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Abstract

Objective: To summarize the physical benefits of therapeutic horseback riding and hippotherapy and suggest
directions for future research.

Methods: Review of databases for peer-reviewed articles related to equine-assisted activities and therapies.
Databases included MEDLINE via EBSCO, Web of Science, PubMed, Google Scholar, and Academic Search
Complete. Articles were limited to those with full-text access published in English since 1987.

Results: Acute and residual improvements in physical benefits, such as gross motor function (e.g., walking,
running, jumping), spasticity, muscle symmetry, posture, balance, and gait occur in adults and children with
varying disabilities. The benefits appear to be greatest following multiweek interventions with one or more
sessions per week. Modest acute cardiovascular responses are observed during equine-assisted activities and
therapies with little or no evidence for training improvements in heart rate or blood pressure at rest or during
riding.

Conclusion: The present body of literature provides evidence that equine-assisted activities and therapies are an
effective means of improving many measures of physical health. However, more controlled trials are urgently
needed to strengthen the current knowledge base, establish dose-response characteristics of equine-assisted
activities and therapies, and explore the physiologic basis for the promising results suggested from the literature.

and muscle asymmetry.'>*> EAAT improves pos-
8.3 3
ture®#33364¢ and balance”'028-31:3437-404547 iy individuals

Introduction

QUINE-ASSISTED ACTIVITIES AND THERAPIES (EAAT) is a

broad term that encompasses therapeutic horseback
riding and hippotherapy (Box 1). Therapeutic horseback
riding includes teaching specific riding skills to those with a
variety of disabilities by nonlicensed professionals.'* Hip-
potherapy is conducted by physical, occupational, and speech
therapists. Hippotherapy interventions use the rhythmic
movement of the horse to include a variety of activities on
horseback that are designed to improve functional abilities
and quality of life of individuals with neuromuscular im-
pairments. '

Horseback riding as a therapeutic tool has been studied in
those with some form of cerebral palsy (CP),>*>* Down
syndrome (DS),”'#3735 multiple sclerosis (MS),>**" spina
bifida," Elnal cord injury (SCI),*"* traumatic brain injury
(TBI), 10,19,32,44 stroke,10 * autism spectrum diSOI‘dCI‘,lg’46
intellectual disabilities,*” and developmental delay.”'""*

EAAT appears clinically useful for improving measures
of gross motor function,>®12720-28:29-3133 ¢ cticity, 30384243

with CP and other disorders. Likewise, balance and lower-
limb strength are improved in healthy, elderly patients.**~°

EAAT may contribute to enhanced physical function as the
horse elicits passive and active stretching from the rider, and
allows the rider to facilitate righting and equilibrium reac-
tions while on the horse. The rider, then, reproduces move-
ment patterns that are similar to those of natural human
activities, such as walking.> More specifically, the pelvic
girdle and torso undergo a similar range of motion in both
activities.’'

Improvements in these factors are thought to be critical for
enhancing gait. Walking is crucial for maintaining activities
of daily living (ADLs) and quality of life and gait appears to
be enhanced following EAAT in adults and children being
treated for neuromuscular disorders,':'8-3132-33.3638:45 )
addition, decreased energy expenditure while walking has
been reported following EAAT.'®%7

Cardloressplratory responses have been reported in healthy
participants and in participants with a chronic condition
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Box 1. DEFINITIONS OF KEY TERMS

Term Definition

Equine-assisted A broad term that includes any
activities activities or therapies that incorporate
and therapies equines. The term includes any

specific riding center activity
(e.g., therapeutic horseback riding)
and any rehabilitative treatment
(e.g., hippotherapy).’
Hippotherapy A physical, occupational, or speech
therapy treatment modality that
is conducted by licensed therapists
and uses equine movement. "

Therapeutic A treatment modality that uses equine
horseback movement and aims to improve
riding physical and psychosocial attributes

of the rider in addition to teaching
specific riding skills. This equine-
assisted activity does not involve
licensed therapists. '

riding a horse.'®?>~2” Although cardiovascular responses to
horseback riding are difficult to measure, the stresses of
horseback riding appear to be less than that of low-intensity
walking.®*” The purpose of this review is to provide a
historical context of EAAT, summarize the physical bene-
fits, identify gaps in current understanding, and suggest di-
rections for future research.

Materials and Methods

This review of the literature included searches of several
databases (MEDLINE via EBSCO host, Web of Science,
PubMed, Google Scholar, and Academic Search Complete)
for related articles published in English since 1988. The
search terms included: horseback riding, equine therapy,
hippotherapy, therapeutic horseback riding, and combina-
tions of these terms with gross motor function, spasticity,
posture, balance, gait, cardiovascular, and simulator. One
hundred and three articles that were related to horseback
riding and EAAT were identified. Because of the scope of
the paper, we excluded papers that did not include physical,
cardiovascular, or metabolic outcomes. Articles were lim-
ited to peer-reviewed full text, published since 1987. Re-
maining were 77 articles that directly related to this review.

This review is intended foremost for therapists and
healthcare providers who conduct EAAT to improve phys-
ical function in their patients. It is intended for those who
are considering the use of EAAT and would like a broad
overview of its purported benefits. This review will also be
useful for researchers and healthcare providers interested in
determining how to overcome the limitations in our current
understanding of EAAT.

Results
History

Hippocrates was the first to describe the ‘“‘health-giving”
rthythm of the horse.®® Documentation of the benefits of
horses to health and well-being has existed since the fifth
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century BC, when Greek and Roman soldiers injured in battle
were placed back on their mounts to facilitate recovery.”> The
first complete reference to the value of equine movement as
an effective method to promote and conserve health was
made by Mercurialis (1569) in the book De Arte Gymnasti-
ca.%® n 1782, J.C. Tissot was the first to describe three forms
of movement: active, passive, and a combination of active
and passive movement, which is typical of equitation.®®

In their review, Sterba et al.? stated that horseback riding
as a form of therapy gained more recent acceptance after
two serious epidemics of paralytic poliomyelitis that oc-
curred in Scandinavia in 1946. These events led to the
founding of the first two centers of therapeutic horseback
riding in Copenhagen, Denmark, and Oslo, Norway, for the
treatment of children with neuromuscular disorders, most
notably children with poliomyelitis and CP. From 1953
onward, therapeutic horseback riding has been actively
promoted by the International Polio Fellowship in England.
The first book published on the use of the horse for thera-
peutic means appeared in Germany in 1961. In 1965, the
development of the first therapeutic riding program in North
America was established in Toronto, Ontario, Canada. The
North American Riding for the Handicapped Association,
now a part of the Professional Association of Therapeutic
Horsemanship International, was founded in 1969 to support
riders from both the United States and Canada.’

Physical effects of EAAT

Once placed on the horse, the rider is in a position that
inhibits extension spasticity of the legs and applies a long-
lasting stretching of the hip adductors.®® This mechanism
alone can be useful in reducing abnormally high muscle
tone.” Balance can be improved if neuromuscular and ves-
tibular mechanisms are affected. As the horse walks, its
center of gravity is displaced three-dimensionally with a
rhythmic movement very similar to that of the human pelvis
during walking.*® The horse’s smooth and rhythmic gait
elicits motor responses in the rider that are essential for
movement patterns of a human pelvis while walking.® The
rider’s center of gravity shifts with the moving horse, fa-
cilitating righting and equilibrium reactions that improve
trunk stability and posture.® In addition to musculoskeletal
function and motor control, these reactions are thought to
generate improvement in respiratory, circulatory, and di-
gestive health.> A wide variety of measurement tools are
available to assess physical function. The most common
instruments are listed in Box 2.

Gross motor function

Gross motor skills are activities that use large muscle
groups to perform complex movement patterns that incor-
porate trunk balance, coordination, strength, and rnobility.13
Table 1 summarizes the effects of EAAT on the gross motor
function measure (GMFM) in children with various dis-
abilities. Table 1 shows that dimension E (i.e., walking,
running, and jumping) of the GMFM is improved more than
dimensions A through D. Dimension E improved by 8.5% in
children with CP after 18 weeks of therapeutic horseback
riding? and by 10% in children with CP after 16 weeks of
therapeutic horseback riding in another.'”” Similar im-
provements in total GMFM scores have been reported in



Box 2. EVALUATIVE TooLs TO ASSESS FUNCTIONAL OUTCOMES

Motion capture

Measurement of the 3-dimensional position of reflective
markers using video analysis

Method Acronym Unique features Reference
Gross Motor Function
Calculated gross motor GMFM-66 A calculated version of the GMFM-88, it has been developed 12
function measure and validated with similar reliability as the GMFM-88
Gross motor function measure ~GMFM-h 16-item measure that includes dimensions A and B from the 14
assessed on horseback GMFM-88 while riding a horse
Gross motor function measure GMFM-88  88-item evaluative measure that is designed to quantify changes 19
in gross motor skills without regard to quality of performance
in individuals with various disorders
It includes 5 dimensions: (A) lying and rolling; (B) sitting;
(C) crawling and kneeling; (D) standing; (E) walking,
running, jumping
Spasticity
Ashworth Scale values ASV A scale, ranging 1-5, that is used to quantify spasticity 42
in the hip, knee, and ankle while lying supine
Grade 1: no increase in tone; grade 2: slight increase
in tone when the limb is flexed or extended; grade 3:
a greater increase in tone but the limb is easily flexed; grade
4: considerable increase in tone, passive movement is
difficult; grade 5: limb rigid in flexion and extension
Muscle asymmetry
Electromyography EMG Measurement of electrical activity of skeletal muscles using 12
surface electrodes
Posture
Assessment scale — A scale, ranging from 0 to 3, or severe to normal; assessed at 3
the head, neck, shoulder, trunk, spine, and pelvis
Accelerometry - Sensors strategically placed on body landmarks that 3
can measure acceleration in all three dimensions
Motion capture - Measurement of the three-dimensional position 46
of reflective markers using video analysis
Force plates and center - Center of pressure calculated using a measurement 46
of pressure of ground reaction forces in all three dimensions
Balance
Pediatric balance scale PBS 14-item standardized assessment including timed single-leg °
stance, tandem stance, alternating stool touch and forward
reach; children’s version of BBS
Quadruped balance test QBT While on hands and knees with eyes facing forward, 3
a combination of raising both arms and legs
Standing balance test SBT Include standing on one leg with arms at sides, arms across 34
chest, both blindfolded and without a blindfold
Berg balance scale BBS Originally designed for elderly, assess balance and fall risk in 3
individuals with neuromuscular dysfunction; provides
information on position changes and postural control while
performing ADLs
Tinetti performance oriented POMA Same as BBS, but provides an additional assessment of gait 37
mobility assessment
Timed up and go test TUG Measures physical mobility and balance; involves standing 3#
from a chair, walking 3 m, turning and walking back to the
chair, and sitting back down
Stabilometry - Analyzes static postural balance by measuring magnitude of 40
postural sway along A-P and M-L axes with respect to center
of pressure
Interactive balance scale IBS Assesses static standing balance by measuring changes in the 4
vertical pressure of the heels and toes
Fullerton advanced FABS Validated test of static and dynamic balance, appropriate for 49
balance scale higher functioning individuals
Gait
Free walking - Velocity assessed using at one’s own volition 10
Walkway with pressure - A portable, carpeted walkway embedded with pressure sensors B
sensors that can measure gait speed
Walkway with - Can measure gait speed, stride time, and stride length at any 36
microprocessors given speed
10-m walking test - Velocity and cadence assessed in 1 direction at maximum 3
walking speed over 10 m »

ADL, activity of daily living; A-P, antero-posterior; M-L, medial-lateral.

11




(panunuod)

UOTJUSAISIUL JO)JE M / PUE QUI[SEq U3am)aq pue
UONUIAIUI 19} A[SJRIPSUIWI PUB QUI[ISEq UamIaq
91095 1810} ur sjyuewaAoldwr JuedoyruSis ‘oSeraAe uQ

QI00S 810} UT 9OUAIJJIP JUBOYIUSIS ON

Surpur 19)Je 21005 ALJIND [B10) PUEB I0OS
H uotsuawiIp ur juawdAoidwr juedoyrusis ‘9FeIoAr uo
‘SuIplI I0)je (J—V SUOISUSWIP JO 9I00S UT 9OUISJJIP ON

JueoyIusgIs jou sem juowdsolidwr jnqg ‘sdnoid

yjoq ur paroiduwir 91008  UOISUSWIP PUE SAIOJS [RIO],
UOTJUSAIUL JdJJE M Q
PUE M Q] 18 POIBAJ[O PAUIBUIAI PUR MM T 18 PIseaIoul
ApueoyrugIs 9100S g UOISUSWIP ‘UOJUIAIIUI JAJJe M 9
S[OAQ] QUI[eSEq O} PAUINIaI INq YMQT Ie

pasealour Apjueoyrusis 2109s [B10) ‘d3eIdAR UQ

UQIP[IYO YJoq I0J F UOISUSWIP
Ur PaAIsqo syuauaAolduwr jseSIe] ‘uonuaAIIul
I9)Je PIIYO PUOIIS I0J H-—¢ SUOISUSWIP Ul PUL
PIIYo T 10J g—V SUOISUQWIP UI SOI0JS Ul sjuaurasoxduy
UOTJUSAIUL JO OW 7|
0} € WOI} %E T8 01 %T 6C PISLaIdUL 2109 Y-INJIND
945G 01 9,() WOIJ ¢ UOISUSWIP Ul PISLAIOUL PUR %178
0) %' 1€ WOIJ Y UOISUSUWIIP Ul PASBAIOUT SAI0JS ‘OW 7|
Je ‘padueyoun sem ¢ UOISUSWIP PUB %4 € O) %9 [T
WO} Y UOISUQWIP UI PISBIIOUT SAI00S JAJND ‘OW € 1Y
DIo‘gV
suorsuowiIp ur agueyo
OU ‘QUI[OSEq SNSIOA UOTJUIAIIUL J9}JE M G J pue
( suorsuawIp ur sjuswaroidwr jueoyrusis ‘afeIraae uQ

UOTIUQAIUT

I0)Je M / ‘Io)e
ATojeIpawiwil ‘(paSeroae
AIOM $AI0IS) AI0Jdq

sown) g WAAIS 88-INJIND

UOT)UIAIUI JJ)Je pue
210J2q UAAIS 99-INAIND

Adeoyy

[BUOTIUDAUOD JA}JB YM Q]

‘UIplI 191Je M Q[ ‘Q10J3q
palaistuIupe 88-INJIND

UOT)UQAIUI

I9)Je pue 210Joq

parajsturuipe ‘g uoIsuawip
uo sndoj B PIm ‘NWJIND

UOT)UIAISIUT
I9)Je M 9 ‘SuLmp ym 9
KI9A9 ‘910Joq A[ereIpawuul
*210J0q M 9 UGAIS 88-NAIANID

UONUQAISIUL Jo)Je pue
210J9q Passasst §8-INAIND

JIUOW/QWI) | PAINSBIW
U-INHIAD -UOTIUSAI)IUT
JO 71 pue 6 ‘9 ‘¢ syjuow
Je pue 3I0Joq PAId)SIuTpe
(g ‘v suotsuswip) 88-INJIND

UOT)UQAIIUL 19)J8
MM G “I9)Je A[ejeIpauiwil
210Joq UAAIS AJIND

UoISSos
UT (09 NM/Qun [ M L

UOISSIS/UTW (jp—(O¢
S/ [ Ym Q[

UOISSS/UTW () “[M/SOWT)
7 ‘Ade1ay) [BUONUIAUOD
Jo ym 9] pue SUIPLI JO YM 9]

UOISSIS
/UIW (09 “YM/ouWn | ‘ow 9

UoISSIS
U 09 m/own [ M g|

UoISSas
/U Qg MW [ M ]

ow g
jse] Sunmp uonisod suoid
paddoid ‘ow ¢ is1y Surnp

uonisod premyoeq ‘UOISSIS
/UG “YMm/sown 7 ‘oW Z|

UoISSas
/U (9 Ym/own | Mg

SIOPIOSIP SNOLIBA [JIM
SI910 ‘gD Y

7 ‘Kz 98e ‘uaIpyo £
dnoi3 [onuos ur ¢t
‘dno13 rejuowradxe
ur (¢ ‘A=z o3e

‘dD WM USIPIIYO 66

o1 T8 10 101SOUDUIA

o T8 30 s1AeQ

K¢z o3e

‘dD M URIP[IY ]
dnoi3 jonuod ur g
‘dno13 1ejuowradxe
ur O] ‘A=< o3e

‘dD Yim uaIp[Iyd 61

¢ Te 30 Sury)

o Te 10 uouu BN

K Gz a3e

‘dD WM USIP[IYO L] ¢ I8 19 BqIag
Surpur yoeqasioy onnaderay],

ow ()€ pue ('8 93k

‘SA Wim wAIP[IYd T [e 10 duSeduwiey)

K(Q'9 a3e

‘dD WM Py | o1 T2 39 YaISH

KO'01 23e
dD M prIyd | ¢1 18 39 yoruIqg

S9IpNIS 9se))

$IUL0IIN()

SpoyIaul pup S2UNSVIP

Ldvaayy
Jo Louanba.ffapowruonypin

sdno.3 puv sjuvdionivg dpmig

NOLLONN, YOILOJA SSOUD) NO SHAIdVITH], ANV SHILIAILOY dAISISSY-ANINOYH 40 SLOdAdq '] 414V ],

12



3

‘uorjouwr Jo a3uer ‘O (QINSLIW UOTOUNJ I0JOW SSOIS WN-99 ‘99-IAIIND

‘QWIOIPUAS UMO(] ‘S(] $JOBQISIOY UO PISSISSE AINSBIW UONOUN] JOJOW SSOIT ¢ Y-JAJJAD QINSBIW UOIIOUN] JOJOW SSOIT WaI-88 ‘8-IALIND ‘oInseaw uonouny Jojouwl ssoid ‘NJIND ‘Asred [819a100 ‘D
‘Surdwn( pue uruuni ‘Supjem ‘g Suipuels ‘q FurEouy pue Surmerd O Sums ‘g Surfjo1 pue Sulk] ‘Y :sSuolsuUSWIP NJIND

H uolsuswip pue 99-INJIND

M POAIISQO

sem sdnoid usomieq 109J0 uonorIAUI JUBOYIUSIS
‘ouraseq Je sdnoi3 uoomlaq SAI09S UI DUAIJJIP ON

UOT)UIAISIUT

198 dnoi3 [ejuswIadxa IIM PIAIISQO AI0IS

H UOISUSWIP puk 2109S 99-INJND 1o1ea1s Apueoyrusis

‘uonjuaAIdul 193Je sdnoi3 yroq ur sa109s 99-NAIND

pue 88-INAIAD UM PaAaIasqo juawaaoldwr juedoyrusis
¢sdnoi3 uoomiaq QUIOSEq 18 PIAISSQO DUIJJIP ON

Al TPA9] 10J D pue ¢ SUOISUSWIP

pue ‘T[] [9AJ[ I0J (J PuB D) SUOISUSWIP ‘] [9AJ] 10] H pue

( SUOISUQWIP ‘[ [9AS] JOJ g UOISUSWIIP UI UOTIUSAIIUI

o) 193 dnoi3 TejuowIadxe Ul paAIasqo juawaAoxdwr

JueOYIUSIS ‘[9A] INJIND 03 192dsa1 Y)Im ‘UOTIUSAIIUI

19)je dnoi3 rejuowrodxo ur SQ100s F—g UOISUSWIP

‘99-NHAIND ‘88-NIIND UT dSEBIOUT JULdYIUSIS
‘oureseq Je sdnoiS uoomioq SI09S UT AOUIJJIP ON

[01U0d peay pue NOY Ul sjuswaaoxdwr papnpour
uondooiad [ejuared (21008 g uorsuaWIp ul sA3UBYD ON

SOI00S QUITaskq OMm) UT SUBYD OU {S9I0S JUI[ASEq IYIIS
M paredwiod UONUIAISIUL I9)JE 2J0S F UOISUSWIP Ul
jusuraAoxdwir JuedyIuSIs pamoys UaIp[Iyd [V

UOT)USAISIUT I9)Je A[QIRIPOWIWI 0} 10Joq A[oIeIpauur
WOIJ D UOISUIWIP Ul 2109 JJeAIT APuedyIudis
B pUE SQ100S [)0} 19)ea13 ApueoyruSis pey UIp[Iyo /

UOTJUSAIUL IOJJE M |
0) 910J9q M T WOIJ $9I00S [€10} paAoIdwil UIP[IYD [[V

UOT)USAISIUT Id}Je pue
910Joq Passasse 99-NIIND
JO uone[o[ed [RUOLIPPE
M $3I00s §8-INHIND

UOTJUSAIIUL
I0)Je puB 9I0Joq PISSIsse

99-INJIND PUB 88-INHIND

UOTJUQAIIUI I3}J8 pue
210J9q PIssasse 99-INAIND
JO uone[nO[Ed [RUONIPPR
YA §3I00S 8B-INHIND
UuonNuUIAIdUI SULINp YMm g
KI9AQ UQAIS ‘g uolsuawIp
uo snooj € yum NAND
UOTJUDAIUL
19ye A[orerpawwl
‘910J9q A[eIBIpaWIWI ‘910Joq
M § UQAIS “H uoIsuawIp
uo sndojJ & yum WAIND
UOIJUAIIUI IJ}JB
M Q] ‘I0)je A[ejerpawuwr
‘210J9q A[9IBIpowWI ‘Q10Joq
MO USAIS 88-NAIND
UOTIUSAIUI Id)J®
M g1 ‘101 A[ejerpawur
‘210J9q A[9IBIpowIWI ‘910Jq
M T UIAIS 99-INAIND

dnoi3 [onuod ur (uoIssas
JUIL (¢ “ya/sown ) A[uo
Ade1ay) [euOnUIAUOD JO
g ¢dnoi3 [eyuswiadxo ur
(UOISSIs/uIl ()¢ “NMm/sawn) 7)
Ade1oy) [eUONUAAUOD pUE
(UOISSIs/UIU ()¢ “NM/saWn) 7)
Aderoypoddiy jo ym g

UOISSaS
JUTW G YA/SOWN T M 8

sdnoi3 yjoq

ur AderoyjorsAyd apisino
Jo Ym/y ¢ ‘dnoi3 [onuod

ur uoneinp/Aouanbaiy awes
JO 9SIDIOXQ JIOIdR ‘UOISSIS

JUIIQE M/S9WD T M g

:OmmmOm
U g Ym/euwn [ M Ql

UOISSIS
JUIW OE YM/SOUWN T M 8

Uorssas
UL Gy Ym/own | M Q]

UorIssas
/U Qg Ym/ewn | M Z]

dnoi3 [onuod ur 91
‘dnoa3 1ejuswradxa
ur 9] ‘A z o3e

‘dD ym UdIp[IYd ¢

dnoi3 jonuood ur g
‘dnoa3 1eyucwradxa
ur ¢ ‘K¢z o3e

‘dD WM UAIP[IYO §§

dnoi3 [onuod ur g4
‘dnoa3 Tejuowradxa
ul G ‘s1eak 42 o3k

‘dD WM UIP[IYO 76

ow / 7z a3e
‘dD M URIp[IYd ¢

K6z 93
‘dD Y udIp[yd ¢

Kg< 93¢
‘dD Wi uaIp[Iyd O

K Gz o3
‘dD yim uaIp[Igd 9

(¢ T8 10 uomy|

oz T8 10 Ied

ww._m Jo uomy

oz T8 10 TIuey

o1 T8 10 UOQQIDOIN

L1’ Te 10 Apese)

21 [B 39 UOqQqIHON
Kdesayyoddiyg

sauoom(

SpOYIaUL pUn S2UNSDIY

Kdp.iayy
Jo Kouanba.fjapoutuonvincg

sdnoas pup sjuvdionivg

dpmg

(QEANIINOD) T AT14V],

13



14

children with varying disorders, such as CP, DS, autism,
spina bifida, and TBL.'® Evidence also suggests that residual
improvements in GMFM scores are maintained 4-16 weeks
after therapeutic horseback riding.>'>"

Hippotherapy may improve GMFM scores by 1%—14% in
children with CP,”’18 and improvements in GMFM scores
can be maintained 12 weeks after hippotherapy ends.'?
However, there is evidence that improvements in GMFM
score can also return to baseline 10 weeks after hippother-
apy.'” Although little evidence supports that hippotherapy
can improve dimension B (i.e., sitting) of the GMFM, anec-
dotal evidence has included improvements in the participant’s
head control and range of motion (ROM) of the torso and
head.?® From the evidence presented in Table 1, it appears
that children with CP exhibit a predominant acute response
and typically improve most in dimension E after EAAT.

Spasticity

Spasticity is an accompanying phenomenon of SCIs and
disorders and is defined as a ‘‘velocity-dependent increase in
muscle tone elicited by passive stretching.”42 In EAAT, the
rhythmic movement of the rider’s trunk (flexion/extension)
combined with trunk torsion has a beneficial effect on
spasticity.** Spasticity is inhibited during riding because of
a combination of flexion, extension, and external rotation at
the hip joint.*®

Table 2 shows the effects of therapeutic horseback riding
and hippotherapy on the spasticity of participants with MS or
SCI. The results provide evidence that EAAT can acutely
reduce spasticity in patients who have SCI. In adults with SCI,
improvement after 11 weeks of hippotherapy was greatest
in individuals with the highest spasticity after 11 weeks.*
However, there was no significant lasting effect (i.e., 4 days)
in the spasticity of adults with SCI following 4 weeks of
hippotherapy, suggesting that the results are not maintained in
this population.*” In children with CP, spasticity levels did not
differ between a group that performed 12 weeks of therapeutic
horseback riding and a group that performed outside thera-
py.>° At present, there is insufficient quantifiable evidence to
show that spasticity improves after EAAT in individuals with
neurologic dysfunction other than SCI.

Muscle asymmetry

Physical growth accompanied by muscle asymmetry and
long-term sensory and motor impairments leads to increas-
ingly severe disability.”> Muscle asymmetry can be char-
acterized by an uneven distribution of spasticity on one side
of the body and can contribute to abnormal posture, balance,
and gait."? This muscle imbalance may lead to uneven bone
growth, contractures, spinal deformities, scoliosis, imbal-
ances in weight bearing, hip dislocation, chronic pain, and
increasing difficulty with performance of basic motor skills
defined in the GMFM.** Conventional medical procedures
to correct muscle asymmetry are often invasive and can
include selective dorsal rhizotomy, botulinum toxin injec-
tions, or tendon-release surgical procedures. These treat-
ments are invasive and expensive and can require multiple
repeated interventions. The benefits are often minimal and
may not be worth the time, cost, and pain to the participant.
The potential for EAAT to reduce muscle asymmetry may

RIGBY AND GRANDJEAN

therefore be considerable; at the same time, EEAT may not
be as cumbersome as other treatment options.

Although the mechanisms for these improvements are not
clear, it appears that the repeated, small postural adjustments
made through the rhythmic, symmetric movement of the horse
are thought to help the rider achieve symmetric weight bear-
ing.** Only 8 minutes of hippotherapy can transiently improve
postural muscle asymmetry up to 64.6%,?> and reduce ad-
ductor muscle asymmetry after 10 minutes by 41.2%, in chil-
dren with CP."? The reduced asymmetry of adductor muscles
reported after 12 weeks of hippotherapy can be sustained by as
much as 48.2% after a 12-week detraining period.'? These
results suggest that adductor muscle asymmetry is reduced
after single episodes of hippotherapy and that this effect, re-
peated with hippotherapy training, produces an adaptive im-
provement that can be sustained for several weeks. Although
the interaction between acute and training effects has not been
directly studied, hippotherapy appears to be an effective tool
for reducing muscle asymmetry in children with CP. Indeed,
the magnitude of effects is as strong as or stronger than what
has been reported for passive stretching.?

Posture

The repetitive, thythmic movement of the horse during
therapeutic horseback riding and hippotherapy allows the
rider to learn to anticipate the correct response in order to
remain on the horse.* Proper postural control, defined as the
average position of the back and trunk relative to the pelvis,
is necessary in this learning process.* During hippotherapy,
the rider has numerous opportunities to respond to the
movement of the horse while performing functional tasks,
such as reaching and stretching.?® The therapy forces the
rider to produce compensatory movements in order to
maintain postural control on a dynamic surface, thus leading
to a reduction in the changes of the rider’s center of gravity.*

The effects of therapeutic horseback riding and hip-
potherapy on posture are reported in Table 3. During one
session of therapeutic horseback riding, lateral trunk dis-
placement can change up to 10.2 degrees in children with
CP compared with 5.8 degrees in healthy controls.® Ten
weeks of therapeutic horseback riding can significantly
improve posture in children with CP, as evidenced by im-
proved trunk displacement, head stability, and pelvic
alignment and decreased neck hyperextension.” Despite
these singular findings, there is insufficient evidence to
conclude that posture is improved. The variety of postural
assessments and subjective nature of evaluate measures
make it difficult to determine the influence of therapeutic
horseback riding and hippotherapy. More well-controlled
studies that include standardized tests of posture and motion
capture technology before and after EAAT are needed to
assess acute and chronic responses. If posture is indeed
improved, the residual effect of EAAT is also unknown.

Balance

According to Hammer et al.,*® the improvement in a
participant’s balance can be expected after completion of
EAAT because riding a horse is a balance-demanding task.
The movements of the horse are thought to constantly
change vestibular sensory information, requiring the rider to
adjust in order to stay upright. Changes in the speed and
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PHYSICAL BENEFITS OF EQUINE-ASSISTED THERAPIES

direction of the horse are thought to increase the control of
muscle fibers, thus improving balance through neuromus-
cular coordination.®

The effects of therapeutic horseback riding and hip-
potherapy on balance of participants with various disorders
and healthy elderly individuals can be found in Table 4. In
adults with MS, 20 weeks of therapeutic horseback riding
can improve balance, assessed by the Tinetti performance
oriented mobility assessment, by an average of 25%.*°
Additional anecdotal reports provide evidence for balance
improvements after 10 weeks of therapeutic horseback rid-
ing.*® Twenty-four weeks of therapeutic horseback riding
can improve standing and quadruped balance by an average
of 58% and 75%, respectively, in adolescents and young
adults with DS.** Hippotherapy training can improve bal-
ance by 8%—11% in adults with CP and TBI after 8 Weekslo;
by 20%-23% in adults with MS after 4 months*’; by 6% in
adults following a stroke after 16 weeks®; by 3%—24%
in healthy elderly individuals after 8 weeks**>%; and by 25%
in children with intellectual disabilities after 10 weeks.*’

In summary, short-term EAAT of as little as 8 weeks can
acutely improve balance in adults of varying age and dis-
ability. At present, there is insufficient evidence to conclude
that balance is improved after EAAT in children with
varying neuromuscular disorders. It is not clear whether
training duration is a critical factor, when balance may be
influenced most, or how long balance improvements last
after EAAT interventions. More research is needed, partic-
ularly with acute and chronic responses in children after an
EAAT intervention.

Effects of EAAT on the pelvis and gait

The position of the pelvis is important in that it affects the
alignment of the spine, head, and limbs.®” The movement of
the pelvis is involved in many ADLs, such as walking. In-
dividuals who are diagnosed with some neuromuscular
dysfunction likely experience hindered gait and abnormal
pelvic kinematics, leading to increased resistance to move-
ment throughout the ROM of the pelvis and trunk.®

The effects of a hippotherapy program on pelvic kine-
matics (i.e., pelvic displacement, ROM) in children with
spastic CP have been investigated.*'*? In one study, the
authors evaluated the effects of hippotherag)y on gait in
children diagnosed with bilateral spastic CP.>" An analysis
of pelvic kinematics revealed a decrease in average pelvic
tilt during gait after hippotherapy.>' The authors hypothe-
sized that the decrease in pelvic tilt may be related to an
improvement observed in the balance of the participants.®’
Trunk, pelvis, and hip motion were also observed during the
stance phase (i.e., the contact of a limb on the ground) of gait
in 11 children with CP and other neurologic disorders after 10
weeks of hippotherapy.** Hip flexion decreased to match the
values observed in controls after hippotherapy.** The inves-
tigators reported qualitative improvements; however, no sig-
nificant change in trunk and pelvic positioning were
observed. The authors concluded that the observed increase in
postural control was likely influenced by improvements in
trunk and hip alignments during gait.>* These studies provide
evidence that hippotherapy can improve some aspects of gait
through an increase in postural control, balance, or a com-
bination of the two.

17

Table 5 summarizes the effect of EAAT on gait. Overall,
no significant difference in the temporal-spatial gait param-
eters has been reported following an acute exposure to the
therapies. However, training programs have yielded signifi-
cant improvements in stride length by 17%¢ and by 29%.'
Changes in gait velocity and cadence are mixed. Statistically
significant differences are seen in ankle kinematics (i.e.,
improved ROM, improved gait cycle parameters), but not
knee kinematics, after 13 weeks of hippotherapy in children
with DS.*

ROM, body segment displacement, and muscle forces
need to be characterized at the ankle, knee, and pelvis in
individuals with neuromuscular disorders following EAAT.
These variables should be investigated concurrently with
temporal-spatial gait measures to help describe why these
measures may improve.

Cardiovascular and metabolic benefits of EAAT

The cardiorespiratory and metabolic responses to thera-
peutic horseback riding>?” and hippotherapy'®~° have been
investigated in children with CP. Heart rate has been mea-
sured before, during, and immediately after the hippother-
apy sessions.”® These responses can be highly variable, in
part because of anticipation felt by the participant, which
may influence the measurement of change in the responses
from rest to exercise, and the time at which the measure-
ments are made during the therapy session. For example,
mean systolic blood pressure (—5% change) and diastolic
blood pressure (—2% change), heart rate (—8% change), and
blood oxygen saturation (—1% change) were lower 5 min-
utes into hippotherapy compared with resting conditions
before the session in 22 children with spastic CP.?® In
contrast, heart rate (14% change), oxygen consumption
(41% change) and ventilation (45% change) were elevated
after 20 minutes of therapeutic horseback riding in children
with varying severity of CP.*’

Heart rate has been used to calculate energy expenditure
while walking before and during hippotherapy training.'® In
children with spastic CP, the energy expenditure index
(EEI) while walking was assessed before and after an 8-
week hippotherapy intervention in children with spastic
CP.'"® The walking EEI is defined as (walking heart rate —
resting heart rate)/walking velocity.”® All five participants
showed significantly decreased EEI (mean, 39%) after the
hippotherapy compared with before the therapy.'® Among
children with varying severity of CP, 10 weeks of thera-
peutic horseback riding elicits a higher average resting heart
rate and a higher median and peak heart rate during exercise
in wheelchair-dependent participants compared with those
who are more ambulatory.”> The lower walking energy
expenditure may reflect the fact that those who participate in
EAAT are more comfortable with walking or can perform
ADLs more easily or a combination of both. The limited
results are promising, and further investigation is critically
needed to determine whether the therapies have a sustaining
effect with regard to energy expenditure while walking.

Cardiovascular responses to EAAT remain poorly defined.
Heart rate and blood pressure responses may be influenced by
anticipation of the riding because heart rate increases as a
result of the anticipation or excitement of an unfamiliar
event.”" At present, there is insufficient evidence to suggest
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PHYSICAL BENEFITS OF EQUINE-ASSISTED THERAPIES

that EAAT has a residual or training effect similar to the
effects generally expected from training to improve cardio-
vascular fitness.’? Limited information exists on the cardio-
respiratory responses to horseback riding, particularly in
those with physical disabilities, in part because of a host of
factors that confound measurement precision. Movements of
the rider in response to the horse augment the variability.
Environmental conditions, such as temperature and humid-
ity, and the logistics of collecting respiratory data as the horse
and rider move throughout a large space, add to the diffi-
culties in characterizing the physical responses to horseback
riding. Even if most of these factors are controlled for during
a single measurement session, reproducing the same condi-
tions becomes almost impossible in attempts to obtain pre
and post-training measurements, which are often separated
by many sessions and several weeks.

Nonetheless, because cardiovascular fitness is a central
measure of physical fitness and is an independent predictor of
chronic health conditions, more studies are needed to in-
vestigate whether horseback riding at a walking pace stim-
ulates the cardiovascular system, including studies that
provide data on a dose-dependent response (i.e., different
walking intensities) and more measurements taken through-
out the therapy.

It may be of tremendous value to clinicians to understand
cardiovascular responses to various horseback riding inten-
sities in order to compare to other ADLs and to ascertain
whether cardiovascular adaptations result from EAAT as
they do from consistently practiced ADLs (e.g., walking,
running, and jumping). Careful planning and thoughtful
control of environmental factors are critical because a va-
riety of factors conspire to prevent reliable cardiovascular
measurements during EAAT.

Considerations of the horse

The effect of EAAT on the horses is an often overlooked,
but important, aspect that may affect changes observed in the
rider. Although horses are typically chosen for health, passive
and tractable behavior, or quality of gait, it is important to
identify horses that are at risk for high levels of stress during
the therapy session, leading to health and behavioral prob-
lems.”*””> A horse used for EAAT that should be gentle and
pleasant, a temperament that will have a calming effect on the
rider. However, horses are social animals and respond to
external stimuli that may go unnoticed by the riders or han-
dlers, resulting in increased stress that may lead to the horse
exhibiting noncompliance during EAAT sessions.”®

Discussion

EAAT is a broad term that includes hippotherapy and
therapeutic horseback riding. These forms of therapy im-
prove gross motor function (particularly walking, running,
and jumping), spasticity, and muscle asymmetry in individ-
uals with various disorders, including CP. These physical
benefits can lead to improvements in posture and balance.
EAAT can also elicit modest, acute cardiovascular responses
and improve components of gait, including walking velocity,
stride length, and cadence. The improvements observed in
gait of those who regularly engage in EAAT are thought to be
related to the similarities between the motion of the rider’s
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pelvis while sitting on a walking horse, the motion of the
rider’s pelvis while ambulating along a level surface, and the
motion of the horse’s pelvis while walking.>'3%77

While most studies have focused on the noticeable,
physical benefits of EAAT, the literature lacks evidence as
to why the benefits occur. Very little evidence exists re-
garding the physiologic responses to EAAT, which need to
be investigated concurrently with functional testing. For
example, improvements in an individual’s circulatory sys-
tem could affect exercise performance and thus gross motor
function. Improvements in an individual’s respiratory sys-
tem could affect walking velocity and duration. Improve-
ments in neuromuscular function could decrease spasticity
and lead to a lower energy expenditure and less stress placed
on the cardiovascular system while performing ADLs.

The existing literature have several limitations. Anestis
et al. recognized and discussed many of these limitations in
their recent systematic review of equine-related treatments
for mental disorders.”® Although some assessments exist,
more validated, standardized, and quantitative evaluative
instruments are needed, particularly for balance and posture.
More stringent control over the existing instruments that rely
on subjective measures is also needed (e.g., gross motor
function measure, Ashworth scale). Those performing as-
sessments using these instruments should have formal train-
ing or a form of certification before administering the tests.
Inter- and intratechnician reliability measures should be re-
ported.

Although electromyography data have been used during
hippotherapy to assess activation,”? more studies must be
performed to investigate exactly which muscles are being
activated and to what degree, using electromyography and
motion capture. Experimental protocols and interventions
during EAAT should be described in more detail. In partic-
ular, the activities performed on the horse during therapeutic
interventions must be specified relative to the severity of the
participant’s chronic disability. For the studies that analyze
cardiorespiratory data, a more comprehensive cardiorespira-
tory profile is needed to investigate chronic adaptive changes.
Cardiorespiratory data need to be integrated with variables
related to functional testing in order to improve understanding
of physical changes with EAAT from a dynamic standpoint.

Control groups are not included in much of the related
current literature. Future protocols should include more
within-group crossover designs and more randomization of
participant populations with the same chronic condition if
separate groups are studied. Control groups might also be
composed of those with similar disorders assigned to stan-
dard or conventional therapy.

Additional studies should provide data on children and
adults with varying neuromuscular disorders and varying
severity of their respective conditions, longer treatment pro-
tocols, and follow-up assessments (e.g., at least up to 1 year
after therapy).

A common weakness that exists for most treatment/in-
tervention programs is also true of equine-related pro-
grams. The differences in equine-related programs are
across facilities pose a major obstacle for establishing
generalizable benefits. To promote generalizability in this
field, practitioners should be aware of and document how
their particular programs and the measurements they obtain
to establish efficacy are modified from those described in
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the literature.”” Interested readers are referred to excellent
discussions on the topic of program fidelity.”®”’

In conclusion, the present body of literature provides ev-
idence that EAAT is an effective means of improving many
measures of physical health. The benefits of EAAT appear to
be greatest after a multiweek intervention in which the par-
ticipant rides one or more times per week. Any improve-
ments generally begin to decrease and return to preriding
levels several weeks after the riding has stopped. At present,
the primary need is the undertaking of controlled trials to
firmly establish the efficacy of EAAT in order to continue the
promising results suggested from the limited evidence pre-
sented herein. Evidence for the efficacy of EAAT might lead
to a more widespread acceptance by healthcare practitioners
and therapists. This may lead to a greater demand for EAAT
to be recognized as beneficial by health insurance providers
and ultimately result in EAAT becoming more affordable
and accessible.
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