that lateral 
bending was even all along the whole 
thoracolumbar column.  More advanced knowledge 
exposed a totally different mechanism. The front 
part of a vertebra is shaped like half a tennis ball 
while the back of the previous vertebra shows a 
concavity matching the convexity of the following 

vertebrae. Vertebrae rotate around each other. During flexion for instance, the 
rotation occurs as illustrated by the red arrow and the dorsal spines separate from 
each other. During extension, the rotation goes the other way and dorsal spine 
became closer. (This diagram is by Jean Marie Denoix. We just added the red arrow.) 
However, the reality is three dimensional as the vertebrae also rotate for lateral 
bending as well as transversal rotations.  
 
 
 
 

 
Nature cleverly adapted vertebral anatomical features to the function. Richard Tucker 
wrote, “When one side of the body is supported by the limb on support, the other side 
is pulled down by gravity.” Watching Eadweard Muybridge picture series, we can 
visualize Tucker’s observation. On the left picture, the left front leg is on the ground 
supporting the left side of the horse’s body. The right front limb is now off the ground 
into the swing phase. Gravity pulls the right side of the body downward as illustrated 
by the red arrow. This is referred to as “passive rotation.” If not corrected, such 



passive rotation would hamper the forward movement of the right front limb. The 
passive rotation is therefore immediately converted by the muscular system of the 
forelegs, as well as the back muscles, into an active rotation turning the thoracic spine 
in the opposite direction. 
 
 
As the left front leg moves back, the thoracic spine bends laterally to the left and the 
rotation shifts the dorsal spines toward the left. This is named right rotation as the 
scientific world name the rotation by the direction faced by the ventral part of the 
vertebral bodies. When the dorsal spinous processes turn left, giving to the rider the 
feeling of left rotation, the scientific world defines the rotation as right rotation. This is 
a little confusing and this is why we talk about the direction of the dorsal spines. 
 
This diagram created by Jean Marie Denoix, DVM, PhD, illustrates a left lateral 
bending coupled with a rotation shifting the dorsal spines to the left. This rotation, 
which is the correct rotation, is referred to as right rotation since the ventral part of 
the vertebral bodies is facing right. 
 
 
 
Even if they have been comprehensively explained in 
1999, transversal rotations have always been there. 
Classic authors interpreted and explained them 
differently. The expression dropping the shoulder for 
instance is simply the feeling given by an uneven 
rotation of the thoracic spine. Transversal rotations are 
going up and down, down left, up middle, down right, 
up middle, down left, up middle and so on. Mild muscle 
imbalance will induce greater rotation on one side. More 
severe back muscles imbalance will accentuate the 
rotation in one side giving the feeling that the horse 
drops the shoulder. 
 

 
Straightness, which is 
balance, forwardness, 
suppleness, easiness, 
calmness and efficiency, demands reducing the rotations 
keeping them as close as possible to the higher holding of 
the trunk between the forelegs, the middle. In order to do 
so, the rider needs to realize that he or she is the corridor. 
Riding is pure physics, interaction of forces and consequent 
actions.  On this picture, the horse is on the trot. The left 
diagonal on the stance, the right diagonal is on the swing. 
The propulsive force of the right hind leg is acting on my 
spine in the direction of the blue arrow. If  I absorb this 
force bending my vertebral column laterally, (yellow line), 
The thrust generated by the horse right hind leg aggravated 
by the lateral bending of my vertebral column would move 
the horse sideways loading the left foreleg, 

(yellow arrow). 



Instead, if  I reduce the lateral movements of my 
spine, I create a corridor channeling the horse 
forces in a straight forward direction.  
The upper thighs are truly the parts of the rider 
body enveloping the horse’s thoracic spine. The 
corridor needs therefore to include the back, the 
pelvic and the upper thighs The calves control the 
hind legs, continuing the corridor created by the 
rider’s body. 
 
 
 
 
 
 

 
 
 

 
 
 

 
Narrowing the corridor does not mean squeezing 
the horse between the calves and the upper 
thighs                    
Narrowing the corridor means feeling and controlling 
in the calves the eventual deviation of the croup and 
feeling and controlling in the upper thighs, the pelvis 
and the back, the eventual deviations of the horse’s 
shoulders. 
 
Straightness, balance, forwardness, suppleness, 
easiness, calmness and efficiency, are one and the 
same. General Lhotte magisterially summarized the 



concept in three words, Forward, Straight and Calm. The calmness suggested by 
General Lhotte is not the one of gained through poor nutrition and/or drugs. Calmness 
in action is the serenity and confidence of an athlete properly developed and 
coordinated for the athletic demand of the performance. 
To be continue. 
 
 
“Sometime, animals try out combinations of search image and movement during play 
and find a use for it later.”   (William Calvin. Emergence of human intelligence) 
 
Charpege is at the canter. As the hind legs alight, gravity (G) is pulling her body down 
to earth and inertia (I) is pushing her body forward. At this instant, both hind legs 
impact resisting the combination of gravity and inertia forces.   
 

  
At impact and during about 45% of the stance, the alighting hind legs resist the 
combination of gravity and inertia forces, (black and blue arrow.). James Rooney uses 
the expression “acceleration of gravity.” 
 
This is the beginning of the “braking” or decelerating phase. Braking is the scientific 
appellation. I prefer “decelerating” as it is truly what the hind legs are doing; they 
resist and absorb accelerations of gravity. 
 

 
The decelerating phase lasts from impact to the “Peak vertical,” which is the moment 



illustrated on the right picture where the hind legs are acting vertically onto the 
ground. (At the trot, only one hind leg is on the ground.)  After the “peak vertical,” 
the hind legs start their propulsive activity.  The propulsive force generated by the 
hind legs is therefore a force in the direction of the motion.  
 
 

 
 
 
When the horse is not bouncing, as 
shown on this picture, the propulsive 
force generated by the hind legs is 
mostly horizontal. 
 
 
 
 
 
 
 
 
 

 
 
 
  
 
 
 
 
During the decelerating phase, the hind legs 
structure resists accelerations of gravity storing 
elastic strain energy in the tendons, ligaments, 
aponeurosis and muscles. This energy is reused for 
the following propulsive phase and forward swing of 
the hind leg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



You are now familiar with the concept of 
elastic strain energy stored in the long 
tendons during the decelerating phase and 
reused during the swing. 
 
You know that the same phenomenon of 
storage and recoil of elastic strain energy 
occurs in the aponeurosis of muscles such as 
the serratus ventralis thoracis of the forelegs 
and Tensor fascia lata of the hind legs. 
 
During our discussion about the psoas, we 
have explained that the elastic strain energy 
stored in the aponeurosis of the tensor fascia 
lata was greatly responsible for the forward 
swing of the hind limb. 
 
Gravity is also pulling the body down to earth 
and the back muscles have to resist 
converting part of the thrust generated by the 

hind legs into vertical forces. This is done by the muscular system situated above the 
vertebrae. 
 
 
The following diagram only represents the fascicles of the longissimus dorsi muscle. 
The diagram has been created in 1946 by L. J. SLijper. It was already known at this 
time that the theories describing the main back muscles as long bungee cords were 
inaccurate. On this diagram, SLijper illustrates only the fascicles of the longissimus 
muscles, which are oriented forward, oblique and downward.   

 
Oriented the other way are the fascicles of the multifidius that also bridge about three 
vertebrae and are oriented backward, oblique and downward. We have explained in 
the course how these muscles inserted in oblique form the dorsal spines to the 
articular facets were capable of creating upward forces. On the following picture, you 
can easily visualize how the back muscles resist the attraction of gravity converting a 
percentage of the thrust generated by the hind legs into vertical forces, which are 
illustrated in red arrows on this diagram. 

 



 
Once the hind legs are in the propulsive phase, it is he muscular system of the 
thoracolumbar column which converts the propulsive thrust generated by the hind 
legs into greater horizontal or vertical forces. If the horse decides converting the 
thrust generated by the hind legs into a bounce, as it is the case in this picture, 
the  back muscles convert the propulsive force of the hind legs into more vertical 
forces. The same muscular work will be done if the horse converts the hind legs 
propulsive activities into balance control. 
 
It is all done from the hind legs forward through the thoracolumbar spine. There is no 
backward shift of the weight as falsly promoted in the theories of half halt.   

 
The equestrian art is pure physics and no art can be truly achieved without sound 
understanding of the physics of balance. At the level of the hind legs and the 
thoracolmbar column, it is all about the work of the muscles, tendons, fascia and 
ligaments storing energy during the decelerating phase and using the stored energy 
during the propulsive phase. 
 



The thrust generated by the hind legs is basically a force in the direction of the motion 
that is converted by the back muscles into greater vertical forces. 
Jean Luc 
 
This article is part of the 2015 Science of Motion International Conference. “The 
meaning of life is the subject presented by Jean Luc, both in theory and through riding 
and in hand demonstrations.   
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