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Experimental study on the effects of horseshoeing

on the movements of the horse's forefeet

The fundamental rules of horseshoeing in Japan‘at presént
are based on the theories of "foot axis" and "hoof stability".
The objectives of horseshoeing are to protect the feet and hoofs,
to improve motor ability, and to treat various diseases of the
locomotive organs. In horséshoeing much attention is given to
several points. In order to protect hoof mechanics, extended
pranches are set and the region in which horseshoe nails are
driven is restricted. In order to protect muscles and tendons,
rocker—-toes are attached fb horseshoes. Howevér, these-theories
are mostly supported experimentally and have not yet been proven
scientifically.

In this study the effects of horseshoeing on the movements
of the horse's forefeet and on tﬂe wall of the anterior hoofs were
experimentally examined.

Two riding horses which could walk '‘normally were used fbr
the experiment. Same of the anterior hoofs were unshod. Flat
horseshoes were attached_to the internal and external quarters of the
anterior hoofs with 4 horseshoe nails and to Ehe internal and
external quartefs of the heel with 8 horseshoe nails. Horseshoes
Wwith rocker-toes were attachetho the internal and external

quarters with 4 horseshoe nails. Hoof parings also were attached.
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These experimental horses were walked, trotted, and cantered on a flat,
solid, asphalt road. A 16 mm-cinefilm of the left forefeet was

taken while the horses were being walked, strain on the quarters

was measured by a strain gauge, and laterél transformation of the
neel was measured by a transformation transducer manufactured

for trial. In order to analyze the movements o? the forefeet,

the intersection of the pastern axis and the coronary band and

1/3 of the spinous process of the scapula, the shoulder joint,

the elbow joint, and the spheroid joint were examined. Strain on

the quarters was measured at the upper and lower toes, the internal
and the external quarters, and the internal and the external heels.
It was measured in two directions: in a "vertical direction", which
was parallel with the horny tubules, and in a "horizontal direction",
which intersected at right angles with the vertical plane. The
transducer (in which carbon powder was used) was applied to

the space between the internal and the external heeis by means

of a metal screwdriver. The following results were obtained.

I. Effects of horseshoeing on movementg of the forefeet
(1) Effects of ordinary flat horseshoes
A range of variation of acceleration in a vertical direction
increased at the end of the swing phase in the carpal joints.
When the hoofs touched the ground, slidiﬂg was observed.
The degree of abdominal flexure increased in the swing

phase in the spheroid joint.
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Acceleration in the direction of abdominal flexure increased

at the end of the swing phase in the lower joints of the feet.
(2) Effects of horseshoe nails driven at the heels

Both acceleration in an anterior direction and acceleration
in a posterior direction decreased at breakover of the coronary
pand and at the end of the swing phase in the coronary band,
respectively.

Angular acceleration in the direction of posterior flexure
increased in the early period of the swing phase in the spheroid
joint.

(3) Effects of rocker-toes

Acceleration in an anterior direction increased in the
early period of the swing phase in the coronary band.

Angular acceleration in the direction of abdominal flexure

increased at the end of the swing phase in the spheroid joint.

II. Effects of horseshoeing on the quarters of the anterior hoofs
(1) Effects of ordinary flat horseshoes
The quarters, especially the external quarter and the internal
heel, as a whole tended to show different types of strain waves
moving in a vertical direction, except for the toes. Characteristically,
the shapes of the waves as a whole tended to be different. When
waves moving in a horizontal direction in the 'internal and external
quarters and in a vertical direction in the toes were examined,

they generally tended to decrease.
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(2) Effects of horseshoe nails driven in the heels

There was a difference in the shape of the strain waves among
the quarters. As a characteristic phenomenon, transitory strain
at breakover in the waves moving in a vertical direction in the
toes and in a horizontal direction in the internal and external
quarters either decreased, showing some defects, or disappeared.
The quantity of strain waves moving in a horizontal direction in
the internal and external quarters tended to decrease.

Lateral transformation of the internal and the external
heels was examined. The heels of hoofs éhod with 4 horseshoe nails
driven in the internal and external quarters dilated from the
early period to the middle period of the stance phase and constricted
at breakover. This dilation of the heels after they touched the
ground was observed early because of the horseshoe nails driven in
the heels. The quantity of transformation generally tended to
decrease with each gait.
(3) Effects of rocker-toes

There was a difference in the shape of the strain waves among
the quarters. As a characteristic phenomenon, transitory strain
at breakover in the waves moving in & vertical direction in the
toes and in a horizontal direction in the internal and external
' quarters either decreased very much or disappearedt There was
a difference in the shape of the strain waves moving in a vertical
direction in the external quarter. The quantity of stréin waves

moving in a vertical direction in the toes tended to decrease.
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(4) Effects of hoof paring

Based on the fact that there is a difference in the length of
the quarter before and after hoof paring, two sites for measuring
strain after hoof paring were determined: one correlatived to
the site of measurement before hoof paring and the other corresponded
to the site of measurement before hoof paring. -The shapes of the
strain waves at these two sites were similar. However, there was
2 difference in the shape of the strain waves moving in a vertical
direction in the internal and the external quarters before and after
hoof paring. The quantity of strain waves'moving in vertical
and horizontal directions in the toes was examined. The quantity
of strain waves moving in a vertical direction after hoof paring
was the greatest at the site which correlated to that of measure-
ment before hoof paring, the site which corresponded to the site
of measurement before hoof paring, and the site of measurement
before hoof paring, respectively. The guantity of strain waves
moving in a horizontal direction after hoof pdring was the greatest
at the site which correlated to that of measurement before hoaf
paring, the site of measurement before hoof paring, and the site
which corresponded to the site of measurement before hoof paring,
respectively.

After horseshoeing, changes were observed in %he movements of
the forefeet during the entire period of the swing phase, including
breakover and the time when the hoofs touched the ground, Such

changes became more remarkable in the lower part of the feet, showing
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a quantitative difference of movements, These facts seemed to be related
to the characteristics of movement of the foot joint as a chain
reaction. The effects of horseshoeing on the movements of the
forefeet seemed to be related to the frictional coefficient
of the horseshoe, the weight of the horseshoe, the inhibited
elasticity of the heels due to horseshoe nails,.an increase of
breakover in the hoofs due to rocker-toes, etc.

The effects of horseshoeing on the quarters of the forefeet
were observed in the whole gquarter during the entire period of
the stance phase, including breakover. It was concluded that
horseshoeing affects dynamic stress such as tension, relaxation,
etc. in each part of the quarter. These influences seemed to
be due to a difference of distribution of internal stress in
the quarters and to the difference of physiological movement of
the hoof associated with increased body weight due to the attachment
of horseshoes, the use of horseshoe nails in the heels, the use of

rocker-toes, hoof paring, etc.
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Photograph showing the experimental instruments.

Photograph

showing the set up of the instruments.
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Fig,

8

Photograph showing the fore hoof with strain

gauges and transduser,

Photograph showing the fore hoof with

transduser,



Fige 9 Photograph showing film data analyzer

for motion analyzis.
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Fig., 10 Diagram of the hoofs condition in the experiments.
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Point on the scapular

Shoulder joint

Elbow joint

ﬁa Carpus joint

Fetlock joint
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Fig. 14 Diagram of the hoof showing the measuremental point.



Table 1 Some basic data of the experimental horses.
NO. Case 1 Case 2
Breed anglo-arab thoroughbred
Age(years) 4 5
Sex female female
Body weight(kg) 374 402
Body length(cm) 151 153.5
Height(cm) 155 158
Hoof angles(®)
Left fore hoof 50 55
Conformation
of limbs
toe-out toe-~-out

Anterior view

Lateral view

Posterior view

slight base wide

standing under
in front

standing under
béhind

toe-out

slight base narrow

slight base wide

slight standing
under in front

slight standing
under behind

toe-~out

regular standing

Flight of the foot
in motion

Fore-~foot

E—

inward arcs

inward arcs




Table 2 The maximum values of strain.
HORIZONTAL DATA (unit:ftstrain)
L Q L Q M Q M Q
CASE 1 Upper P. Lower P, Upper P, Lower P.
Exp. 4250437 1530+268 3790t384 2110+119
Walk Exp. 33980%223 18102119 3900397 2280%+139
Exp 41301240 1180%161 3110%207 2970%200
Exp. 65370581 2110£260 3990%542 2530+437
Trot Exp 5020%225 2470%323 2340£554 28201428
Exp 5490+137 24801426 3560%x227 3290+485
Exp. 42501736 15601435 5400437 3950+424
Canter Exp. 3880%t482 24601668 4210%465 3800%748
(lead)
Exp 4080+ 466 1210%303 50401416 4410%255
Exp. 6460697 2340%245 5790%530 4260+362
Canter  Exp. 5250254 3040%819 5050%250 4190%542
(trail)
Exp. 654201322 3280t711 4320%742 4260%377

Values are mean and SD.



Table 3 The maximum values of strain.
—
HORIZONTAL DATA (unit: u strain)
L Q L Q MQ M Q
CASE 2 Upper P. Lower P. Upper P. Lower P.
ExXp. 3590213 2510£406 30601189 16601245
Walk EXp. 2610%73 1650117 2970£271 1130%94
Exp. 33901144 1980+181 2950£232 1590t144
Exp. 4880*x282  3840%587 3660+245 2180%391
Trot Exp. 3400%£343 2490%510 3210£196 1590£317
Exp. 3900%374 3230+333 3890+268 1860%195
Exp 4740%330 3450%403 4070%x490 2170326
Canter Exp. 3710%357 2050x227 2800x278 12004400
(lead)
Exp. | 3850X386 2780+£315 3570+£290 1590+242
Exp. 5370%x736 4100£620 4120%493 3080522
Canter Exp. 3930+£340 2690i218 3850%327 2240£337
(trail)
Exp. 4700£405 3500%391 4090%412 2470£294

Values are mean and 3SD.



Table 4 The maximum values of transformation
of the heel.

CASE 1 CASE 2
Exp. 2 1.5%0.9 2.9t1.4
Walk
Exp. 3 5.7t1.6 7.9%1.3
Exp. 2 1.86%x0.5 3.5%0.7
Trot
Exp. 3 5.6%1.1 6.1+1.1
Exp. 2 7.02.6 5,1%2.3
Canter
(lead)
Exp. 3 2.4%t2.4 9.3+1.7
Exp. 2 4,7%£3.3 3.2%0.6
Canter
(trail) :
Exp. 3 5.2x2.0 4,2*+2.5

Values are mean and SD.
Unit: mm



Table 5 The maximum values of strain.
VERTICAL DATA (unitzfxstrain)
CASE 1 CASE 2
Toe Toe Toe Toe
Upper P. Lower P. Upper P. Lower P.
Exp. 1 26605320 5330%£549 1830%£125 4090%110
Walk Exp. 3 2030£194 2930%316 1080%168 3030+141
Exp. 4 1510%£99 2110%110 1110%99 18504117
Exp. 1 1820%161 36001480 1690%144 3830%133
Trot Exp. 3 1570194 3200+%230 1080%131 3010£159
Exp. 4 1350%143 2100%115 1210%56 2300£105
Exp. 1 1790+191 3530%424 1070149 2800%323
Canter Exp. 3 1810%307 15504222 930+94 2290%196
(lead)
Exp. 4 1080%78 1990+152 1050+126 1990+144
Exp. 1 2480%285 5680t659 20001343 3930%170
Canter Exp. 3 2170%594 4550%469 1530%149 36801415
(trail)
Exp. 4 1600+235 25204289 15304149 2790%128

Values are mean and SD.



Table 6

The maximum values of strain.

CASE 1 Toe Toe
vertical horizontal
EXp. 5 . 27601250 2800%105
Walk EXp. 6 3180%470 2360157
"(s8.P.)
Txp. 6 3500%221 2870%156
(c.P.)
Exp. 5 1800%226 2730+94
Trot Lxp. 6 2610t497 2270%133
: (8§.P.)
EXp. 6 3110+251 2950t222
(C.P.)
Exp. 5 2090%223 2820%900
Canter Exp. 6 2542F411 2085%397
(lead) (s.P.)
Exp. 6 2600+278 2410%521
(c.P.)
Exp. 5 3840%747 3970£590
Canter Exp. 6 3677%£872 3111+437
(trail) (§.P.)
Exp. 6 4280%778 45701305
(c.P.)

Values are mean and SD.



The motion analysis of the left fore limb during

one stride at the each experiment. .

Explanation and abbreviation of figure.

H.O: heel off
T.0: Toe Off

LOCUS
1. Point on the scapular spine
2. Shoulder joint
3. Elbow Jjoint
4, Carpus Jjoint
5. Fetlock joint
6. Point on the coronary of hoof
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The pattern of the strain changes of the hoof

during one stride at the each experiment.

Abbreviation of figure.

Vert. : Vertical diraction

Hori. : Horizontal diraction

Exp. 1 - Exp. 4

MH : Medial Heel UpP
MQ : Medial Quarter LP
Toe : Toe
1. : Lateral Quarter
LH : Lateral Heel

Exp. 5
MQ : Medial Quarter CP
Toe : Toe

1.Q : Lateral Quarter

Exp. 6
MQ : Medial Quarter SP
Toe : Toe

LQ ¢ Lateral Quarter cp

X3

Upper point

Lower point

Center point

Same point
(This point is same
as Exp. 5 - CP )

Center point
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The pattern of the transformation changes of the heel

during one stride at the exp. 2 and exp. 3.

Abbreviation of figure.

TM : Timing Mark
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