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CHAPTER I 

ORIENTATION TO THE STUDY 

Introduction 

In recent years horseback riding has gained in popu­

larity as a therapeutic tool for the physically handicapped. 

Case studies of handicapped riders engaged in these pro­

grams seem to indicate that gains in muscular strength, bal­

ance, and coordination are achieved through horseback riding 

(Gerster, 1976; Rosenthal, 1975; Saywell, 1975). 

To achieve success on horseback, riding instructors 

stress four majo~ factors in attaining a functionally 

"sound" or "balanced seat." These factors include (a) close 

thigh and leg contact with the saddle and ·horse•s ·body; 

(b) keeping the body balanced over the center of gravity of 

the horse; (c) sitting deep in the saddle, with weight down 

in the heels; and (d) carrying the body weight on the pelvis 

to ensure flexibility in riding with the movements of the 

horse . If all four factors are crucial to success on horse­

back, then people with disabilities involving amputation of 

various parts of the lower body, or paralysis and/or weak­

ness of the trunk or lower extremities may experience 

limited success on horseback. 

1 
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Although the above factors are regarded as important 

for success on horseback, actual documentation of the body's 

position and movement in relationship to the movements of 

the horse i s limited. Observation has, for the most part, 

been the instrument through which body positioning and move­

ment have been analyzed. It was not until the use of motion 

photography by ReQua (1939) and White (1940) that objective 

measurement of body position was attempted. These studies 

focus ed primarily on ascertaining differences in "riding 

seats" and substantiating the effect of a new teaching 

method . No studies to date have been found which actually 

support the view that successful ~iders keep their body 

weight down in the saddle, and move efficiently on the horse 

during a walk, slow trot, or canter. 

Even though motion photography has not been used ex­

tensively in the study of horsemanship, studies conducted 

by researchers studying gait patterns and kinematics of the 

forelimbs of horses have found it to be a very useful too l 

(Fredricson, Drevemo, Moen , Dandanell , & Andersson, 1 972; 

Wentink, 1978). Plagenhoef (1971), a researcher involved 

in the study of human movement, implied that it is one of 

the best methods f or studying human movement. 

Since motion photography has proven to be an effective 

tool in the study of human movement as well as equine 
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movement, it was the intent of the researcher to use this 

tool in order to describe and compare handicapped and non­

handicapped riders. Of special interest to the investigator 

were: (a) the changes in the position of the rider's head 

a n d trunk relative to the movement pattern of the horse; 

(b) the changes in the position of the center of gravity 

relative to the stability of the rider and to changes in the 

head and t r unk, and (c) changes in the trunk velocity and 

acceler at ion relative to the changes in the position of the 

trunk. By doing so, the researcher hoped to provide insight 

into t he d ifferences in head, trunk, and center of gravity 

positions observed between the two handicapped riders and 

two control riders. 

Purpose of the Study 

The p urpose of the study was to observe, through c i ne­

matographic a n a l ys is, di fferences in the position changes 

o f the head, trunk , and cen ter of gravity between the handi ­

capped riders a nd the contr o l riders, during the movement 

changes of the horse . In a d d i tion, changes in trunk veloc­

ity and acceleration relative to changes in the position of 

the trunk were to b e e xamined. Such an investigation would 

contribute t o t he exi s ting v o i d i n the literature regarding 

k inematic analysi s of hors e back ridi ng, and the movement 

patterns of the physical ly handi capped. 
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Statement of the Problem 

The problem selected for study was to examine, through 

analysis of filmed data, changes in: (a) head position; 

(b) trunk position; (c) center of gravity position; 

(d) absolute displacement; (e) absolute velocity; and 

(f) absolute acceleration of the rider's trunk during the 

various movement changes of the horse. Subjects for the 

study were four college students; two had lower extremity 

disabilities , and two did not. The physically handicapped 

adults selected for the study consisted of one male with 

bilateral leg amputations above the knee and one female 

with surgically released contractures of the internal 

rotators of the legs. The other two were free of disabili­

tie s and served as control riders. 

Prior to filming, appropriate saddle selection, as well 

as a 10 week course in horsemanship, was conducted for the 

handicapped riders. A western saddle, with its horn and 

swell construction, was selected for the male handicapped 

subject because it gave him greater trunk stabilization. 

An English saddle with its reduction in padding was selected 

for the female handicapped subject in order to ensure 

greate r saddle contact with the weakened rotators. The con­

trol riders were chosen on the basis of the sex and the type 

of saddle used by the handicapped riders. The male control 
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was proficient in western riding and the female control was 

proficient in English riding. 

Instruction in horsemanship centered around indepen­

dence in starting and stopping a horse as well as maintain­

ing a ''balanced seat" at the walk and trot. Film data were 

collected on each of the riders during: (a) stop-walk; 

(b) walk-trot; (c) trot-halt; and (d) walk-halt. 

The following items were evaluated in order to describe 

the observed differences and similarities in the position 

and displacement of the head, trunk, and center of gravity 

among the horseback riders: 

1 . The initial position of the head, trunk, and center 

of gravity as viewed from the side. 

2. The initial displacement of the head, trunk, and 

center of gravity as viewed from the side. 

3. The frontal displacement pattern of the head, 

trunk , and center of gravity as viewed from the side. 

4. The initial position of the head, trunk and center 

of gravity as viewed from the front. 

5. The initial displacement of the head, trunk, and 

center of gravity as viewed from the front. 

6. The sagittal displacement pattern of the head, 

trunk , and center o f gravity as viewed from the front. 

7. The absolute trunk displacement measured from the 

side view. 
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8. The absolute trunk velocity as calculated from the 

side view. 

9. The absolute trunk acceleration as calculated from 

the side view. 

Definitions and/or Explanations of Terms 

To contribute to a clear understanding of the problem, 

the following definitions and/or explanations of terms were 

established for use through the study. 

Physically handicapped. Those children and adults who 

have difficulty in performing physical movements as a result 

of structural abnormalities or traumatized conditions of 

their physical body (Telford & Sawry, 1972). 

Nonhandicapped. Those children and adults who do not 

pos sess structural or functional abnormalities of their 

physical body , which prevent them f rom performing normal 

physical movement . 

Gait. The locomotor pattern of the horse, either 

natural or acquired , which is characterized by a distinctive 

rhythmic movement of the hooves and legs (Ensminger, 1969). 

Walk. The locomotor movement of the horse which in­

volves four definite beats. Hoof contact is made first by 

the right hind hoof , followed by the right fore hoof, left 

hind hoof, and left fore hoof. The walk is the most stable 

and relaxed movement of the horse (Prince & Collier, 1974). 
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Slow trot. The locomotor pattern of the horse which 

involves two definite beats. It is a diagonal pattern in 

which the right front hoof and left hind hoof leave from 

and land on the ground together alternately with the left 

front hoof and right hind hoof. The slow trot involves a 

brief period of suspension when no contact with the ground 

is made (Ensminger, 1969). 

Center of gravity. The point at which the mass of the 

body is centered. This is the point about which a body or 

object would be balanced perfectly (Northrip, Logan, & 

McK inney, 1974). 

Mass. The physical volume or bulk of a solid body. It 

lS the measure of the body's resistance to acceleration 

(Amer ican Heritage Dictionary of the English Language, 1969). 

Absolute displacement. The distance a body segment has 

moved relative to a fixed point on the earth (Plagenhoef, 

1971) . 

Absolute velocity. The rate of change of a position in 

a given di rection relative to a fixed point on the earth 

(Plagenhoef, 1971). 

Absolute acceleration . The rate of change in the 

veloci ty of a given ob ject, relative to a fixed position on 

the earth (Plagenhoef, 1971). 

Sagittal displacement . The distance a body segment has 

~o red in the vertical right-left plane of the body (Wells & 

Luttqens , 1976) . 
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Frontal displacement. The distance a body segment is 

moved in the forward-backward plane of the body (Wells & 

Luttgens, 1976). 

Kinematics. The study of motion without reference to 

the forces causing motion (Northrip, Logan, & McKinney, 1974). 

Estimated Stability Range. The angular range within 

which the center of gravity should remain to maintain the 

stability of the body. This range was devised by dropping 

perpendicularsto the outer most points of the base of sup­

port (knees and buttocks for the side view, the right and 

left side of the pelvic girdle for the front view) , and 

measuring angulation from the pivot point of the trunk 

(symphysis pubis). 

Delimitations of the Study 

The study was subject to the following delimitations: 

1. Two handicapped college students, one male and one 

female, with trunk or lower leg involvement. 

2. Two nonhandicapped college students, one male and 

one female, proficient in horseback riding. 

3. Complete independence of the handicapped riders to 

maneuver their horses through the designated movement pat­

terns, after a 10 week training session. 

4. The validity, reliability, and objectivity of the 

equipment utilized. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

A thorough search of the literature produced consistent 

descriptions of the "balanced seat," placement of the saddle 

in relationship to the center of gravity of the horse, and 

the body position of the rider during movement changes of 

the horse. Changes in the center of gravity of the rider, 

as they relate to the observed changes in the body position 

of the rider, have not been researched. The effect of a 

physical handicap, specifically trunk and/or lower extremity 

involvement, upon the relationship of center of gravity of 

a rider to maintenance of a "balanced seat" has also not 

been examined . 

The following review of literature will include what 

equitation authorities consider a "balanced seat," position­

ing and construction of the saddle and body position of the 

"balanced seat" rider relative to movement changes of the 

horse . "Balanced seat" riding for the physically handi­

capped , as well as all the available research on body posi­

tion of the rider, will also be examined. 

The Balanced Seat 

The "balanced seat" is defined as the riding position 

which utilizes the least amount of muscular effort for both 

9 
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the rider and the horse. The rider moves with the horse by 

keeping the body's center of gravity over the center of 

gravity of the horse (Ensminger, 1969). 

Riding balance is maintained primarily through the 

shifting of the upper body over its fixed base of support 

(the thighs, knees, shanks, and ankles) in accordance with 

the extension a nd flexion of the horse's body. The degree 

of forward inc lination in the upper body is dependent upon 

the speed and gait of the horse (Collier & Prince, 1974; 

Ensminger, 1969). 

The "balanced seat" developed differently in English 

and western riding. The English version of the "balanced 

seat" is a modification of the forward seat introduced by 

Federico Caprilli in 1900 (Wilding & Savitt, 1973). The 

forward seat, under Caprilli, was developed to ensure maxi­

mum freedom of movement for the horse. Maximum freedom is 

maintained by keeping the rider's center of gravity over the 

natural center of gravity of the horse. Body position at 

the standstill is slightly forward of the vertical, or just 

behind the elbows of the horse (Miller, 1975; Wilding & 

Savitt , 1973) . Body position at the canter, gallop, or jump 

is also forward and is relative to the speed and head posi­

t ion of the horse (British Horse Society, 1972) . Stirrups 

are shortened and the seat raised out of the saddle to 

a ccomplish the forward position (Wilding & Savitt, 1973) . 
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Unrestrained forward movement of the horse's head was 

originally stressed, causing the rider to be placed further 

and further forward on the horse's neck. Opinions changed, 

and stress was placed on shifting the horse's weight back­

ward, to develop the horse's hindquarters and leg muscles 

for better balance and propulsion. The shift of the horse's 

weigh t backward resulted in a corresponding change in the 

rider's position. The rider's position became more erect. 

Stirrups were lengthened and the seat of the rider pushed 

down into the saddle to maintain the erect position over the 

horse' s center of gravity (Collier & Prince, 1974). 

The western version of the "balanced seat" evolved out 

of the daily work on the range. To remain seated astride 

a fast and agile horse during the cutting of cattle, the 

cowhand had to develop a firm deep seat. Stirrups were 

lengthened and carried f orward of the cinch strap, to aid in 

thrusting the rider ' s weight down into the saddle (Mohan & 

Mohan , 19 6 3 ) . 

Positioning and Construction of the Saddle 

Saddle placement and construction are vital factors in 

keeping the rider balanced over the center of gravity of 

the horse (Prince & Collier, 1973). Placement of the deepest 

part of the saddle's seat over the center of gravity of the 

horse allows the rider to experienc e only a minimal amount 
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of the horse's movement {Miller, 1975; Prince & Collier, 

1973). 

Saddles which are too long for either the horse or the 

rider will place the rider behind the center of gravity of 

the horse. The horse will be hindered in his movement by 

an unbalanced weight. The rider will be hindered in his 

or her ability to maintain the "balanced seat" by the in-

creased amount of movement experienced and the fatiguing 

stress placed on the thigh and lower leg. Saddles which 

are too short place the rider forward of the deepest ·and 

most comfortable portion of the saddle {Prince & Collier, 

1974; Stoneridge, 1968). 

Placement of the saddle over the center of gravity of 

the horse is dependent upon the attachment points of the 

rigging (Miller, 1975). Rigging attachments on basic 

English saddles are perpendicular to the pommel. This 

p l aces the deepest part of the saddle and the rider some 6 i 
to 14 in. behind the elbow of the horse and over the centeJ 

of gravity of the horse. Rigging attachments on the forward 

saddle are p laced to the rear of the pommel, causing the 

rider's body to be forward of the center of gravity of the 

horse (Mohan & Mohan , 1963; Wilding & Savitt, 1973). 

Rigging attachments on western saddles vary consider-

ably. Texas roping saddles use rim fire or fully rigged 
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attachments, which hang perpendicular to the horn of the 

saddle. Saddles with rim fire attachments place the horn 

over the center of gravity of the horse, thus helping the 

horse absorb the jerk of a roped steer. Placement of the 

rider using a saddle with a rim fire rigging, is behind the 

center of gravity of the horse (Miller, 1975). 

Center fire riggings were used by dally ropers in Cali­

fornia and the Pacific Northwest. Center fire rigging 

attachments hang perpendicular to the center of the saddle, 

placing the weight of the rider over the center of gravity 

of the horse. Center fire rigging allows the horse to carry 

the weight of the ride r more efficiently, but jerks from 

roped steers are difficult for the horse to absorb (Miller, 

1975) . 

A compromise between the rim fire and the center fire 

rigged saddles evolved in the early 1900's in the form of 

the 3/4 rig. The 2/4 rigged attachments are placed halfway 

between the center fi re and rim fire positions. The 3/4 

rigged saddle places the rider over the center of gravity of 

the horse, yet can also be u sed for roping. It has vir­

tually replaced the center fire rigging and is preferred by 

horse breakers and cutting and reined horse riders. It is 

the only rigging allowed for rodeo saddle bronc riders, and 

is used extensively in equitation and pleasure riding 

(Miller, 1975). 
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Other rigging positions are used, but not extensively. 

There are 5/8 and 7/8 rigged saddles available, but they are 

not used as much as the 3/4 rigged position (Miller, 1975). 

Stirrup position also aids in placing the rider's 

weight over the center of gravity of the horse. On a basic 

Engli s h saddle, the stirrups hang over the cinch and the 

horse's center of gravity. This position enables the rider 

to maintain his or her riding position more easily over the 

center of gravity of the horse. 

On a 3/4 rigged western saddle, the stirrups hang over 

the cinch and consequently over the center of gravity of 

the horse . On a full rigged or rim fire saddle, the stir-

rups hang behind the c inch and likewise behind the horse's 

center of gravity . This makes it difficult, if not impos-

sible, for the rider's weight to be over the horse's center 

of gravity . Bronc riders, as well as jockeys, hang the 

stirrups slightly in front of the center of gravity giving 

the rider the best leg position for riding the horse and 

the least interference with the horse (Miller, 1975). 

Body Position of the Rider Relative to 
Movement Changes of the Horse 

Authorities claim that the horse's center of gravity 

is displaced (forward, backward , or to the side) as speed 

of travel, degree o f extension or flexion of the body and 

the lateral movement of the horse changes (British Horse 
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Society, 1972; Prince & Collier, 1974; Weikel, 1971). The 

horseback rider remains in equilibrium with the horse by 

shifting the upper trunk and, consequently, the center of 

gravity forward, backward or to the side with the movement 

of the horse (Mohan & Mohan, 1963; Prince & Collier, 1974; 

Weikel, 1971). Freedom to move the upper body with the 

horse is achieved by keeping t he legs and feet virtually 

stationary in the 11 basic seat " position from the hip joint 

down, and maintaining a deep firm seat in the saddle 

(Miller, 1975). 

The legs are kept in the "basic seat" position by main­

taining light contact with the horse from the lower calf of 

the leg up through the thigh, and keeping the weight down 

in the heels. A deep firm seat is achieved by relaxing the 

muscle s in the buttocks, sitting on the strongest and deep­

est part of the horse's back and supporting body weight on 

the pelvic bones (Prince & Collier, 1974; Weikel, 1971; 

Wilding & Savitt, 1973). Flexibility in the upper trunk is 

achieved by keeping the back relaxed and slightly hollow 

with the shoulders in line with the hips and balanced over 

the feet (Prince & Collier, 1974 ; Weikel, 1971). 

Movement f rom the stop to the walk involves a slight 

f orward inclination of the upper trunk for cueing and 

initial movement. At the walk, the trunk will resume its 
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original vertical position and will move slightly in rhythm 

with the natural movements of the horse (British Horse 

Society, 1972). 

Movement from the walk to the sitting trot involves a 

slight forward inclination of the upper trunk for cueing and 

initial movement change so the rider is "with" the horse 

(Weikel, 1971). At the slow trot, the upper trunk will be 

brought back to a position slightly behind the vertical. 

The weight will still be on the pelvic bones to avoid being 

bounced out of the seat from the upward thrust of the horse's 

movement (Wilding & Savitt, 1973). 

Movement from the slow trot to the faster posting trot 

involves movement of the upper trunk from behind the verti­

cal to slightly in front of the vertical for cueing the 

initial change in the pace of the movement. The faster pace 

of the horse throws the rider's body forward and upward. 

The rider l eans forward raising himself out of the seat by 

straightening and bending his knees in order to remain bal­

anced over the horse's center of gravity (Weikel, 1971; 

Wilding & Savitt, 1973). 

Movement from the sitting trot into the canter or lope 

involves a lateral transfer of weight to the right or left 

for cueing of initial movement. Back muscles are relaxed 

allowing the rider to sit deep in the saddle. The upper 
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body is vertical during a collected canter or slightly for­

ward if the canter is more extended. The majority of the 

work is done by the pelvis as it moves back and forth with 

the motion of the horse (Prince & Collier, 1974; Wilding & 

Savitt, 1973). 

Movement from an established gait to a stop involves 

inclination of the upper trunk and body weight backward to 

the original vertical position of the "balanced seat." A 

progressive slowdown from a faster gait to a slower gait is 

recommended for pleasure riders (Prince & Collier, 1974). 

Slight differences in English and western riding exist. 

The English style of riding involves a little more forward 

inclination of the upper trunk t han in the western style. 

More weight is placed on the upper thighs than is placed in 

the seat. English riders have a stiffer back position than 

western riders; that is, more concave than convex (Weikel, 

1971). The English riders ride with shorter stirrups. This 

pushes the lower leg forward of the vertical position 

assumed by the western rider (Miller, 1975). Differences 

between the two styles of riding do exist, but both styles 

of riding adhere to the basic principles and positioning of 

the "balanced seat" (Prince & Collier, 1974). 
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Balanced Seat Riding for the 
Phys1cally Hand1capped 

The "balanced seat" is the recommended style of riding 

for the physically handicapped (Davis, 1967). Authorities 

claim that students who lack strength and coordination in 

their legs can still ride a "balanced seat" by using the 

muscles of their upper trunk for balance and cueing of the 

horse (Davis, 1967; McCowan, 1972). 

The theoretical aspect of riding a 11 balanced seat" is 

the same for the physically handicapped rider as it is for 

the normal rider. A balanced rider must be in complete uni-

son with the movement and balance of the horse. The rider 

must adopt a position that corresponds with the center of 

gravity of the horse. Attainment of the appropriate posi-

tion is accomplished by placing the weight of the rider deep 

in the saddle supported by the pelvic or "sitting bones." 

The back is erect with the muscles relaxed and supple. A 

stiff or hollow back throws the rider forward on the crotch. 

A collapsed or rounded back places the weight onto the base 

of the spine resulting in the rider being "left behind" 

(Davis, 1967). 

Students with spasticity in the leg and trunk muscles 

e nhance their riding seats through cultivation and develop-

rne nt of postural sensation (Reichenback , 1976). Postural 

sensation i s developed through relaxation of the spastic 
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muscles. Relaxation is obtained through the natural stretch 

placed on the spastic muscles when mounted, through the 

warmth of the horse's body when riding, and through the 

constant rhythmical movement of the horse (Hengst, 1976; 

Reichenback, 1976). Once relaxation is attained, the rider 

will sink deeper into the seat, and strive to maintain the 

body in a vertical line with the movements of the horse 

(Davis, 1967). 

Students suffering from muscular deterioration enhance 

their balance and riding seats by constantly attempting to 

maintain the upper trunk in the "balanced seat" position. 

Maintenance of the "balanced seat," in view of the muscular 

deterioration, is dependent upon the extent non-affected 

muscles are taxed to take the place of the deteriorated 

muscles. By constantly striving to duplicate and maintain 

the desired position, non-affected muscles are encouraged to 

take on the function of the affected musculature. Compensa­

tory positioning of the other parts of the body will aid in 

maintaining the desired position as well (Davis, 1967). 

Riders with amputations of the lower extremities en­

hance their riding seats through the strengthening of the 

weakened musculature left intact. Persons with amputations 

below the knee retain sufficient knee and stump control to 

maintai n a stable seat (Adams, Daniel, & Rullman, 1972). 
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Persons with bilateral or unilateral amputations above the 

knee require strengthening of the hip extensors on one or 

both sides. Weakness in the hip extensors could cause the 

rider to be thrown from his seat due to the inability of the 

hip extensors to counter balance the forward motion of the 

horse (Krusen, Kottke, & Ellwood, 1971). Because of the 

physical shortening of a muscle, a decrease in the contract-

ing force may require other not normally active muscles to 

t ake over the function of the weakened muscle. Retraining 

of a muscle or muscle group to take over the function of the 

weakened muscle or muscle group is accomplished through 

constant repetition and refinement of the task (Davis, 1967). 

Available Research on th,e Body Position 
of the Rider· During Movement 

Changes of the Horse 

Only two studies were found which were focused on the 

b ody position of a horseback rider during the movement 

changes of the horse. In both studies, motion photography 

was used in order to obtain objective measurements. 

ReQua (19 39) studied the differences in riding position 

during a walk, posting trot, and canter for Park-Style, 

f orward seat, and show-ring riding. A checklist of the 

essen tia l eleme nts involved in proper body positioning dur-

ing a walk , post i ng trot and canter was compiled according 

to sta t e ments made by authorities in the literature. Review 

of the c h ecklist i ndicated that the rider's position was 
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thought to vary little, if any at all, except during the 

posting trot. 

To substantiate the reports of authorities, motion pic­

tures were taken at the walk, trot, and canter for analysis 

of the body position of the rider. Data gained through the 

use of motion pictures were reviewed according to the posi­

tion of the body parts in relationship to each other and the 

movements of the body parts to maintain a balanced position. 

Four adult subjects were filmed. ·Three of the subjects 

were proficient in one of the three designated seats: park, 

forward, or show. The fourth subject was a beginner in 

horseback riding. 

The films were used to determine whether the riders 

maintained the same body position during each of the three 

gaits. In addition, ReQua attempted to determine what type 

joint movement, if any, occurred in the body while adjust­

ing to the various gaits of the horse. 

Tracings were made of each rider during a walk, post­

ing trot, trot, and canter. Each tracing was superimposed 

on the preceding one . The saddle was kept stationary by 

using the outline of the cantle as a fixed point; this 

allowed body deviation to be measured. Angles formed by 

the hips, knees, and ankles were also determined. 

Results indicated that none of the four riders changed 

position noticeably at the walk. Body position remained 
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virtually the same for the riders of the individual seats 

during the trot and canter. The only major difference 

observed between the riders of the individual seats was the 

height of their "rise" during the posting trot. The begin­

ner showed more movement during the trot and canter than the 

other experienced riders. 

White (1940) studied differences in pelvic, thigh, and 

lower leg movement of beginning riders before and after the 

u se of a speci f ic teaching method designed to aid in keeping 

riding seats dur i ng a canter. The specific teaching method 

stressed the preservation of contact with the saddle through 

suppleness of the back, and tilting of the pelvis in rela­

tionship to the horizonta l movement of the horse. Motion 

photography was used to collect and evaluate the results. 

Two adults classified as elementary riders were the 

subjects for the investigation. The subjects received in­

struction in the canter using the experimental method; 

instruction was give n one hour a day for six consecutive 

days . A special apparatus designed to measure pelvic, 

thigh , and lower leg action was worn by the subjects during 

filming. 

Effectiveness of the technique was analyzed by motion 

pictures taken before and after the teaching method was 

introduced . Changes occurring in body position were mea­

sured by analyzing the film taken from the lateral view. 
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Each of the riders wore the apparatus and were filmed during 

three consecutive trials of riding at the canter. Tracings 

were made of each rider and the position of the apparatus 

for each of the three trials. The angles formed by the 

apparatus at the hip and knee were measured by protractors. 

The results were compared for all trials for each subject 

before and after the experimental period. 

The findings indicated that there was improvements in 

the ability to ride the canter. Before the introduction of 

the teaching method, movement of the thigh and lower leg 

predominated the pattern, causing the riders to lose contact 

with the saddle. After the introduction of the teaching 

method, an increase in the action of the pelvis and a 

decrease in the action of the thigh and lower leg was noted. 

This change allowed the riders to remain in contact with the 

saddle. 



CHAPTER III 

PROCEDURES FOLLOWED IN THE DEVELOPMENT 

OF THE STUDY 

The purpose of the study was to describe differences 

in (a) positioning of the head and trunk, (b) positioning 

of the center of gravity, and (c) velocity and acceleration 

of the t runk between handicapped and nonhandicapped horse­

back riders during the various movement changes of the 

horse. The two nonhandicapped riders were chosen to serve 

as comparison models for interpretation of the positioning 

and velocity-acceleration differences seen in handicapped 

riders. 

The two handicapped riders with lower extremity in­

volvement were chosen to (a) describe changes in the posi­

t ion of the head, trunk, and center of gravity for a person 

with minimal contact surface of the legs; (b) describe 

changes in the position of the head, trunk, and center of 

g ravity for a person with weak and unequal contact in the 

legs; (c) describe changes in the location of the center of 

g r a vity as they relate to stability and head and trunk dis­

placement; (d) describe changes in the velocity and accelera­

tion o f the trunk; and (e) compare the nonhandicapped control 

24 
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riders with the handicapped riders for added insight into 

problem areas specific to each ~ider. 

The procedures used in the development of this snudy 

are described in this chapter in the following sections: 

(a) Preliminary Procedures; (b) Selection and Description 

of the Subjects; (c) Collection of the Data; (d) Organiza­

tion and Treatment of Data; and (e) Preparation of the Final 

Written Report. 

Preliminary Procedures 

Prior to the collection of data, certain preliminary 

procedures were followed. Permission to conduct the study 

was secured from the Human Subjects Review Committee of the 

Texas Woman's University. All available information perti­

nent to the study was collected, reviewed, and assimilated. 

A tentative outline was developed and presented to the 

Thesis Committee. Suggestions made by the Thesis Committee 

were incorporated into the revision of the outline. The 

revised outline was filed in the form of a Prospectus in 

the office of the Provost of the Graduate School of the 

Texas Woman's University . 

Selection and Description of the Subjects 

Selection of the subjects for this study was based upon 

the following criteria : (a) one female subject, nonhandi­

capped and proficient in English riding; (b) one male 
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subject, nonhandicapped and proficient in western riding; 

(c) one female subject, handicapped with trunk or lower 

extremity involvement, and independent on horseback after 

10 weeks of riding instruction; (d) one male subject, handi­

capped with trunk or lower extremity involvement, and inde­

pendent on horseback after 10 weeks of riding instruction; 

(e) handicapped subjects who had medical clearance; and 

(f) subjects who had signed consent and photographic release 

forms. 

The handicapped subjects involved in the study were 

college students enrolled at Texas Woman's University, Spring 

semester , 1977. Each one was contacted individually and the 

nature of the study was outlined. Consent and photographic 

release forms were signed and the handicapped subjects en­

rolled in a 10 week riding program. Independence on horse­

back was assessed at the end of the 10 week program. The 

nonhandicapped subjects were also college aged students. 

The female subject was enrolled at Texas Woman's Univers i ty, 

owned her own horses and had ridden in English horsemanship 

competition f o r several years. The male subject was employed 

a s a riding instructor and general handyman at Estes Stables 

i n Denton , Texas. 

Collection of Data 

Prior to filming, 10 weeks of riding i nstruction was 

given to the handicapped riders to establish their 
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independence in initiating and riding the movement sequences 

used in the study. At the end of the 10 week period, a film 

date was set. Prior to filming, each of the subjects was 

marked on both sides of the body with black dots on white 

adhesive tape. These markings were made in order to identify 

the joint centers. 

The instruments chosen to collect film data for the 

study included three 16mm motion picture cameras. A Locam 

camera was placed laterally to the subject at a distance of 

70.9 ft. (21.6lm); a Photosonic IVN-200 was placed in front 

of and at right angles to the subject at a distance of 144 

ft. (43.89m); and a Bell and Howell HR-70 was placed at a 

45° angle between the other cameras, 77.2 ft. (23.53m) from 

the subject. All three cameras were set at 32 frames per 

second. A Sekonic light meter was used to determine the 

f-stop setting which varied from 5.6 to 16 during filming. 

The film used was Kodak black and white Tri-X Reversal film 

with an ASA of 200. Four film clips were taken of each sub­

ject as he or she transversed a 24 ft. (7.32m) area perform­

ing the designated movement sequences. Cameras were cued to 

start filming when the researcher's hand was raised, and to 

stop when the researcher's hand dropped. 

Organization and Treatment of Data 

Initial v iewing of the film was done on a Lafayette 

Stop-Action Projector. Frame by frame tracings of each 
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filmed sequence, front and side, were made on a glass top 

tracing table. Magnification of the projector image onto 

the tracing table was accomplished through a series of 

t hree 45° angled mirrors. 

Center of gravity information was extracted from the 

tracings through the use of the Numonics Graphic Calculator 

inte r faced with a Hewlett-Packard 9810A Calculator/Computer. 

The computed head/neck, trunk, and center of gravity coor­

dinates were p l otted fo r each subject, tracing by tracing, 

for each of the movement sequences. 

Body movement, when plotted frame by frame, was minimal 

and no useful information could be obtained. The researcher 

then p lotted coordinate points for every fifth frame; later 

ever y t en t h frame was traced and plotted. After consulta­

tion of the The sis Committee, a decision was made to use 

the i n f ormation obtained f rom tracings made every tenth 

fr ame . 

Interes ted in t h e e ff e c t trunk displacement had on dif­

f erences in velocity and acceleration, the researcher calcu­

l ated and plotted t he absolute trunk displacement, velocity, 

and accelerat i on measured f r om the lateral view. Displace­

ment was measured by protrac t or and plotted on graph paper. 

The researcher then smooth e d the curve by hand and corrected 

po ints not falling on the line . Tangents representing the 

time interval between tracings we re then drawn to each point 
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on the displacement curve. Measurement of the slope of the 

tangent for each point resulted in the instantaneous veloc­

ity (Plagenhoef, 1971). The cal6ulated velocities were then 

plotted on graph paper, the curve was hand smoothed, and the 

points were corrected. As before, tangents were drawn to 

each point on the velocity curve. The slope of the tangent 

was measured, and acceleration was calculated. The calcu­

lated accelerations were plotted, the curve was hand 

smoothed, and po ints not on the curve were corrected. Dis­

placement, velocity, and acceleration curves were compared 

between the handicapped riders and the control riders. 

Preparation of Final Written Report 

Preparation of the final written report included pre­

sentation of the findings, a summary of the findings, a 

statement of conclusion, implications of the findings, and 

recommendations f9r further studies. References were com­

piled and an appendix developed to complete the written 

report. 



CHAPTER IV 

PRESENTATION OF THE FINDINGS 

The present study was conducted to describe and com-

pare changes in positions of the head, trunk, and the cen-

ter of gravity of handicapped riders and nonhandicapped 

riders. Differences in trunk displacement, velocity, and 

acceleration were also examined. Four college students, 

two wi th trunk and/or lower extremity handicaps and two 

without, served as the subjects (see Table 1). The physi-

cally handicapped subjects who participated in the study 

Table 1 

Description of Status Variables of the Subjects 

Subject a 

1 

2 

3 

4 

Age 

25 

21 

24 

29 

Orthopedic Status 

Normal 

Released contractures of the 
internal rotators of the legs 

Normal 

Bilateral amputee (above the knee) 

aSubjects 1 and 2 were females; subjects 3 and 4 were 

males . 

30 
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consisted of one male with bilateral leg amputations above 

the knee and one female with released contractures of the 

internal rotators of the legs. The two nonhandicapped 

riders consisted of one male proficient in Western riding 

and one female proficient in English riding. 

Descriptive data were collected by plotting the 

coordinates of the head, trunk, and center of gravity as 

obtained by digitizing the joint centers marked on the film 

tracings of each rider. The information was examined, 

described, and compared in the following ways: (a) differ­

ence s and/or similarities in the trunk movement of the sub­

jects as compared to the pattern of movement outlined in 

the literature (British Horse Society, 1972); (b) differ­

e nces and/or similarities in the forward-backward and side~ 

to-side trunk position of the handicapped riders and the 

c ontrol (nonhandicapped) riders; (c) differences and/or 

s i milarities in the forward-backward and side-to-side 

position of the center of gravity between the handicapped 

ri d e rs and control riders; (d) position of the center of 

~ ravity in relationship to the boundaries of the base of 

s upport ; (e) differences and/or similarities in head posi­

ti on be tween the handicapped riders and the control riders; 

and (f) differences and/or similarities in the forward­

backward trunk displacement , velocity, and acceleration 
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between the handicapped riders and the control riders. The 

findings are presented in this chapter. 

Pattern of Trunk Movement 

Authorities believe that horseback riders remain in 

equilibrium with the horse by keeping the center of gravity 

over the center of gravity of the horse. Upper trunk move­

ment is believed to be indicative of the rider's attempt to 

keep his center of gravity over the center of gravity of 

the horse. Movement patterns of the trunk during different 

movement phases of the horse are recorded in the literature 

(British Horse Society, 1972). Variations in the movement 

of the trunk are based upon the speed, forward-backward, 

and lateral movements of the horse (Mohan & Mohan, 1963; 

Prince & Collier, 1974; Weikel, 1971). The problem of this 

part of the study was to determine whether the riders fol­

lowed the pattern of movement of the trunk as recorded in 

the literature. 

Recorded and Actual Forward­

Backward Movement of the Trunk 

Table 2 presents both the upper trunk movements 

reco rded in the literature, as well as the actual movements 

of the four subjects studied during the following movement 

change s of the horse: (a) stop-walk; (b) walk-halt; 

(c) walk-trot ; and (d) trot-halt. 
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Table 2 

Forward-Backward Movement of the Trunk During 

the Movement Sequences of the Horse 

Subject a/ 
Recorded Movement 

Recorded Movement 
in Literature 

1 
2 
3 
4 

Subjecta; 
Recorded Movement 

Recorded Movement 
in Literature 

1 
2 
3 
4 

Subjecta/ 
Recorded Movement 

Recorded Movement 
in Literature 

1 
2 
3 
4 

Stop-Walkb 

Initiation Walk 

F B Moves with Horse 
F F B B B F B B F 
F F B B B B B F F 
F F B B F B B 
F F F B B F 

Walk-Halt 

Walk Halt 

Moves with Horse B (Progressive 
Slowdown) 

B F B B F B F s B F B F B 
B B B F B F B F s B F F 
F B F F B B F B F B F F 
B F F F B B F F B F F B 

Walk-Trot 

Walk Initiation 

Moves with Horse F F B 
B F B B B F 
B F F B B F 
F F F B B F 
B F B F B B 



Subjecta/ 
Recorded Movement 

Recorded Movement 
in Literature 

1 
2 
3 
4 
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Table 2--Continued 

Trot-Halt 

Trot Halt 

Upper Trunk More B (Progressive 
Forward; Greater Slowdown) 
Movement with Horse 
B F B F B B F B B 
B F B F B F B F B 
F B B F B B F F B 
B F F B B F B F F 

aSubject classification: 1 = nonhandicapped female; 

2 = handicapped female, 3 = nonhandicapped male, 4 = handi-

capped male . 

bMovements and position data are entered according to the 

fo llowing key: 

F = Forward movement (decrease in the angulation of 

the trunk) . 

B = Backward movement (increase in the angulation of 

the trunk) . 

S = Same angle . 
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Actual trunk movement was measured for each subject 

by comparing the difference in the angulation of the trunk 

for each of the four movement sequences. Forward movement 

of the trunk was determined by decreases between the trunk 

angle of subsequent positions; backward movement of the 

trunk was determined by increases between the trunk angle 

of subsequent positions. Comparisons between the recorded 

movements and the actual movement of the subjects were made 

according to the specific phase of the movement sequences 

(i .e. initiation, halt, walk, and trot). 

Stop-Walk 

In Table 2, trunk movement during the initiation phase 

of the stop-walk is recorded as moving forward initially 

to cue the horse, then backward toward the vertical as the 

horse moved into the trot. All subjects followed this pat­

tern during the initiation of the stop-walk by moving 

forward for two or more movements followed by two or more 

backward movements. Movement during the walking phase was 

recorded as following the rhythmic movements of the horse. 

The researcher interpreted the rhythmic movement of the 

horse as representing a continuous pattern of forward­

backward movements common to each rider. 

During the walk, Subject 1 (nonhandicapped female) 

followed a pattern of one forward movement followed by two 
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or more backward movements. Subject 2 (handicapped female) 

did not exhibit a specific pattern, although her movement 

was p redominantly backward. Pattern of movement during the 

walk could not be determined for either Subject 3 (non­

handicapped male) or Subject 4 (handicapped male) , since 

their lateness in initiating the stop-walk sequence pre­

ven ted adequate observation of body movement at the walk. 

Walk -Halt 

Since specific movements of the trunk at the walk were 

no t r ecorded in the literature, the movement patterns 

spec ific to each rider were recorded. Subject 1 and Sub­

ject 2 appeared to follow their previous walk patterns 

until midway through the walk phase; at this point both 

Subject 1 and Subject 2 switched to a forward-backward, 

forward-backward pat t e rn. Subject 3 exhibited alternating 

movements interspersed with sus tained movements. Subject 

4 ' s movements were sustained in a pattern of two or more 

fo rward movements followed by two or more backward 

r'lovements. 

During the halt, trunk movement was recorded as moving 

backward initially , followed by a backward f luctuation of 

t-_hc trunk during the "slowdown." All four subjects moved 

backward upon initiation of the halt. Subject 1 and Sub­

iAc t 4 followed he progressive slowdown ; Subject 2 and 

~ubject 3 remained forward during the slowdown. 
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Walk-Trot 

The trunk was recorded as moving forward then back­

ward during initiation of the trot from the walk. All four 

subjects followed the initiation pattern recorded in the 

literature. 

Movement during the trot was not recorded in the 

literature. The researcher assumed the rider would move 

forward and backward with the horse. A fluctuating back­

ward-forward movement was exhibited by Subjects 1, 2, and 

3 during the trot, and a sustained movement backward was 

exhibited by Subject 4. 

Trot-Halt 

Since movement during the trot phase was not recorded 

in the literature, the movement pattern of each rider was 

recorded and interpreted . Subjects 1 and 2 both exhibited 

a forward-backward, forward-backward pattern during the 

tro t. Subjects 3 and 4 exhibited sustained movements dur-

ing different parts of the trot phase. Subject 3's sus­

tained movements occurred near the beginning, whereas Subject 

4 's sustained movements were exhibited during the majority 

of the trot. 

All four subjects' trunks moved backward during the 

ini tiation of the halt. The trunks of Subject 1 and Sub­

lect 2 fluctuated back and forth during the slowdown; the 
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trunks of Subjects 3 and 4 remained forward during the 

slowdown. 

Side-to-Side Movement of the Trunk 

The side-to-side fluctuations of the four subjects 

during the various movement changes of the horse, as 

viewed from the front, are presented in Table 3. Since no 

available information was found in the literature regarding 

the side-to-side movements of the trunk, the researcher 

noted only the general movement patterns and specific dif­

ferences between the handicapped riders and the control 

riders. Movements to the left were represented by decreases 

in trunk angle between the subsequent positions; movements 

to the right were represented by increases in trunk angle 

between the subsequent positions. Movement patterns were 

sompared by the various movement phases of the sequence 

(i . e . initiation, halt, walk, and trot). 

Stop-Walk 

As indicated in Table 3, during the initiation phase 

the trunk of Subject 1 moved right from the initial posi­

tion . The trunks of Subject 2 and Subject 3 moved left 

from the initial position. The trunk of Subject 4 followed 

a left-right , left-right pattern . 

The attern of movement during the walk phase was 

~rimarily to the left for Subject 1, whereas Subject 2 



Subject a 

1 
2 
3 
4 

Subject a 

1 
2 
3 
4 

Subject a 

1 
2 
3 
4 
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Table 3 

Right to Left Movement of the Trunk During 

the Movement Sequences of the Horse 

L R 
L L 
R L 
L R 

R R 
R L 
R L 
L s 

Wa lk 

R 
L 
R 
R 

Stop-Walkb 

Initiation Walk 

R 
L 
L 
L 

L 
R 
L 
R 

R L L R s L 
R L L L R R 
R L L R 
R L R 

Walk-Halt 

Walk 

R R L s 
L L R L L R 
R R L s 
L L R s R 

Walk-Trot 

Initiation 

L R R 
R R L 
L R R 
L s R 

Halt 

R L R R L 
L R L 
L R L L R 
R L L R 

Trot 

L L 
L R 
L L 
R L 



Subject a 

1 
2 
3 
4 
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Table 3--Continued 

Trot-Halt 

Trot 

R s L s R L 
L R R L R L R 
R L R L L R 
L R L s L R s 

Halt 

s R L 
s R 
s L L 
R R 

asubject classification: 1 = nonhandicapped female; 

2 = handicapped female, 3 = nonhandicapped male, 4 = handi-

capped male. 

bMovement and position data are entered according to the 

followi ng key: 

L = (left decreased angulation) 

R = (right increased angulation) 

S = same angle. 



41 

exhibited right movements. The patterns of movement for 

Subject 3 and Subject 4 were not fully developed because 

of the reduced number of positions available for analysis. 

Walk-Halt 

Trunk movements during the walk phase were in opposi­

tion for Subject 1 and Subject 2. The pattern of Subject 

1 was two movements to the right followed by one movement 

to the left; the pattern of Subject 2 was two movements to 

the left followed by one movement to the right. The move­

men t of Subject 3 was sustained to the right or left before 

it returned to the opposite side. Subject 4 presented a 

pat tern of two movements to the left followed by a movement 

to the right. 

During the halt phase, Subject 1 continued the pattern 

of two movements to the right followed by one movement to 

the left. Subject 2 al tered her pattern to a left, right, 

left pattern. Both Subject 3 and Subject 4 exhibited a 

movement to the right followed by two movements to the left. 

Walk -Trot 

Only one position comprised the walking phase of this 

sequence , therefore no movement pattern was determined. 

The trunk movement of Subject 1 during the initiation phase 

of the sequence exhibited a pattern of one movement to the 

left followed by two movements to the right. The trunk of 
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Subject 3 moved right, whereas the trunk of Subject 4 moved 

left during the initiation phase. The trot phase consisted 

of only two positions; the investigator was not able to 

dete rmine a fully developed pattern of movement during this 

phase. 

Trot-Halt 

During the entire trot-halt phase, the trunk of Subject 

l alternated every two positions from right to left. The 

trunk of Subject 2 moved to the right and remained right for 

an additional position before alternating between the right 

and left. The trunk positions of Subjects 3 and 4 alter­

nated from right to left initially, and ended to the left. 

During the halt, the trunk of Subject l was held to the 

lef t before alternating from right to left. The trunks of 

Subjects 2, 3, and 4 remained to the right. 

Comparison of Forward-Backward 

and Side-to-Side Movements 

The researcher compared the subjects' forward-backward 

movements with their side-to-side movements to determine 

whether a specific movement pattern emerged. The results 

are presented in Table 4. No distinct movement pattern 

em rged . 

The angular positions of each subject's trunk, as 

viewe d from the side, are presented by movement phase and 
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Table 4 

Forward-Backward and Side-to-Side Movement 

of the Trunk 

Subjectb 
Stop-Walka 

Initiation Walk 

1 F F B B B F B B F 
p R R R L L R s L 

2 F F B B B B B F F 
p L L R L L L R R 

3 F F B B F B B 
R L L R L L R 

4 F F F B B F 
L R L R L R 

Subjectb 
Walk-Halt 

Walk Halt 

1 F B B F B F s B F B F B 
R R L R R L s R L R R L 

2 B B B F B F B F s B F F 
R L R L L R L L R L R L 

3 F B F F B B F B F B F F 
R L L R R L s L R L L R 

4 B F F F B B F F B F F B 
L s R L L R s R R L L R 
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Table 4--Continued 

Walk-Trot 
Subjectb 

Walk Initiation Trot 

1 B F B B B F 
R L R R L L 

2 B F F B B F 
L R R L L R 

3 F F F B B F 
R L R R L L 

4 B F B F B B 
R L s R R L 

Trot-Halt 
Subjectb 

Trot Walk 

1 B F B F B B F B B 
R s L s R L s R L 

2 B F B F B F B F B 
p R R L R L R s R 

3 F B B F B B F F B 
R L R L L R s L L 

4 B F F B B F B F F 
L R L s L R s R R 

aMovements and position data are entered according to the 

f ollowing key: 

F-B Forward-Backward Movement. 

R-L l..J..ght to Left Movement. 

F = Decreased angulation between trunk positions 

(side view) . 
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Table 4--Continued 

B = Increased angulation between trunk positions 

(side view) . 

P = Trunk or center of gravity is on perpendicular 

(90°). 

S = No change in angulation. 

L = Decreased angulation between trunk positions 

(front view) . 

R = Increased angulation between trunk positions 

(front view) 

bSubject classification: 1 = nonhandicapped female, 

2 = handicapped female, 3 = nonhandicapped male, 4 = handi­

capped male. 
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sequence in Table 5. Trunk angles were measured from the 

right of the body's vertical plane (see Figure 1) ~ Angles 

less than goo were considered forward angles; angles 

greater than goo were considered backward angles. Position 

and range of forward-backward angulation were compared 

between the handicapped horseback riders and the control 

r iders. 

Stop-Walk 

During the initiation phase of the stop-walk sequence, 

the trunk of Subject 1 fluctuated to forward of then behind 

t he perpendicular. The trunk of Subject 2 remained forward 

during the entire initiation phase. The range of angula­

tion was greater for Subject 2 than for Subject 1. Trunk 

po s i tion during the walk phase was behind the perpendicular 

fo r both subjects. Backward angulation during this phase 

wa s g r ea ter f or Subjec t l than Subject 2. 

The trunk of Subject 3 fluctuated backward and forward 

o f t he pe r pend i cular during the initiation phase of the 

se q ue nce . Th e trunk of Subject 4 was behind the perpendicu­

lar d u r i ng the entire initiation phase. Range of angulation 

d11rinq the ini t iat ion phase was greater for Subject 4 than 

fo r Subject 3 . Dur i n g the wa lk phase the trunks of both 

Su b j ects 3 a nd 4 we r e behind the perpendicular. Backward 

Jngu lation during t his phas e wa s greater for Subject 4 than 

fo r Subject 3. 
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Figure 1. Determination of center of gravity 
position from side view. 
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Walk-Halt 

The trunks of both Subject 1 and Subject 2 were behind 

the perpendicular for both phases of the walk-halt sequence. 

During both phases o f the sequence trunk angulation was 

greater for Subject 2 than for Subject 1. 

During the walk phase the trunk of Subject 3 fl uctua­

ted forward and backward . The trunk of Subject 4 remained 

behind the perpendicular. During the halt phase the trunk 

of Subject 3 was forward of the perpendicular; the trunk of 

Subject 4 remained behind the perpendicular. Range of 

angulation during both phases of the sequence was g r eater 

for Subject 4 than for Subject 3. 

Walk-Trot 

The trunks of Subject 1 and Subject 2 were behind the 

perpendicular during the walk phase of the sequence. The 

~runk angulation of Subject 1 was 11 ° behind the perpendicu­

lar , whereas it was 8.5° behind the perpendicular for Sub-

ject 2. During the initiation phase, the trunk of Subject 

l remained behind the perpendicular; the trunk of Subject 2 

fl uctuated backward and forward of the perpendicular. Trunk 

},osi tion during the trot phase was behind the pe rpendicular 

for Sub ject 1 and forward of the perpendicular f or Sub ject 

2 . During both phases of the sequence, the angulation range 

of the trunk was greater for Subject 2 than for Subject 1. 
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The trunk of Subj e ct 3 was 6° forward of the perpen­

dicular during the walk phase; for Subject 4 it was 3° back 

of the perpendicular. During the initiation phase, the 

trunks of both subjects were forward of the perpendicular. 

Trunk position during the trot was forward for Subject 3 

and fluctuated forward and backward for Subject 4. Range 

of angu lation during all phases of the walk-trot was 

greater for Subject 3 than for Subject 4. 

Tr ot-Halt 

Position of t he t runk during the phases of the trot­

halt sequence was behind the perpendicular for both Subject 

1 and Subject 2. Backward angulation of the trunk during 

the tro t phase was greater for Subject 1 than for Subject 

2. Backward angulation of the trunk during t h e halt phase 

was grea ter for Subject 2 than for Subject 1. 

During both phases of the trot-halt sequence, the 

trunk of Subject 3 fluctuated forward and backward o f the 

perpendicular; it remained behind the perpendicular for 

Subjec t 4. Trunk angulation was greater for Subject 4 than 

for Subject 3 during both phases of the sequence. 

Side-to-Side Trunk Angulation 

Table 6 presents the angular position of each sub­

lect's trunk , as viewed from the front , during the four 

ovement sequences. Trunk angles were measured f om the 
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right of the body's perpendicular plane. Trunk angles less 

than goo were considered left angles, and angles greater 

than goo were considered ~ight angles (see Figure 2). 

Position and range of angulation were compared between the 

handicapped riders and the control riders during the 

various phases of the movement sequences. 

Stop-Walk 

During the initiation phase, the trunk of Subject 1 

remained to the right of the perpendicular. The trunk of 

Subject 2 fluctuated from left to right of the perpendicu­

lar. Trunk angulation during the walk phase was to the 

lef t for both subjects. Trunk angulation during both 

phases of the sequence was greater for Subject 2 than for 

Subj ect 1. 

Position of the trunk during the initiation phase was 

to the left for Subject 3 and to the right for Subject 4. 

During the walk phase, trunk positions were left for both 

subjects. During both phases, range of angulation was 

greater for Subject 3 than for Subject 4. 

Walk-Halt 

The trunks of Subjects 1 and 2 remained to the righ t 

during the entire walk phase. During both phases, range 

of trunk angulation was greater for Subject 1 than for 

Subjec t 2. 
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goo 

I I \ \ 
Head / \ Head 

I 

I 
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( \ 

) 
Trunk \ I 

I Trunk 
\ 
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l 
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\ I 
J J ••) r..~)Center of Gravity .. , 

I 
\ I 
\ I 
\ 
\ 
\ 

' 
180° Rider's Right Rider's Lef t 

Figure 2. Determination of center of g r avity 
position from front view . 
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Angulation of the trunk during the walk phase was to 

the right for Subject 3 and to the left for Subject 4. 

During the halt phase, the trunk of Subject 3 remained to 

the left, whereas the trunk of Subject 4 fluctuated from 

right to left. Trunk angulation was greater for Subject 

4 during both phases of the sequence. 

Walk-Trot 

During the initiation phase, the trunks of both Sub­

ject 1 and Subject 2 remained to the right. Position at 

the trot was to the right for Subject 1 and to the left for 

Subj ect 2. Range of angulation during the initiation and 

trot phases was greater for Subject l than for Subject 2. 

The trunks of both Subject 3 and 4 remained to the 

right of the perpendicular during the walk phase. Angula­

tion of the trunk during the initiation phase was right for 

Subject 3 and left for Subject 4. During the trot, the 

trunk of Subject 3 remained to the right of the perpendicu­

lar ; it fluctuated from right to left for Subject 4. Range 

of angulation during both the initiation and trot phases 

was greater for Subject 4 than for Subject 3. 

Trot-Halt 

For both Subject 1 and Subject 2, angulation of the 

trunk during the trot was to the right . During the halt, 

trunk position of Subject 1 moved from left to right of the 
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perpendicular; it remained to the left for Subject 28 Trunk 

angulation was greater for Subject 1 than for Subject 2 

during the trot phase; angulation remained the same for 

both subjects during the halt phase. 

The trunk of Subject 3 remained right of the perpen­

d icular during both the trot phase and the halt phase. 

Subject 4's trunk shifted from right to left during both 

phases of the sequence. The range of trunk angulation for 

Subject 4 was greater for both phases of the sequence. 

Position of the Center of Gravity 

Stability on horseback is dependent upon the rider's 

ab ility to maintain the body's center of gravity over the 

base of support. The body's forward-backward base of sup­

po r t is formed by the area between the buttocks and knees 

o f t he rider when seated in the saddle (see Figure 3). The 

body 's side-to-side base of support is formed by the area 

be tween the right and left sides of the pelvis (see Figure 

4) . Ce nte r of gravity position angles were measured from 

t he righ t o f the body's vertical plane. This was based upon 

t h e ass umption that the trunk, and consequently the center 

of g ravity , would fall along the vert i cal at a standstill 

(Bri t i sh Horse Soc i ety, 1972). 

Table 7 presents the angular position of each sub­

ject ' s center of g rav ity during the four movement sequences 
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as viewed from the side. Angles less than goo constituted 

forward angles, and angles greater than goo constituted 

backward angles. The positions of the center of gravity 

were compared for the handicapped and the control subjects 

during each phase of the movement sequences. In addition, 

a comparison between the ranges of the centers of gravity 

and the estimated range was made to determine stability of 

the body during the different phases of the movement 

sequences (see Figure 3) . 

Stop-Walk 

The centers of gravity of both Subject 1 and Sub j ect 2 

were forward of the perpendicular during both phases of the 

sequence. During the ini tiation phase, the center of 

g ravity of Subject 1 was more forward than it was for Sub­

ject 2. The center of gravity of Subject 2 was, however, 

fo rward of that of Subject 1 during the walk phase. The 

centers of gravity of both subjects stayed within the sta­

bi lity range (64° to 116°) for the entire sequential 

move me nt . 

During the major portion of both phases of the stop­

wa lk sequence , the centers of gravity of Subject 3 and Sub­

Ject 4 were forward of the perpendicular. The center of 

grav i ty of Subject 3 was more forward than that of Sub­

ject 4 during both phases . The center of gravity of 
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Subject 3 fell outside of the stability range 65°'to 106°) 

during the initiation phase, but remained within the sta­

bility range during the entire walk phase. The center of 

gravity of Subject 4 remained within the stability range 

during both phases. 

Walk-Halt 

During the major portion of the walk phase, the center 

of gravity of Subject 1 was forward of the perpendicular, 

whereas it was behind the perpendicular for Subject 2. The 

cen ters of gravity of both subjects were forward of the per­

pendicular during the halt phase. Position of the center 

of gravi ty was farther forward during the halt than during 

the initiation phase for both subjects. Subjects 1 and 2 

remained within the stability range during the walk, but 

fell outside the range during a portion of the halt. 

The centers of gravity of Subjects 3 and 4 were for­

ward of the perpendicular during the majority of the walk­

halt sequence. For Subject 3 it was more forward than it 

was for Subject 4 during both phases of the sequence. Both 

subjects ' centers of gravity were farther forward during 

he halt phase than during the initiation phase. The 

center of gravity of Subject 3 remained within the stability 

~ange during the walk phase, but fell outside the range 

duri ng the halt phase . The center of gravity of Subject 4 

remai ned within the stability range during both phases. 
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Walk-Trot 

The centers of gravity of Subject 1 and Subject 2 were 

forward of the perpendicular during both the initiation and 

trot phases. The center of gravity of Subject 2 was more 

forward than that of Subject 1 during the majority of the 

phase s. Subject 2 exhibited greater fluctuation in the 

position of the center of gravity during the initiation and 

t rot phases. During these two phases, the center of gravity 

of Subject 1 was relatively constant. The centers of 

gravity of both subjects remained within the stability range 

during both phases of the sequence. 

The centers of gravity of Subject 3 and Subject 4 were 

fo rward of the perpendicular during the entire walk-trot 

sequence . During the major portion of both the initiation 

a nd trot phases , it remained more f orward for Subject 4 

th an for Subject 3. Posi tion of the centers of gravity 

remai ned relatively constant for both subjects during the 

ini tiation and trot phases . During the walk phase both 

subject s remained within the stability range . During the 

ini tiation phase , the center of gravity of Subject 3 fell 

outside the range in one position, whereas it was outside 

in two positions for Subject 4. During the trot, the 

ente r of gravity of Subjec t 3 remained within the stabil­

ity range , whereas it fell outside for Subject 4. 
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Trot-Halt 

During both phases of the trot-halt, the center of 

gravity of Subject 1 was forward of the perpendicular. 

For Subject 2, it was behind the perpendicular during the 

trot phase, and forward of the perpendicular during the 

halt phase. The center of gravity position of Subject 1 

was more forward than it was for Subject 2 during both 

phases. Both subjects' centers of gravity moved forward 

during the halt phase. The center of gravity of Subject 1 

f ell out of the stability range in one position of the trot 

phase and one position of the halt phase; it remained within 

the stability range during both phases for Subject 2. 

The centers of gravity of Subject 3 and Subject 4 were 

f o r ward of the perpendicular during both the trot and halt 

ph a ses of the sequence. During both phases of the sequence, 

the center of gravity of Subject 3 was more forward than it 

was fo r Subject 4. The centers of gravity of both subjects 

move d forward during the halt phase. The centers of gravity 

o f t he t wo subjects stayed within the stability range during 

he t rot phase, but fell outside the range during one or 

two po s itions of the halt phase. 

Side-to -Side Move ment of the Center of Gravity 

The s i de-to-side movement of the center of gravity for 

each s ub ject, as measured from the front view, during the 
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four movement sequences is presented in Table 8. Angles 

less than goo constituted movement to the left, and angles 

greater than goo constituted movement to the right. Posi­

tion of the center of gravity from the perpendicular was 

compared between the handicapped and the control riders 

during each phase of the movement sequences. In addition, 

a comparison between the ranges of the centers of gravity 

and the est imated range was made to determine stability of 

the body during the different phases of the movement 

sequences (see Figure 4). 

Stop-Walk 

During the major portion of both phases of the stop­

walk sequences, the center of gravity of Subject 1 was left 

of the perpendicular; for Subject 2 it shifted from right 

to lef t of the perpendicular. The center of gravity of 

Subject 1 was left of that of Subject 2 during the main 

po rtion of both phases . Distance from the perpendicular 

was relatively constant f or both subjects during the 

ini tiation and halt phases. The center of gravity of each 

fe ll within the stability range (65° to 115°). 

The centers of gravi ty of Subject 3 and Subject 4 were 

left of the perpendicular during both phases of the stop­

walk . During the majority of both phases , the center of 

grav ity of Subject 3 was left of that of Subject 4. The 

position of the centers of gravity f or both subjects was 
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found to be even more to the left during the walk phase. 

Subjects 3 and 4 remained within the stability range (65° 

to 115°) during both phases of the sequence. 

Wa lk-Halt 

The center of gravity of Subject 1 was left of the 

perpendicular during both phases of the walk-halt, whereas 

it was t o the right for Subject 2. Position of the center 

of gravity was closer to the perpendicular for Subject 1 

during the walk phase; however, it was closer during the 

halt phase for Subject 2. The center of gravity of each 

subject remained within the stability range for both phases. 

During the walk-halt sequence, the centers of gravity 

of Subject 3 and Sub j ect 4 were left of the pe rpendicular. 

The center of gravity of Subject 4 was l eft of that of 

Subject 3 during the walk phase; however, it was located 

mo re to the right during the halt phase. The center of 

gravity of each remained within the stability range for 

both phases. 

Walk-Trot 

For both Subjec t 1 and Subject 2, the center of 

gravity was to the left of the perpendicular during the 

majority of the walk-trot. The center of gravity of Sub­

ject 1 was more to the left than that of Subject 2 during 

the major portion of the phases. The position of the 

center of gravity appeared to move left f or Sub ject 1 
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during the trot; it moved to the right for Subject 2. Each 

subjects' center of gravity remained within the stability 

range during the entire sequence. 

The centers of gravity of Subjects 3 and 4 were left 

of the perpendicular during the majority of the walk-trot. 

During the initiation phase, the center of gravity of Sub­

ject 4 was found to be more left than that of Subject 3. 

During the trot, Subject 3's center of gravity was more 

left than that of Subject 4. The position of the center of 

gravity moved left for Subject 3 and right for Subject 4 

during the trot phase. Each subjects' center of gravity 

remained within the stability range for the entire sequence . 

Trot-Halt 

During both phases of the trot-halt sequence, the 

cente r of gravity of Subject 1 remained to the left of the 

pe rpendicular. For Subject 2, it was left of the perpen­

dicu lar during the trot phase; however, it moved right of 

pe rpendicular during the halt phase. The position of the 

center of gravity from the perpendicular was relatively 

constant for Subject l during both phases, but moved to the 

right during the halt phase for Subject 2. Each subjects' 

enter stayed within the stability range during the entire 

sequence. 

The centers of gravity of Subject 3 and Subject 4 were 

left of the perpendicular during both phases of the 
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trot-halt. The position of the center of gravity of Sub­

j ect 3 was to the left of that of Subject 4 during the trot 

phase; however, it was located to the right of that of 

Subject 4 during the halt phase. The center of gravity 

moved toward the right during the halt for Subject 3; it 

moved to the left for Subject 4. Both subjects' center of 

gravity remained within the stability range. 

Forward-backward movement of each subjects' center of 

gravity in relationship to the movement of the trunk is 

presented in Table 9. Examination of Table 9 indicates that 

the forward-backward movement of the center of gravity fol­

lowed the forward-backward movement of the trunk in approxi­

mately 80% of the cases. Di screpancies occurred for each 

subject , as well as in all phases of the different sequences. 

Side-to-side movement of each subjects' center of 

gravity in relationship to the movement of the trunk is 

presented in Table 10. As previously done, comparisons were 

made by movement phases. Examination of Table 10 indicates 

that the side-to-side movement of the center of gravity 

foll owed the side-to-side movement of the trunk in approxi­

mately 76 % of the cases. It should be noted that discrep­

ancies occurred with each subject and in all phases of the 

ifferent sequences . 
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Table 9 

Corresponding Forward-Backward Movements of the 

Center of Gravity and the Trunk as 

Viewed from the Side 

Stop- Walkb 
Subjec ta 

Initiation Walk 

1 F F B Be B F B B F 
F F B Bd B F s F F 

2 F F B B B B B F F 
F F B B F B B F F 

3 B F B B F B B 
F F B B F F B 

4 B F F B B F 
F F B F B 

Walk-Halt 
Sub j ect a 

Wa l k Ha l t 

1 B F B B F B F B F B F B 
B F B B F F s B F B F B 

2 B B B F B F B F s B F F 
B B F F B F B F F B F F 

3 F B F F B B F B F B F F 
F B F F B F s F F B F F 

4 B F F F B B F F B F F B 
B F F F B B F F B F F F 
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Table 9--Continued 

Walk-Trot 
Subject a 

Walk Initiation Trot 

1 B F B B B F 
B F B B F B 

2 B F F B B F 
B B F B B F 

3 F s F B B F 
F F F F B F 

4 B F B F B B 
F F F F B F 

T,·rot-Hal t 
b' a Su Ject 

Trot Halt 

1 B F B F B B F B B 
B F F F B F B F B 

2 B F B F B F B F B 
B F B F B F F B B 

3 F B B F B B F F B 
F F B F B B F F B 

4 B F F B B F B F F 
B F F B B F B F F 

aSubject clas s ifi c a tion: 1 = nonhandicapped female, 

2 = handicapped female , 3 = nonhandicapped male, 4 = handi-

capped male . 
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Table 9--Continued 

bMovements are entered according to the following key: 

F = Forward movement--a decrease in angulation. 

B = Backward movement--an increase in angulation. 

S = Same--no change in angulation. 

cThe first line of data for each subject describes move­

ment of the trunk. 

dThe second line of data for each subject describes move­

ment of the center of gravity. 
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Table 10 

Corresponding Side-to-Side Movements of the 

Center of Gravity and the Trunk as 

Viewed from the Front 

Subject a 
Stop-Walkb 

Initiation Walk 

1 p R R Rc L L R s L 
L L R Rd L L L R R 

2 p L L R L L L R R 
R L L L R L L R R 

3 R L L R L L R 
L L L R L R R 

4 R R L R L R 
L R L R L R 

Walk-Halt 
Sub j ect a 

Walk Halt 

1 R R L R R L s R L R R L 
L R L R s L R R L L R R 

2 R L R L L R L L R L R L 
R L R R L R L R R L R L 

3 R L L R R L s L R L L R 
L L L R s R R L R L L R 

4 L s R L L R s R R L L R 
L R L R R L L R L L L R 
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Table 10--Continued 

Walk-Trot 
Subject a 

Walk Initiation Trot 

1 R L R R L L 
L R R R L L 

2 L R R L L R 
L R R L R R 

3 R L R R L L 
R L R R L R 

4 R L s R R L 
L R L R R L 

Trot-Halt 
Subject a 

Trot Halt 

l R s L s R L s R L 
L L R s R L R L R 

2 p R R L R L R s R 
L R R L R L R R L 

3 R L R L L R s L L 
L R s R R R R L R 

4 L R L s L R s R R 
L R L R L R L R R 

aSubject classification : l = nonhandicapped female, 

2 = handicapped female, 3 = nonhandicapped male, 4 = handi-

capped male . 
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Table 10--Continued 

bMovements are entered according to the following key: 

L = Movement to the left--a decrease in angulation. 

R Movement to the right--an increase in angulation. 

P = Trunk or center of gravity was 90° (upon 

initiation) 

S = No change in angulation. 

cThe first line of data for each subject describes move­

ment of the trunk. 

dThe second line of data for each subject describes move­

ment of the center of gravity. 
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Forward-Backward Angulation of the Head 

Since head position often influences the position of 

the body, the researcher examined the differences in the 

forward-backward and side-to-side angulation of the head. 

The handicapped subjects were compared to the nonhandi­

capped subjects. Angulation of the head was measured from 

the right horizontal of the neck region for both ' the 

forward-backward and side-to-side views (see Figures 5 

and 6). Descriptive data relative to forward-backward 

angulation of the head are presented in Table 11. Forward 

angulation was defined as angles less than goo; backward 

angu lation was defined as angles greater than goo. Angles 

which .measured goo during initiation of the sequence were 

considered perpendicular. Angulation of the head was com­

p ared by movement phase (i.e. initiation, ha l t, walk, and 

t rot) during the four movement sequences. 

Stop-Walk 

The head of Subject 1 was behind her trunk during the 

ma jority of the stop-walk sequence. The head was forward 

o f the trunk during both phases for Subject 2. Range of 

head movement was greater for Subject 2 during both phases 

of the sequence. 

Head position during the initiation of the stop-walk 

wa s forward of the perpendicular for Subject 3; it was 
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Figure 5 . Determination of head position from 
side view. 
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Figure 6. Determination of head position from 
front view. 
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behind the perpendicular for Subject 4. Range of motion 

was greater for Subject 4 than for Subject 3. 

Walk-Halt 

During the walk-halt sequence, the head of Subject 1 

was behind the perpendicular during the majority of the 

walk and forward of the perpendicular during the halt. The 

head of Subject 2 was forward of the perpendicular during 

the entire sequence. Range of head movement was greater 

for Subject 2 than for Subject 1 during both phases of the 

walk-halt movement. Head movement was greater for Subject 

4 than for Subject 3 during the walk phase; however, it was 

greater for Subject 3 during the halt. 

Walk-Trot 

The head position of Subject 1 during both the walk 

and initiation phase was behind the perpendicular, but it 

wa s forward of the perpendicular for Subject 2. The posi­

tion of the head during the trot phase was forward for both 

subjects. Head movement was greater for Subject 2 than 

Subject 1 during the walk, initiation, and trot. 

The heads of Subjects 3 and 4 were forward of the per­

pendicular during all phases of the walk-trot movement. 

During both the walk and initiation phase, head movement 

was greater for Subject 4 than for Subject 3. Range of 

movement of the head during the trot was greater for Sub­

ject 3 than for Subject 4. 
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Trot-Halt 

Head position during both phases of the trot was be­

hind or at the perpendicular for Subject 1; it was forward 

of the perpendicular for Subject 2. The range of head 

movement was greater for Subject 1 than for Subject 2 

during both phases of the sequence. 

During the trot, the head of Subject 3 was forward of. 

t he perpendicular during the major portion of the phase, 

whereas it was predominantly at the perpendicular for Sub­

j ect 4. Head position during the halt was behind the per­

pendicular for Subject 3 and forward of the perpendicular 

for Subject 4. Range of head movement was greater for 

Subject 3 during both phases of the sequence. 

Side-to-Side Angulation of the Head 

Data related to side-to-side angulation of the head 

are presented in Table 12. Angulation of the head to the 

left wa s defined as angles less than goo, whereas angula­

ti o n to the right was defined as angles greater than goo. 

Ang l e s wh i ch me a sured goo were considered perpendicular. 

Comparisons between the handicapped and nonhandicapped sub­

jects were made according to the var ious movement phases. 

Stop- Wa lk 

During the major portion of the initiation phase of 

the stop- walk , the head of Sub j ect 1 was to the right of 
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the perpendicular; it was perpendicular for Subject 2. 

Head position during the walk phase was perpendicular or 

slightly to the left of the perpendicular for Subject 1. 

The head remained perpendicular or to the right of the per­

pendicular for Subject 2. Range of head movement was 

greater for Subject 1 during the initiation phase; however, 

it was greater for Subject 2 during the walk phase. 

Head position during the initiation phase of the stop­

walk sequence was either perpendicular or to the right of 

the perpendicular for Subject 3; the head position of Sub­

ject 4 was either perpendicular or left of the perpendicu­

lar. During the walk phase, the head of Subject 3 shifted 

from left to right of the perpendicular. The head was 

either perpendicular or left of the perpendicular for Sub­

ject 4. The range of head position was greater for Subject 

4 than Subject 3 during the initiation phase; the range for 

Subjec t 3 was greater than for Subject 4 during the walk 

phase. 

Walk -Halt 

During the majority of both phases of the walk-halt 

sequence, head positions for both Subjects 1 and 2 were 

perpendicular or to the right of the perpendicular. Head 

movement was greater for Subject 1 than Subject 2 during 

both phases of the sequence. 
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The head of Subject 3 moved from the left to right of 

the perpendicular during the walk phase; it shifted from 

r ight of the perpendicular to the perpendicular for Sub­

ject 4. During the halt phase, the head of Subject 3 moved 

from left of the perpendicular to perpendicular, whereas 

it was left of the perpendicular for Subject 4. Head move­

ment was greater for Subject 3 during the trot phase; it 

was greater for Subject 4 during the halt phase. 

Walk-Trot 

During the entire walk-trot sequence, the head of Sub­

ject 1 was either to the right of the perpendicular or per­

pendicular. The head of Subject 2 moved from right to left 

of perpendicular during the same sequence. Head movement 

was greater for Subject 1 than Subject 2 during the initia­

tion phase, but was less than that of Subject 2 during the 

trot phase. 

Head position for both Subject 3 and Subject 4 was 

either perpendicular or left of the perpendicular during 

the entire walk-trot sequence. Head movement was greater 

for Subject 3 than Subject 4 during both the initiation and 

trot phases. 

Trot-Halt 

During both phases of the trot-halt sequence, the head 

of Subject 1 was either perpendicular or to the left of the 

perpendicular ; Subject 2's head moved from right to left of 
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the perpendicular. Range of head movement was greater for 

Subject 3 during both phases of the sequence. 

Head position during the trot phase was either perpen­

dicular or left of the perpendicular for both Subject 3 

and Subject 4. During the halt, position of the head was 

right of the perpendicular for Subject 3, and either left 

of the perpendicular or perpendicular for Subject 4. Range 

of head movement was greater for Subject 4 during the trot 

phase, whereas it was greatest for Subject 3 during the 

halt phase. 

Displacement, Velocity, and 

Acceleration of the Trunk 

Displacement of a body part is influential in deter­

mining its velocity and acceleration. Forward-backward 

displacement, velocity, and acceleration of the trunk were 

calculated from the side view tracings. Displacement, 

ve locity, and acceleration values were calculated relative 

to each subject's starting position. Tables 13-23 present 

the displacement, absolute velocity, and absolute accelera­

tion of each subject's trunk during the four movement 

sequences , respect~vely. Positive numerical values in the 

tables reflect forward motion; negative values reflect 

backward motion . Direction and magnitude of the displace­

ment , velocity , and acceleration of the trunk are illus-

trated in Figures 7-30. Comparisons between the subjects 
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were made for each of the phases (i.e. initiation, walk, 

trot, and halt) of the four movement sequences. 

Displacement of the Trunk 

During the Stop-Walk 

The displacement of the trunk during the stop-walk 

phase is presented in Table 13. During the initiation of 

Subject 

1 

2 

3 

4 

2.0 

9.5 

8.0 

0 

Table 13 

Displacement of the Trunk During 

the Stop-Walk Phase 

Initiation 

-4.0 

4.5 

2.0 

1.0 

-12.0 

. 5 

-3.0 

-5.0 

Stop-Walk a 

-15.0 

-3.0 

0 

-6.5 

Walk 

-14.0 

-7.0 

-5.0 

-17.0 -19.0 

-10.5 -6.5 

Note . No sign = forward displacement; negative sign = 

backward displacement. 

aData are in degrees. 

the stop-walk movement, the tru~k of Subject 1 moved for­

wa rd, then backward of the starting position. For Subject 

2 it remained forward of the starting position. Trunk 
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displacement during the walk phase was behind the starting 

p osition for both subjects. Magnitude and fluctuation of 

displ acement was greater for Subject l than Subject 2 dur­

ing both phases of the sequence (see Figure 7). 

The trunks of Subjects 3 and 4 shifted forward, then 

back of the starting pos ition during the initiation phase. 

During the walk phase, the trunk of Subject 3 moved back­

ward and then forward of the starting position. The trunk 

of Subject 4 remained behind the starting position. Magni­

tude and fluctuation of trunk displacement were greater for 

Subject 3 than for Subject 4 (see Figure 8). 

Absolute Velocity of the 

Trunk During the Stop-Walk 

As indicated in Table 14 , the velocity of the trunk of 

Subject l remained negative (backward) during the initiation 

phase , whereas for Subject 2 it f l uctuated from positive 

(forward) to negative (backward). Ve locity during the walk 

phase fluctuated from negative to positive for both sub­

jects. Magnitude and fluctuation of velocity were greater 

for Subject l during both phases (see Figure 9). 

The velocities of the trunks of both Subjects 3 and 4 

fl uctuated from positive to negative during the initiation 

phase of the stop-walk . During the walk phaser the 

e locity of the trunk of Subject 3 remained negative , 
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Subject 

1 

2 

3 

4 

94 

Table 14 

Absolute Velocity of the Trunk 

During the Stop-Walk Phase 

-.10 

.13 

.08 

.06 

Stop 

-.38 

-.21 

-.23 

-.13 

-.29 

-.21 

-.05 

-.23 

Stop-Walk a 

Walk 

-.06 -.03 

-.20 -o20 

-.05 -.25 

.02 

-.14 

-.02 

No te. No sign = positive velocity (forward); negative 

sign = negative velocity (backward). 

aData are in radians/second. 

.19 

.06 

whereas for Subject 4 it fluctuated from negative to posi­

tive . Magnitude of velocity was similar for both subjects, 

but it fluctuated more often for Subject 3 than for Subject 

4 (see Figure 10). 

Absolute Acceleration of the 

Trunk During the Stop-Walk 

Subject 1 and Subject 2 exhibited trunk accele r ation 

that w~s negative during the entire initiation phase (see 

(Table 15). Trunk accelerati on during the walk phase 

fluctuated from negative to positive for both subjects. 
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Figure 9. Absolute velocity of the trunks of sub­
jects 1 and 2 during the stop-walk. 
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Figure 10 . Absolute velocity 0f the trunks of sub­
jects 3 and 4 during the stop-walk. 



Subject 

1 

2 

3 

4 

96 

Table 15 

Absolute Acceleration of the Trunk 

During the Stop-Walk Phase 

Stop-Walk a 

Stop Walk 

-.60 -.31 .so .41 

-.32 -. 55 . 02 .02 

-.78 -.20 .31 -.33 

-.31 -.46 .24 

-.13 .39 

.30 .44 

Note. No sign= positive acceleration (forward); nega­

tive sign = negative acceleration (backward). 

aData are in radians/second 2 . 

Ma gnitude and fluctuation of acceleration was greater for 

Subject 1 during both phases of the sequence tha~ for Sub­

j ect 2 (see Figure 11). 

The acceleration of the trunks of Subjects 3 and 4 

was in the negative direction during the initiation phase 

o f the stop-walk. Trunk acceleration during the walk phase 

f luctuated from positive to negative for Subject 3, and 

ne gative to positive for Subject 4. Magnitude and fluctua­

tion of acceleration was greater for Subject 3 than for Sub­

ject 4 during both phases of the sequence (see Figure 12). 
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Figure 12. Absolute acceleration of the trunks 
of subjects 3 and 4 during the 
stop-walk. 



Displacement of the Trunk 

During the Walk-Halt 

99 

Data relative to the displacement of the trunk dur­

ing the walk-halt are presented in Table 16. For Subject 

1, trunk displacement was forward during the majority of 

the walk-halt phase, and for Subject 2 it was behind the 

starting position. Magnitude of displacement was greater 

for Subject 2 than for Subject l; this was true for both 

phases of the sequence. An erratic, fluctuating pattern 

ex isted for both subjects during the entire walk-halt (see 

Figure 13). 

Displacement of the trunk from the starting position 

wa s positive (forward) for Subject 3 and negative (back­

ward ) for Subject 4. This was exhibited during both phases 

of the sequence. Magnitude of displacement was greater for 

Subjec t 4 than for Subject 3 as was fluctuation of its 

di rection (see Figure 14). 

Abso lute Velocity of the 

Trunk During the Walk-Halt 

Table 17 presents those data related to the absolute 

ve locity of the trunk during the walk-halt. Trunk veloci­

ties of Subj e ct 1 and Subject 2 fluctuated negatively and 

pos itively during both phases of the walk-halt. Magnitude 

of velocity was greate r for Subject 1 than Subject 2 during 
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the walk phase; magnitude of velocity during the halt phase 

was, however, greater for Subject 2. The trunk velocity of 

Subject 2 exhibited more frequent fluctuation during both 

phases of the sequence than was the case for Subject 1 

(see Figure 15). 

The trunk velocity of Subject 3 and Subject 4 fluctu­

ated from negative to positive during both phases of the 

walk-halt. Magnitude of velocity was greater for Subject 

4 than for Subject 3 during both phases of the sequence. 

Trunk velocity of Subject 3 fluctuated more during the walk 

phase than it did for Subject 4. For Subject 4, it 

fluctuated more frequently during the halt phase than it 

did for Subject 3 (see Figure 16). 

Absolute Acceleration of the 

Trunk During the Walk-Halt 

Acceleration of the trunks of Subject 1 and Subject 2 

fluctuated negatively and positively during both phases of 

the walk-halt. These data are presented in Table 18. Mag­

nitude of trunk acceleration during the walk phase was 

greater for Subject 1 than for Subject 2. Magnitude of 

acce leration during the halt phase was greater for Subject 

2 than for Subject 1. Fluctuation during both phases of 

the sequence was greater for Subject 2 than for Subject 1 

(see Figure 17). 



()
 

<l
) 

(}
) 

....
....

.. ro
 

cU
 

• 4
 0

 

p:
; 
-.

2
0

 

1 
2 

3 
4 

5 
6 

P
o

s
it

io
n

s
 

\t 
/ 

W
a
lk

 
..

 ii;
;t 

S
u

b
je

c
t 

1 

-
-
-
-
-

S
u

b
je

c
t 

2 

7 
8 

9 
1

0
 

F
ig

u
re

 
1

5
. 

A
b

so
lu

te
 
v

e
lo

c
it

y
 
o

f 
th

e
 

tr
u

n
k

s
 
o

f 
s
u

b
je

c
ts

 
1 

a
n

d
 

2 
d

u
ri

n
g

 
th

e
 
w

a
lk

-h
a
lt

. 

1--
1 

0 U
l 



1
.2

0
 

,_
, 

/ 
\ 

I 
\ 

/ 
\ 

I 
\ 

I 
\ 

' 
' 

I 
' 

I 
l 

' 
' 

~ 
.6

0~
 

' 
m

 
I 

I 
" 

\ 
"0

 
4

0
1 

\ 
m

 
• 

I 
~ 

' 
I 

\ 
I 

\ 
.
2
0
~
 

\ \ \ \ 

W
al

k
 
I 

H
a
lt

 
_. 

.... 
" 

' 
, 

' 
I 

\ 
I 

\ 
I 

\ 
I 

' 
0 

I 
• 

'l:
 

. 
I 

>
<

1
 

c 

<
 

r 
r
~
 

~t
 

~ 
>

 

W
al

k
 

... ;
:
l
t
 

-
-

...
 S

u
b

je
c
t 

3 

-
-
-
-
-

S
u

b
je

c
t 

4 

1 
2 

3 
4 

5 
6 

7 
9 

1
0

 
1

1
 

P
o

s
it

io
n

s
 

F
ig

u
re

 
1

6
. 

A
b

s
o

lu
te

 
v

e
lo

c
it

y
 
o

f 
th

e
 

tr
u

n
k

s
 o

f 
s
u

b
je

c
ts

 
3 

a
n

d
 

4 
d

u
ri

n
g

 
th

e
 
w

a
lk

-h
a
lt

. 

~
 

0 0
'\

 



T
ab

le
 

18
 

A
b

so
lu

te
 
A

c
c
e
le

ra
ti

o
n

 o
f 

th
e
 

U
pp

er
 

T
ru

n
k

 
D

u
ri

n
g

 
th

e
 

W
al

k
-H

al
t 

P
h

as
e 

W
al

k
-H

al
tb

 
S

ub
je

c
t a

 
-
-
-
-
-
-
-

-
-

~
 

0 
W

al
k 

H
a
lt

 
~
 

1 
-.

4
2

 
.0

3
 

.6
4

 
-.

1
4

 
-.

4
8

 
.2

8
 

.4
3

 
-.

1
5

 
-.

3
6

 
2 

.O
S

 
-.

1
6

 
-.

0
4

 
.3

3
 

-.
1

8
 

.4
2

 
-.

0
4

 
-.

4
8

 
.6

2
 

3 
.1

9
 

.1
2

 
-.

4
9

 
.1

5
 

.5
0

 
0 

-.
2

1
 

-.
2

0
 

.0
8

 
4 

1
.2

9
 

-1
.7

9
 

-1
.8

8
 

-.
1

7
 

.5
9 

.0
6

 
-.

4
7

 
.6

3
 

.3
2

 

N
o

te
. 

N
o 

s
ig

n
=

 
p

o
s
it

iv
e
 
a
c
c
e
le

ra
ti

o
n

 
(f

o
rw

a
rd

);
 

n
e
g

a
ti

v
e
 
s
ig

n
=

 
n

e
g

a
ti

v
e
 
a
c
c
e
le

ra
ti

o
n

 
(b

ac
k

w
ar

d
).

 

a
su

b
je

c
t 

c
la

s
s
if

ic
a
ti

o
n

: 
1 

=
 

n
o

n
h

an
d

ic
ap

p
ed

 
fe

m
a
le

, 
2 

~ 
h

an
d

ic
ap

p
ed

 
fe

m
al

e,
 

3 
=

 
n

o
n

h
an

d
ic

ap
p

ed
 m

al
e,

 

4 
=

 
h

an
d

ic
ap

p
ed

 m
al

e.
 

b
D

at
a 

a
re

 
in

 
ra

d
ia

n
s/

se
c
o

n
d

2
• 



N
 ()

 
(l

) U
l 

'-.
.. ro
 m
 

~
 

.8
0

 

• 
6

0
 [

 

.4
0

 
( 

.2
0

 0 
' ' 

I 

' 
I 

~
 

.... 
_

, 
-.

2
0

 

\ 
W

al
k

 
--. 

I I 

,-
, 

: 
' 

I 
I 

,, 
\ 

I 
I 

I 

\ W
al

k
 ' ' \ .. 

Jj 

I 
H

a
lt

 6 
P

o
s
it

io
n

s
 

I 
H

a
lt

 

I I I 
\ 

I 

\ 
I I 

\ \ ,,
 

I 
.._

_,
 

S
u

b
je

c
t 

1 

-
-
-
-
-

S
u

b
je

c
t 

2 

F
ig

u
re

 
1

7
. 

A
b

so
lu

te
 
a
c
c
e
le

ra
ti

o
n

 
o

f 
th

e
 

tr
u

n
k

s 
o

f 
s
u

b
je

c
ts

 
1 

a
n

d
 

2 
d

u
ri

n
g

 
th

e
 
w

a
lk

-h
a
lt

. 

j-
l 

0 (X
) 



109 

Acceleration of the trunk during the walk-halt fluctua­

ted positively and negatively for both Subjects 3 and 4. 

Magnitude and fluctuation of acceleration were greater for 

Subject 4 than for Subject 3 during both phases of the 

sequence (see Figure 18). 

Displacement of the Trunk 

During the Walk-Trot 

The starting position of the walk-trot was the only 

position recorded for the walk phase; therefore, displace­

ment, velocity, and acceleration of the trunk were not 

calculated for any of the subjects during this phase of 

the sequence. Displacement data are presented in Table 19. 

Subject 

1 

2 

3 

4 

Table 19 

Displacement of the Trunk During 

the Walk-Trot Phase 

Walk-Trota 

Walk Initiation 

0 1.0 0 -.5 

0 6.0 19.5 15.5 

0 9.0 1.0 -6L0 

D 14.0 8.0 9.0 

aData are i n degrees. 

Trot 

-1.0 

8.5 

-1.0 

5.0 
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During the initiation phase of the walk-trot sequence, the 

trunk of Subject 1 shifted forward and backward of the 

starting position. The trunk of Subject 2 remained forward 

of the starting position. Trunk displacement during the 

t rot phase was forward of the starting position for Subject 

2 and backward of the starting position for Subject 1. Dur­

ing all phases of the sequence, magnitude of trunk displace­

ment was greater for Subject 2 than for Subject 1. 

Fluctuation during the initiation phase was greater for 

Subject 1 than for Subject 2. Fluctuation during the trot 

phase was greater for Subject 2 than for Subject 1 (see 

F igure 19) . 

During the initiati on phase of the walk-trot, the 

trunk of Subject 3 sh i fted from forward of the starting 

pos i tion to behind the starting position. For Subject 4, 

it r e ma ined forward of the starting position during the 

en t i re phase. During the trot phase, trunk displacement 

was f orward of the starting position for Subject 4; it was 

backward for Sub j ect 3. Magnitude and fluctuation of d i s­

placement was greater for Subject 4 than for Subject 3 

duri ng both phases of the sequence (see Figure 20). 

Absolute Velocity of the 

Trunk Dur i ng t he Walk-Trot 

The absolute veloc ity data are included in Table 20. 

Trunk velocity during both the initiati on and trot phases 
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Subject 

1 

2 

3 

4 

Absolute 

During 

Walk 

0 

0 

0 

0 

114 

Table 20 

Velocity of the Trunk 

the Walk-Trot Phase 

Walk-Trota 

Initiation Trot 

0 -.03 -.03 -.01 

.51 .25 -.30 -.14 

.25 .03 -.43 -.06 

.22 -.14 -.08 -.27 

Note . No sign = positive velocity (forward); negative 

sign = negative velocity (backward). 

aData are in radians/second. 

of the walk-trot was negative for Subject 1; it fluctuated 

between positive and negative for Subject 2. Magnitude and 

fluctuation of trunk velocity were greater for Subject 2 

than for Subject 1 during both phases (see Figure 21). 

Both Subject 3 and Subject 4 fluctuated in trunk 

velocity from positive to negative during the initiation 

phase of the walk-trot. Velocity remained negative for 

both subjects during the trot phase of the sequence. Mag­

nitude of velocity was greater for Subject 3 than for 

Subject 4. Fluctuation of velocity during both phases was 

greater for Subject 4 than for Subject 3 (see Figure 22). 
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Figure 22. Absolute velocity of the trunks 
of subjects 3 and 4 during the 
walk-trot. 
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Absolute Acceleration of the 

Trunk During the Walk-Trot 

Table 21 presents absolute acceleration data for the 

trunk during the walk-trot. Absolute acceleration during 

Subject 

1 

2 

3 

4 

Table 21 

Absolute Acceleration of the Trunk 

During the Walk-Trot Phase 

Walk 

0 

0 

0 

0 

-.04 

.44 

.05 

-.22 

Walk-Trota 

Initiation 

-.04 

-1.65 

-1.06 

-.46 

Trot 

.07 

-.63 

-.15 

-.20 

Note. No sign = positive acceleration (forward); nega­

tive sign = negative acceleration (backward) . 

aData are in radians/second2 . 

the initiation phase of the walk-trot sequence was negative 

for Subject 1; it fluctuated from positive to negative for 

Subject 2. Acceleration of the upper trunk during the trot 

phase was negative for Subject 2, whereas it fluctuated 

from negative to positive for Subject 1. Magnitude and 
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fluctuation of trunk acceleration was greater for Subject 2 

than for Subject 1 (see Figure 23). 

Acceleration of the trunk during the initiation phase 

fluctuated from positive to negative for Subject 3; for 

Subject 4, it remained negative. Acceleration during the 

trot phase was negative for both subjects. Magnitude of 

trunk acceleration was greater for Subject 3 than for Sub-

ject 4 during both phases. During the initiation phase, 

f luctuation of trunk acceleration was greater for Subject 

3; it was similar for both subjects during the trot phase 

(see Figure 24). 

0 

-.20 ' / 
\ , 

\ 
\ I 

-.40 \ I 
I 

~ ,_~ 
u 
~ 
~ -.60 " h 
~ 0 
m ·H 
~ ~ 

-.80 m 
·H Subject 3 ~ 
·H 

Subject 4 c -----
-1.00 

H 

1 2 3 4 5 
Positions 

Figur~ 24. Absolute acceleration of the trunks of 
subjects 3 and 4 during the walk-trot. 



Displacement of the Trunk 

During the Trot-Halt 
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Data relating to displacement of the trunk during the 

trot-halt are presented in Table 22. During both phases 

Subjec t 

1 

2 

3 

4 

5.0 

7.5 

-.5 

6.5 

Table 22 

Displacement of the Trunk During 

the Trot-Halt Phase 

1.0 

-2.5 

-6.1 

10.5 

Trot 

9.0 

0 

-1.0 

9.0 

Trot-Halta 

8.5 

-2.5 

-3 .. 0 

4.5 

2.0 

7.5 

5.0 

-1.0 

-8.5 

-6.5 

aData are in degrees. 

Halt 

7.0 6.0 

-.5 

-3.0 3.5 

7.0 

of the trot-halt, upper trunk displacement of Subject 1 was 

forward of the starting position, whereas it shifted from 

in front of to behind the starting position for Subject 2. 

Magnitude of displacement was greater for Subject 1 than 

for Subject 2. Fluctuation of trunk displacement was 

greater for Subject 2 than for Subject 1 during both phases 

of the sequence (see Figure 25). 
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Figure 25. Trunk displacement data for subjects 1 
and 2 during the trot-halt. 
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Trunk displacement of Subject 3 was forward of the 

starting position. For Subject 4, it was backward of the 

starting position during the trot phase of the sequence. 

During the halt phase, trunk displacement of Subject 3 was 

forward of the starting position. For Subject 4, it 

shifted from backward to forward of the starting position. 

Magnitude of displacement was greater for Subject 4 than 

for Subject 3 during both phases. Fluctuation of displace­

ment was similar for both subjects during the entire 

sequence (see Figure 26). 

Absolute Velocity of the 

Trunk During the Trot-Halt 

Table 23 presents data relative to absolute velocity 

of the trunk during the trot-halt. The velocities of the 

trunks of both Subject 1 and Subject 2 fluctuated positively 

and negatively during the trot phase. Velocity during the 

hal t was negative for Subject 2; it ranged from negative to 

posi tive for Subject 1. Magnitude of velocity was greate r 

for Subject 1 than for Subject 2 during the trot phase, 

whereas it was greater for Subject 2 during the halt phase. 

Fluctuation of trunk velocity was similar for both subjects 

during the trot phase, but was greater for Subject 1 than 

for Subject 2 during the halt phase (see Figure 27). 
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4 during the trot-halt. 
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Table 23 

Absolute Velocity of the Trunk 

During the Trot-Halt Phase 

Trot-Balta 
Subject 

Trot Halt 

1 .03 .11 .21 -.11 -.14 .03 -.08 

2 -.07 -.17 0 .03 .04 -.07 -.11 

3 -.18 -.01 .10 -.20 0 .33 .10 

4 .28 .07 -.17 -.04 .06 -.01 .17 

Note. No sign = positive velocity (forward); negative 

sign = negative velocity (backward). 

aData are in radians/second . 

. 20 

-.40 

1 

Trot Halt 

Halt 
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Subject 2 

Positions 

Figure 27. Absolute velocity of the trunks of 
subjects 1 and 2 during the trot-halt. 
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Trunk velocities of Subject 3 and Subject 4 fluctuated 

positively and negatively during both phases of the trot-

halt sequence. Magnitude of trunk velocity during the 

trot phase was greater for Subject 4 than it was for Sub-

ject 3; magnitude of velocity during the halt phase was 

greater for Subject 3. Fluctuation of trunk velocity was 

greater for Subject 4 than for Subject 3 during the trot 

phase; it was similar for both subjects during the halt 

phase (see Figure 28) . 

• 6 

• 4 

I 
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-.4 

I 

/ 
I 

I 

,--

1 2 

Trot Halt 

Subject 3 
----- Subject 4 

3 4 5 6 7 
Positions 

Fi gure 28 . Absolute velocity of the trunks of 
subjects 3 and 4 during the trot-halt. 
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Absolute Acceleration of the 

Trunk During the Trot-Halt 

Data collected which relate to absolute acceleration 

of the trunk during the trot-halt are shown in Table 24. 

Subject 

1 

2 

3 

4 

Table 24 

Absolute Acceleration of the Trunk 

During the Trot-Halt Phase 

.18 

-.27 

-.02 

.10 

Trot 

.29 

.12 

.47 

a Trot-Halt 

-.35 

• 4 6 

-.31 

.03 

-.71 -.16 .38 

-.39 

-.17 

-.16 

.05 

Halt 

.15 

. 41 

.88 

.20 

-.07 

.16 

Note. No sign = positive acceleration (forward); nega­

tive sign = negative acceleration (backward). 

aData are in radians/second 2 . 

Acceleration of the trunk during both phases of the trot­

halt sequence fluctuated positively ~nd negatively £or both 

Subjects 1 and 2. During the trot phase magnitude and 

fluc tuation were greater for Subject 2 than for Subject 1. 

Magnitude of acceleration during the halt phase was similar 
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for both subjects; fluctuation of acceleration was greater 

for Subject 1 (see Figure 29) . 
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Figure 29. Absolute acceleration of the trunks of 
subjects l and 2 during the trot-halt. 

During both phases of the trot-halt sequence, absolute 

acceleration of the trunks of Subject 3 and Subject 4 

fluctuated negatively and positively. Magnitude and fluct-

uation of trunk acceleration were greater for Subject 4 

than Subject 3 during the trot phase; this was also true 

for Subject 3 during the halt phase (see Figure 30). 
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Figure 30. Absolute acceleration of the trunks of 
subjects 3 and 4 during the trot-halt. 
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Displacement, velocity, and acceleration of the side­

to-side positions of the trunk were not calculated for this 

portion of the study. Difficulty in selecting the corre­

sponding side-to-side positions of the four subjects led 

the researcher to doubt the validity of t he results which 

would have been calculated. 

Summary of the Findings 

Two handicapped horseback riders, one female and one 

male of college age, were compared with two proficient and 

nonhandicapped horseback riders of the same sex and age. 

The handicapped female rider was classified as having re­

leased contractures of the internal rotators of the legs. 

Her nonhandicapped female control rider and she rode English 

saddle. The handicapped male rider, a bilateral amputee 

(above the knee) was compared to the nonhandicapped male 

control rider; both rode Western saddle. 

Comparisons between the handicapped and nonhandicapped 

riders were made according to four specific movement 

sequences of the horse: the stop-walk, walk-halt, walk­

trot , and trot-halt. Movements compared between the riders 

inc luded forward-backward and side-to-side position of the 

trunk, the center of gravity, and the head. Trunk veloci­

ties and accelerations were also examined. 

Examination of the forward-backward data obtained on 

the female subjects revealed diffe=ences in all areas of 
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comparison between the two subjects. Trunk and center of 

gravity positions during the majority of the initiation 

sequences were more forward for the handicapped subject 

than for the nonhandicapped subject. Trunk and center of 

gravity positions during the majority of the walk, trot, 

and halt were more forward for the nonhandicapped subject. 

Head position of the handicapped rider was forward of the 

body; it was also more forward than that of the nonhandi­

capped subject during al l of the sequences. 

Examination of the side-to-side data obtained on the 

femal e subjects showed both subjects' trunks to be to the 

right. Trunk position of the handicapped subject was less 

to the right of that of the nonhandicapped subject during 

all phases of the movement; the only exception was during 

the trot. The center of gravity was to the left of the 

perpendicular for the nonhandicapped subject; it was 

located closer to the perpendicular for the handicapped 

subject. Head position fluctuated from right to left of 

perpendicular for the nonhandicapped subject, but remained 

primarily to the right for the handicapped subject. 

A review of the forward-backward displacement of the 

female subjects revealed a greater forward displacement of 

the tr~nk for the handicapped rider during the initiation 

sequences , whereas greater forward displacement of the 

trunk for the nonhandicapped rider occurred during the walk, 
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trot, and halt. Magnitude of velocity (positive and nega­

tive) was greater for the nonhandicapped female during the 

initiation of the walk, walk, and trot; it was greater for 

the handicapped female during the initiation of the trot 

and halt. Magnitude of acceleration (positive and negative) 

was greater for the nonhandicapped subject than for the 

handicapped subject during the movement phases. 

A review of the forward-backward data obtained on the 

male subjects revealed the following information. The 

handicapped male subject's trunk and center of gravity were 

behind those of the nonhandicapped male during the initia­

tion of the walk, walk-halt, and trot-halt. During the 

walk-trot, the trunk and center of gravity positions were 

similar for both subjects. Head position of the handicapped 

male was behind the trunk; it was more behind than that of 

the nonhandicapped male during the initiation of the walk, 

walk-halt, and trot. Position of the head during the walk­

trot and trot-halt was similar for both male riders. 

Examination of the side-to-side data obtained on the 

male subjects showed trunk position to be to the right for 

the nonhandicapped subject. It fluctuated from right to 

left for the handicapped subject. The position of the 

center of gravity of each subject was left of the perpen­

dicular . The handicapped rider's center of gravity remained 
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closer to the perpendicular during the initiation and trot 

sequences, whereas the nonhandicapped rider's center of 

gravity was closer to the perpendicular during the walk 

and halt sequences. Head position of the handicapped rider 

was to the le f t of the trunk; it was also located more to 

the left than that of the nonhandicapped rider during the 

majority of the four movement sequences. 

Comparison of trunk d i splacements of the male subjects 

i ndicated that the trunk of the handicapped male was dis­

p laced further forward during the walk-halt, walk-trot, and 

trot-halt than was the trunk of the nonhandicapped male. 

Only during the stop-walk did the forward displacement of 

the nonhandicapped rider exceed that of the handicapped 

rider. 

Velocity was greater for the nonhandicapped subject 

during initiation of the walk and trot as well as during 

t he halt phase of the trot-halt. A greater velocity was 

exhibited by the handicapped rider during the walk-halt 

and tro t . Acceleration was greater for the nonhandicapped 

subject during the initiation sequences and the halt phase 

of the trot-halt; it was greater fo r the handicapped rider 

duri ng the walk-halt and trot. 

One aoditional fact was noted regarding acceleration 

of the trunk for both the female and male subjects. 
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Magnitude of acceleration decreased after the initial 

change in direction for the nonhandicapped subjects, 

whereas it increased for the handicapped subjects. 



CHAPTER V 

SUMMARY, FINDINGS, DISCUSSION, CONCLUSION, 

IMPLICATIONS, AND RECOMMENDATIONS 

FOR FURTHER STUDIES 

In Chapter V information relative to the investigation 

is presented under the following headings: (a) Summary of 

the Study, (b) Findings of the Study, (c) Discussion of the 

Findings, (d) Conclusion, (e) Implications of the Study, 

and (f) Recommendations for Further Studies. 

Summary of the Study 

Scientific investigation of the body position of handi­

capped and nonhandicapped horseback riders during the 

various movement patterns of the horse is almost nonexistent. 

Only two cinematographic investigations were found; these 

we re designed to investigate the movements exhibited by 

normal horseback riders during various movement patterns of 

the horse. ReQua (1939) found that the body position of 

proficient horseback riders did not vary significantly 

regardless of the type of saddle or "seat" ridden; the only 

e xc e ption to this was noted during the posting trot. White 

(1 940) found that horseback riders had a better "seat" dur­

ing a canter when the pivot point of the body became the 

134 
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pelvic region rather than the thigh and leg region. No 

studies involving handicapped riders were found. 

To fill the void of information regarding body position 

of physically handicapped riders on horseback, it was the 

intent of this investigator to observe and compare the rid­

ing positions of two hand i capped riders with two nonhandi­

capped riders dur i ng various movement sequences of the 

horse. Comparisons were made with regard to the forward­

backward and side-to-side positioning of the head, trunk, 

and center of g r a v ity . The comparisons were completed in 

order to determine what effects, if any, two selected types 

of handicap might have on riding position. 

Filming of the subjects took place in May, 1977. The 

subjects involved in the study included two females and two 

males who ranged in age from 21 to 29. The handicapped 

female who was classified as having released contractures 

o f the internal rotators of the legs was compared with a 

nonhandicapped female; both rode English saddle. The 

handicapped male rider with bilateral amputations of the 

legs (above the knee) was compared with a nonhandicapped 

male; both males rode Western saddle. 

Film data were obtained using the following 16mm motion 

p icture cameras: (a) Locam, {b) Photosonic IVN-200, and 

(c ) Bell and Howell HR-70. Head, trunk, and center of 

gravity coordinates were obtained from the film clip trac­

i ngs through use of the Numonics Graphics Calculator. 
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Data were plotted on graph paper; the head, trunk, and 

center of gravity positions were measured by protractor to 

determine differences in position between the handicapped 

and nonhandicapped horseback riders during each of the 

movement sequences. Differences in position were compared 

according to sex. Velocities and accelerations of the 

trunk were also examined. 

Findings of the Study 

Differences in positions of the trunk, center of 

gravity, and head were evident between the handicapped and 

nonhandicapped subjects. Trunk position (side view) was 

more forward for the female handicapped subject and back­

ward for the male handicapped subject than for the non­

handicapped subjects; the only exceptions were observed 

during the initiation phases. Trunk position (front view) 

of the handicapped subjects was consistently to the left 

of that of the nonhandicapped subjects. 

The centers of gravity of both handicapped subjects 

were closer to the perpendicular (front and side views) 

than were those of the nonhandicapped subjects. The cen­

ters of gravity of the handicapped subjects remained within 

the estimated boundaries during all sequences; the centers 

of gravity of the nonhandicapped subjects fell outside the 

boundaries only occasionally. 

Head position of the female handicapped subject was 

forward of her trunk; it was also more forward of the 
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nonhandicapped subject's head. The head position of the male 

handicapped rider fell behind his trunk, as well as behind 

the position assumed by the male nonhandicapped rider's head. 

From the front view, the position of the head was to the 

right of the trunk for the handicapped female subject; this 

was also more to the right when compared to the nonhandi­

capped female. It was to the left for the male handicapped 

subject. 

In addition, it was noted that displacement of the - trunk 

from the starting position was greater for the handicapped 

female subject during the initiation phase; displacement of 

the trunk for the handicapped male rider was greater than 

that of the male nonhandicapped rider during the majority of 

the phases. Absolute velocity and acceleration were greater 

for both handicapped riders than for the nonhandicapped 

riders during the initiation, trot, and halt phases of the 

sequences. 

Discussion of the Findings 

Forward displacement of the trunk of the handicapped 

female during the initiation phases, as well as backward 

displacement during the other movement phases, may have been 

a result of the weakened internal rotators of the legs. It 

may also have been a pattern characteristic of a novice 

horseback rider. Weakened internal rotators, as well as 
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inexperience on horseback, may have resulted in poor leg 

grip and lack of pivoting action in the pelvic region. 

Greater forward displacement during the initiation 

phase may have been caused by an ineffective attempt to 

administer subtle leg cues to the horse in order to urge it 

into a faster gait. In attempting to overcome the inability 

to guide the horse into a faster gait, novice riders often 

move their bodies further forward for additional cueing. In 

addition, onset of a faster gait usually throws the inexperi­

enced rider forward as a result of an unstable "seat." 

Unable to remain well balanced on the horse, the rider 

with poor leg grip, or the inexperienced rider, will often 

ride very stiffly. This restricts the forward-backward 

movemen t of the body which tends to throw the rider off 

balance. Therefore, forward movement of the trunk will not 

be as great for an inexperienced rider as for an experienced 

rider who is balanced and able to ride in concert with the 

movement of the horse. The above facts may account for the 

trunk position of the handicapped female during the various 

phases of the movement sequences. 

The backward position of the trunk of the handicapped 

male may have been a result of three factors specific to his 

disabil ity. A bilateral amputee (above the knee) has a 

small base of support and a high center of gravity. Forward 

movemen t of the trunk will be restricted to the narrow base 
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of support in an attempt to avoid loss of balance. Further 

contribution to the amputee's instability is the loss of 

strength in the hip extensors. Once the amputee's center 

of gravity falls outside its base of support, the powerful 

hip flexors will take over and throw him out of the saddle 

(Krusen, Kottke, & Ellwood, 1971). To keep within the 

diminished base of support, the amputee kept the head, 

trunk, and center of gravity inclined behind those of a 

normal rider. 

Positioning of a physically handicapped subject's trunk 

to the left or right of the perpendicular during the walk or 

trot may have been indicative of a weakness to that side. 

According to Krusen, Kottke, and Ellwood (1971), people who 

have a left or right sided weakness tend to lean to the 

weakened side during physical movement. 

The body is displaced laterally during both the walk 

and trot. In most cases lateral displacement during the 

walk can be easily controlled by the horseback rider. Dur­

ing the faster pace of the trot, however, an increased dis­

placement to either side often results. This increased 

lateral displacement is not as easily controlled as the 

lateral movement which occurs during the walk; therefore, 

people with decreased leg strength, or riding experience, 

will exhibit movement toward the weaker side. Displacement 
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to the left s ide of the trunks of both the handicapped sub­

jects during the trot may have illustrated this point. 

The c lose placement of the handicapped riders' centers 

of gravity to the perpendicular may have indicated an 

attempt to remain stable on horseback. Positioning of the 

nonhandicapped subjects' centers of gravity close to the 

perpendicular may have occurred because of a minimal amount 

of head and trunk movement during movement sequences. 

Head position forward of the trunk may have been indica­

tive of an attempt on the part of the subject to bring about 

a forward movement of the center of gravity to counteract 

the backward velocity of the trunk. Head position behind 

the trunk may have been indicative of an attempt to move the 

location of the center of gravity backward to counteract the 

forward velocity of the trunk. Placement of the head to the 

right or left of the trunk may have been indicative of the 

body's attempt to keep the center of gravity within its small 

base of support in order to counteract trunk velocity to the 

right or left side. 

Large displacement from the initial starting position 

would be characteristic of a novice rider, or a rider with 

limited gripping power in the legs, whose pivot point is at 

the leg rather than at the pelvic region. Large displace­

ment from the starting position would also occur in a rider 

whose stationary position is behind the perpendicular. 
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Instability of the subject in the saddle because of weakness 

in the trunk or lower extremities, or an inability to 

utilize subtle leg cues, would result in a greater velocity 

and acceleration during the initiation, trot, and halt phases 

of the movement sequences. It was during these sequences 

that trunk movement tended to be greatest. 

Conclusion 

Findings of this study seem to indicate that differ­

ences exist in trunk, center of gravity, and head positions 

between handicapped and nonhandicapped horseback riders. 

However, of the differences noted, only a small portion 

could be linked with a specific handicapping condition. 

Implications of the Study 

If horseback riding is to be used as a rehabilitation 

tool for the physically handicapped, more extensive research 

is needed in both horsemanship and the movement patterns of 

the physically handicapped. Cinematographic as well as 

electromyographic studies should be conducted. 

Gross differences between the body positions of the 

handicapped and nonhandicapped subjects were distinguish­

able in this study; these were noticeable even with the 

limited sophistication of the instrumentation used. 

Although some of the differences between the subjects could 

not be attributed solely to the existence or nonexistence 
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of a particular handicap, they did provide cues to problem 

area s that might be corrected through adapted teaching 

methods. 

It is hoped that this initial study of the differences 

between handicapped and nonhandicapped horseback riders will 

inspire further study of horsemanship in general, as well 

as the movement patterns of the physically handicapped 

rider. Through additional investigations a better under­

standing of problem areas pertinent to other handicaps, as 

well as improved teaching methods to be used with the 

physically handicapped, may be attained. 

Recommendations for Further Studies 

As a result of this investigation the following recom­

mendations for further studies are made. 

1. Limitation of the movement pattern of the horse 

and rider to one sequence which can be studied intensively. 

2. Lengthening of the distance over which the 

sequence is executed. 

3. Utilization of the same horse and gait pace for 

each rider in order to provide more valid results. 

4. Involvement of handicapped subjects whose dis­

abilities have distinguishable characteristics; this would 

aid in the interpretation of the results. 

5. Compcrison of handicapped riders with novice riders 

to assist in distinguishing differences in riding patterns. 
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6. Comparison of novice with proficient riders to 

assi st in distinguishing differences in riding patterns. 

7. Utilization of electromyography to aid in dis­

tinguishing whether different muscles are employed by 

handicapped, novice, and proficient riders. 

8. Limitation of the number of body parts or factors 

to be studied. 
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THERAPEUTIC HORSEBACK RIDING PROGR~~ 

TEXAS. WOMAN'S UNIV~RSITr 

January 1977 

(Student) 
has my pe r::.tl. sston to be pho~o~:: ra!)he c!. 

by the Texas 1-.'o :ran's Untvers1ty dur1n3 pz~ rti.c1pat1c, n 1n the 

Therapeutic rlo rsebacl< Riding Program to be held. Spr1n~ ~.Gr:lt'!l,ter 

1977. It i s understood that1 (1) thfl 16 ~1ll1 m3 ter f~lm8 tnk ~n 

will be use d for blot::E:chan1cal c.•:a ly !.> iR of hu::an r:J OV~m ~ nt durtn~ 

horsebac~ ridlng kn:i to.'ill ther e fore become part of the P.soltb, 

Physical Educati on, &nd I!ecre.:ltton's Depart.moct film library uaed 

for that purpoae. 1 (2) any photo g rBphs ~r sll de;: ta J.-:en wtll h!'! u~t!'.i 

to illust r a t e V'fn·1.oua teachin g technique :; , aids, and/or equipCl~nt 

used d ur ing instruction on horncbaclc a tld.' Jl~Y b o included 1.r: a 

slide show presentntion, or article ~cpicting tht part1culer 

technique, aid or equipment pho togra phe c, and (J) vt ~eotAp~a ta~en 

of the var1. o~a r1 d1.ng sessions wtll be usod to evaluate t h e 

effectiveness of the var1ous t e Achtng tec hn1quos, o1da and 

eq u 1p~ent used during the riding Gess ton~. 

S1gned 1 

~ture of pa rent or gua.rd1 un) 

J.. uthorlze:d it epr (~senta t1Ye of the Texaa 
Woman's Un1voralty 
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PHYSICIAN'S REFERRAL 

NAME. _______________ Date OF BIRTH _________ _ 

OCCUPATION. ______________________________________________ __ 

PAR£ r,'T OR LEGAL GUARDIAN (If kny ) ________ _ 

ADDRESS _____________________ CITY __________ STATE __________ __ 

DIAGl'<OSIS _______________ DATE OF ONSET ____ _ 

MEDICAL HISTOfiY ____________________________ ___ 

Y.EDICATIOl\S ____ ·----------

VISUAL DEFECTS ______________ AUDITOHY DEF'r~CTS_ 

SPEECH Di::PECTS __________ CIRCULATION ·-----------

BAL.',hCE: ____________ COORD! NATIO:~-----------

SPASTICITY an1/or RIGIDITY ____ _ 

BRACc.S _____________ ASSIS'l'IV~ DEVICES ____ ~----------

SEIZURES ________________ ___ n;coNTIEE!;cE _____________ _ 

In my oplnlon , th1e r !lU ont cnn r ecelve r 1d1ng irwtr.uc t1 on ~..:n (l.•: r 

ap propriate cu pervlslon. In conjunction ~ : lth the r idl718 prol)rBL'l 

I concu r ln th~ referral of lhe p a tient to tho ctoff physlcal 

therapist for evf\luat1on of h113 phyalcRl ab:..litlOEl Gnd/or Ha: lL~t..1ons 

1n performll 5 excrcleos. 

PRECAUTIO!JS OH COl THA!h' DlCATIOi~S t.o PHYSI CAL Tr:ZiiAPY ____ _ 

Sigr.ed _______ --------
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THEHAPEUTIC HORSEBACK RIDING PhOGRAM 

TEXAS lJOMAN' 3 UNIVERSITY 

February 1977 

!, __________________________________ _ , do h e reby gTRnt 

permlsslon to Texas Woman's University, Eate s Stable s, and 

others interested in therapeutic horseback riding to photo­

graph, re produce, and uae my image during partlcipatlon ln 

the Thernpeutlc Horseback Rldlng Program at Texas Woman'o 

University, Spring Semester 1977. It is understood thnt• 

(1) the 16 mllllccter films taken will he used for blo~echan-

1cnl annlysla of hurol-\n movement during hors cbnc l< rldln p; and 

wlll t.hc1·efore uo co:n~ pnrt of the Hoti l th, Physical Educntlon. 

and R(!CT('Iatl o n Department 's film library used for that purposer 

(2) any photographs or slides tukon may be usod ln a sllde 

show presentation, or wlth an article lllustraLlng var i ous 

teu.chl.r13 aldL;, techniques, and/or cqulp~ent UA~d l anJ (J)vldco­

tapoa tak(>n d ~Jrln .': the r1cl1nc: soss1onn ,.·111 M U E> ed to 0V.9.lu­

ate the effect1venose .-.. r the tenchtng n1do, tochnlquos, and 

oqu1 p:nont. 

Wlth respect to tho forego1nc; mat.ters, no 1nducr:·1ent or 

prom1sea have be<ln n::ndo to me to !'ecuro my slc;r11J.turo to thls 

relE' a~.>e other thnn the int~nt1on of tr,e Tu xno \./orna n's Untvcratty 

to uso or cause to be u sed such photographo, film s and plc­

turos for tho prl:ur.try usc of re£worch in nnd proruotloll of thor­

apoutl c horo ehnck r 1d1ng. 

I)a t 0 d t. h l R r\ A y 0 f 1 ] 9--

Author lzcd lioprcscntutlvc·-'L'h,...J 'STgnntui·o of part 1cl rnr.t 
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Side View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Stop-Walk 

a. Subject 1 (Nonhandicapped Female) 

b . Subject 2 (Handicapped Female) 

----- ·Init i ation Walk 
Walk Phase 
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c. Subject 3 (Nonhandicapped Male) 

d. Subject 4 (Handicapped Male) 

----- Initiation Walk 
Walk Phase 
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Side View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Walk-Halt 

a. Subject 1 

b . Subject 2 

-- Walk Phase 
----- Halt Phase 
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c. Subjec t 3 

------------- --------

d. Subject 4 

------ Walk Phase 
----- Halt Phase 
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Side View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Walk-Trot 

a. Subj e ct 1 

b. Subject 2 

Walk Phase 
---- - Initiation Phase 

Trot Phase 
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c. Subject 3 

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

d. Subject 4 

Walk Phase 
----- Initiation Phase 

Trot Phase 
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Side View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Trot-Halt 

a. Subjec t 1 

b. Subject 2 

Trot Phase ---- - Halt Phase 
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c. Subject 3 

d. Subject 4 

------------------------------------- -----
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Front Vi ew Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Stop-Walk 

a. Subject 1 
(Nonhandicapped Female) 

c. Subject 3 
(Nonhandicapped Male) 

b. Subject 2 
(Handicapped Fema l e) 

d . Subject 4 
(Handicapped Male) 
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Front View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Walk-Halt 

a . Sub j"e c t 1 b. Subject 2 

c. Subject 3 d. Subjec t 4 
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Front View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Walk-Trot 

a. Subj e ct 1 b. Subject 2 

c. Subject 3 d. Subject 4 
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Front View Tracings of Handicapped and Nonhandicapped 

Subjects Performing the Trot-Halt 

a. Subject 1 b. Subject 2 

c. Subject 3 d. Subject 4 
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