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Introduction

Cerebral palsy (CP), a neurological disorder caused by non-
progressiveandpermanentbraindamage, can result in impair-
mentsofmovement, posture, sensation, perception, cognition,
and motor control. Physical therapy (PT) is a common inter-
vention forchildrenwithCP topractice functionalmovements,
improve motor control, reduce impairments, and learn stra-
tegies that compensate for lost function.1

The World Health Organization’s International Classifica-
tion of Functioning, Disability and Health: Child and Youth

Version (ICF-CY) framework is based on a biopsychosocial
model that covers functioning and disability with its compo-
nents, namely, body structure, body functions, activities, and
participation, and identifies the need to consider, represented
by personal and environmental factors. The ICF-CY defines
activity as “the execution of a task or action by an individual”
and participation as “involvement in a life situation.”2 Diverse
evidence indicates that physical activity has a beneficial effect
on all children, including children with disabilities.3 Children
with CP participate in leisure-time physical activities less
often, with less intensity and reduced diversity than their
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Abstract Objective This study was aimed to identify individual factors influencing the gross
motor outcome of hippotherapy in children with cerebral palsy (CP).
Methods One hundred and forty-six children with CP (mean age: 5.78 � 1.72 years,
male: 56.2%) presenting variable function (gross motor function classification system
[GMFCS], levels I–IV) participated in this study. Participants received 30 minutes of
hippotherapy twice a week for 8 weeks. Clinical information including GMFCS level,
age, sex, CP distribution, CP type, gross motor function measure-88 (GMFM-88),
GMFM-66, and pediatric balance scale (PBS) score were collected retrospectively. We
regarded the children with GMFM-66 score increased by 2.0 points as good responders
to hippotherapy. Further we analyzed factors affecting good responders.
Results GMFCS level I and II compared with IV (odds ratio [OR] ¼ 6.83) and III compared
with IV (OR ¼ 4.45) were significantly associated with a good response to hippotherapy.
Higher baseline GMFM E (OR ¼ 1.05) and lower baseline GMFM B (OR ¼ 0.93) were also
significantly associated with a good response to hippotherapy. Sex, age, CP type, and
distribution were not factors influencing gross motor outcome of hippotherapy.
Conclusions The children with CP, GMFCS level I–III, with relatively poor postural
control in sitting might have a greater chance to improve their GMFM-66 scores
through hippotherapy. This supports the hypothesis that hippotherapy is a context-
focused therapy to improve postural control in sitting.
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peers without disabilities.4,5 Reduced activity and participa-
tion cause deterioration in body function and structure, such
as cardiovascular disease risk, bone density, metabolic dis-
turbance risk, obesity, andelevatedbloodpressures in children
with CP.6 However, many traditional physical therapies for
childrenwith CP focus on impairments within the child at the
domain of body function and structure. Damiano7 stated that
“treatments cannot be justified unless they produce a change
in activity, participation, or, more elusively, health-related
quality of life for the person receiving the intervention.”
Furthermore, she stated that hippotherapy for muscle sym-
metry and activities is regarded as a “good” treatment
approach for children with CP.

Equine-assisted activities and therapies (EAATs) have
been widely used as leisure activities for children with CP
since the 1960s.8 Hippotherapy was developed to maximize
the therapeutic effect of EAATs. The termhippotherapy refers
to how occupational therapy, physical therapy, and speech-
language pathology for professionals use evidence-based
practice, and clinical reasoning in the purposeful manipula-
tion of equine movement to engage sensory, neuromotor,
and cognitive systems to achieve functional outcomes. The
three-dimensional smooth, rhythmic, and repetitive move-
ments of the walking horse produce normalized pelvic
movement similar to the pelvic movement during ambula-
tion.9 The warmth and rhythmic movement of the horse are
estimated to decrease hypertonicity and increase range of
motion. While adjusting the dynamic base of support from
the horse, children can improve trunk strength, balance, and
motor planning.10Most importantly, childrenwith CP recog-
nize EAATs as pleasant activities rather than therapies.
Children with CP, like other children, want to be physically
active, have fun, and enjoy the sensation of speed.11

EAATs have been shown to improve gross motor function,
postural control, balance,10,12 gait,13 and functional perfor-
mance14 in children with CP. Several meta-analyses and sys-
tematic reviews have shown that EAATs positively affect gross
motor function inchildrenwithCP.10,12,15Grossmotor function
measure (GMFM) is themostwidelyusedoutcomemeasure for
assessing changes ingrossmotor functionover time in children
with CP. Although many studies have reported significant
improvements inGMFMscores, a recentmeta-analysis showed
a nonsignificant increase in GMFM scores after EAATs in
children with CP.16 In fact, the improvement in the GMFM
score varieswidely among individuals. However, little research
has been conducted on the factors that influence the gross
motor outcome of EAATs in children with CP. Therefore, this
study aimed to identify the individual factors influencing gross
motor outcome in children with CP after hippotherapy.

Methods

Study Design
This was a retrospective study investigating childrenwith CP
who participated in 8 weeks of a hippotherapy program
(30 minutes per session, twice a week, for a total of 16
sessions) at one local riding arena, between October 2009
and August 2016. Clinical information, including GMFCS

(gross motor function classification system) level, age, sex,
CP distribution, CP type, gross motor function measure-88
(GMFM-88), GMFM-66,17 and pediatric balance scale (PBS)
were collected retrospectively. GMFM-88, GMFM-66, and
PBS have been used to measure the functional outcomes in
participants after hippotherapy since 2009 for quality con-
trol. Since a clinically meaningful improvement in GMFM-66
was reported to be an average of 1.58,18weregarded children
with an increase in GMFM-66 of 2.0 points as good respon-
ders to hippotherapy. Furthermore, we analyzed factors that
affected good responders.

Participants
All participants voluntarily received hippotherapy, in addition
to the conventional physiotherapy that they had participated
in. All participants were screened and evaluated before and
after the hippotherapy by one pediatric physiatrist who had
worked at a tertiary medical center located in the Seoul
metropolitan. Furthermore, themedical records of all patients
were reviewed by the same physiatrist. The inclusion criteria
were: (1) diagnosis of CP, (2) bodyweight < 35 kg, and (3) age,
3 to 10 years. The exclusion criteria were: (1) botulinum toxin
injection within 6 months, (2) selective dorsal rhizotomy or
orthopedic surgery within 1 year, (3) moderate to severe
intellectual disability (when the participant could not follow
the one-stepobeycommand), (4) uncontrolled seizure, and (5)
poor visual or hearing acuity. These criteria have been used for
selecting participants in our center since 2008. Participants
who were absent for the lessons more than four times were
excluded from the final analysis. All the parents agreed on
behalf of the participants to refrain from botulinum toxin
injection during the course of the therapy.

Hippotherapy
Samsung’s Riding for the Disabled Program (RD-Samsung) in
an 18 � 27 m indoor riding arena located in Gunpo, Kyung-
gido, Republic of Korea provided hippotherapy classes. Ses-
sions were conducted by two physical therapists who held
hippotherapy clinical specialist certificates. For safety, two
volunteer side walkers walked with the horse and all parti-
cipantsworehelmets. A soft saddlemade of woolwas used to
maximize contact between the participants and the pony.
The four ponies were trained by the staff to participate in
hippotherapy (average height, 135 cm; average weight, 294
kg). The ponies and participants were matched for size and
function asmuch as possible. Two participantswere grouped
together for each session, and each was assigned a separate
therapist for private lessons. Our hippotherapy treatment
protocol was based on the study by McGibbon et al19 which
included muscle relaxation; sustenance of optimal postural
alignment of the head, trunk, and lower extremities and
independent sitting; and active exercises (stretching,
strengthening, dynamic balance, and postural control) direc-
ted by the therapist. The participants were encouraged to
maintain postural alignment during all the activities. The
intensity of the exercises and degree of assistance were
individualized according to the participants’ ability to con-
trol their posture.
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Ethics
The study protocol was reviewed and approved by the
institutional review board at the Samsung Medical Center
(registry no. SMC 2017-12-081). Informed consent was
waived due to the retrospective nature of the study.

Outcomes Measured

Primary Outcome: GMFM-66
Assessment of GMFM-66 was performed by two pediatric
physical therapists before and after the 8-week hippotherapy
program. The change in GMFM-66 is a reliable tool for
detecting changes in gross motor function in children with
CP.17GMFM-66 consists of 66 items through Rasch’s analysis,
excluding 22 items with repeated difficulty levels.

Secondary Outcome: GMFM-88
The GMFM-88 consists of 88 items in the following five
dimensions: (A) lying and rolling; (B) sitting; (C) crawling
and kneeling; (D) standing; and (E) walking, running, and
jumping.17

Secondary Outcome: PBS
The PBS is a modified version of the Berg’s balance scale and
used in childrenwith spastic CP. The PBS consists of 14 items
and evaluates functional balance in everyday tasks. The items
assess the functional activities within the home, school, or
community, including sitting balance, standing balance, sit
to stand, stand to sit, transfers, stepping, reaching forward,
reaching the floor, turning, and stepping on and off through
an elevated surface. Each item is scored on a four-point scale.
The validity and inter-/intrarater reliability of PBS have been
demonstrated in children with CP.20

Statistical Analysis
We regarded children with an increase in GMFM-66 of 2.0
points as good responders to hippotherapy as mentioned
above. For sex, age, and distribution (only spastic type)
subgroups, the Chi-square test was used to analyze the
proportion of good responders. For CP type, Fisher’s exact
test was used to analyze the proportion of good responders.
For GMFCS level, the linear-by-linear associationmethodwas
used to analyze the proportion of good responders. The t-
tests were used to compare GMFM-66, GMFM-88, and PBS
changes according to sex, age, and distribution (only spastic
type). For the CP type and GMFCS level, Kruskal–Wallis test
(nonparametric method) was used. For GMFCS level, Mann–
Whitney test was used as a posttest.

The variables used for univariate logistic regression were
age, sex, distribution, CP type, GMFCS level, baseline GMFM
A/B/C/D/E, and baseline PBS. For analysis purposes, GMFCS
levels were stratified into three groups, namely, levels I and
II, III, and IV. The possibility of self-ambulation and the
necessity of using walking aids are the most important
factors in classifying children with CP according to their
motor function. Baseline GMFM-66 and baseline GMFM-88
were strongly correlatedwith each other. Therefore, baseline
GMFM-88 was excluded from the selection of variables.

Variableswith p-values less than 0.2 in the univariate logistic
regression analysis were selected for multivariate logistic
regression analysis to identify the factors that affected the
efficacy of hippotherapy. The significance level was set at
< 0.05. All analyses were performed with SPSS version 24.0
software (IBM Corp., Armonk, New York, U.S.A.).

Results

We enrolled 155 participants who met the inclusion and
exclusion criteria. Nine childrenwere excluded from thefinal
analysis owing to frequent absences (> four times). Finally,
the data of 146 participants were analyzed retrospectively.
The attendance rate of the participants was 94.0 � 8.0%.

The mean age of the participants was 5.78 � 1.72 years.
Of the 146 participants, 82 (56.2%)wereboys; 128 (87.7%), 10
(6.8%), and eight (5.5%) participants were spastic, dyskinetic,
and ataxic CP, respectively. Of the 128 children with spastic
CP, 12 had a unilateral distribution; 24 (16.4%), 48 (32.9%), 44
(30.1%), and 30 (20.5%) participants were GMFCS levels I and
II, III and IV (►Table 1), respectively.

Seventy-one participants (48.6%) were good responders
to hippotherapy. Therewas no difference in the proportion of
good responder in sex, age, CP type and distribution sub-
groups. However, as a result of linear-by-linear association
analysis, we found that as the GMFCS level increased, the
proportion of good responder decreased (►Table 1).

GMFM-88 changes in children with unilateral CP were
significantly greater than in those with bilateral CP
(p ¼ 0.001). There was no statistical difference of GMFM-
66, GMFM-88 and PBS changes according to CP types. There
were significant differences in GMFM-66, GMFM-88, and PBS
changes according to the GMFCS level. Results are described
in detail in ►Table 2.

Variables with p-values less than 0.2 in the univariate
logistic regression analysis were: the GMFCS level; the base-
line GMFMB, C, D, and E scores; and the baseline PBS score. In
the multivariate logistic regression analysis, GMFCS level of I
and II comparedwith IV (p ¼ 0.046) and III comparedwith IV
(p ¼ 0.045), baseline GMFM E score (p ¼ 0.031), were the
factors that had a positive influence on good response to
hippotherapy. Baseline GMFM B score (p ¼ 0.046) had a
negative influence on good response to hippotherapy. Sex,
age, CP type and distribution were not factors influencing
gross motor outcome of hippotherapy according to our
analysis (►Table 3).

Discussion

Here, we found that the children with CP, GMFCS levels I and
II or III, with relatively poor postural control in sitting might
have a greater chance to improve their GMFM-66 scores
through hippotherapy. To our knowledge, this study is the
first to analyze the factors that affect the therapeutic effect of
hippotherapy. Conflicting evidence exists regarding the
improvement of GMFM scores after hippotherapy. Despite
this, many studies reported significant improvements: the
most recent meta-analysis revealed an insignificant increase
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in GMFM score.16 Contributing to these contradictory results
may be the limitations of small sample sizes, individual
variability (gross motor functions, age, and CP types and
distribution), types of intervention (hippotherapy vs. ther-
apeutic horseback riding and private lesson vs. group lesson),
and insufficient intervention duration. This study involves a
relatively large number of subjects (146 participants with
CP). Furthermore, the intervention is relatively uniform over
a sufficient period (single-center study for 8 weeks). As we
also had observed that the degree of improvement in GMFM
scores after hippotherapy had individual differences, we
would like to analyze factors (individual variables) that affect
the gross motor outcome measured using GMFM-66. As the
minimal clinically important difference in GMFM-66 was
reported to be 1.58, we regarded the childrenwith GMFM-66
scores increased by 2.0 points as good responders to hip-
potherapy. Moreover, we analyzed the factors that affected
good responders.

Several studies have been conducted that investigate the
factors are affecting the response of children with CP to
physical therapy in a hospital setting. Chen et al reported that
the PT efficacy of young (< 3 years old) children with CP was
better and that the GMFM-66 score improved at 8 years of
age. Furthermore, the improvement differed among the five
GMFCS levels (p < 0.001), and GMFCS level II had a faster
progression in Chen et al’s study.20 Similar results were
confirmed in another study on factors that affected the
response to intensive therapy in children with CP or devel-
opmental delay.21However, we could not find any additional

effects of age on GMFM improvement after hippotherapy,
which is not consistent with previous studies.20,21 This result
is thought to be due to the fact that approximately half of the
participants were aged 6 years or older who already reached
the plateau of the GMFM-66 score. This can be paradoxically
interpreted that hippotherapy can be an effective therapy for
some school-aged children with little potential of further
improvement in GMFM scores.

Like conventional PT, hippotherapy was more effective in
the ambulatory group than in the nonambulatory group. The
participants with GMFCS levels I and II and III were signifi-
cantly more likely to be good responders than those with
GMFCS level IV (►Table 3, odds ratio [OR] ¼ 6.83, 4.45). The
most marked change in GMFM-88 was noted in GMFCS level
III and the most marked change of PBS was noted in GMFCS
level II. A recent study that used ICF-CY checklist confirmed
that the effect of hippotherapy was distinct from GMFCS
levels, and most improvements were present in children
with GMFCS levels I–III.22

The GMFM-66 curves appear to reach plateaus by about
age 7 years. Children, on average, reach approximately 90% of
their motor function (as measured by the GMFM-66) by
around age � 5 years, depending on their GMFCS level.
Children with GMFCS levels IV and V are expected to achieve
90% of their potential GMFM score at the age of 3.5 and 2.7
years, respectively.23 Children with GMFCS levels IV and V
exhibited significant limited motor function and potential to
improve.24 However, this does not mean that hippotherapy
should be performed only for children with GMFCS levels I

Table 1 Analysis of the ratios of good responders to hippotherapy among subgroups.

Subgroups Total
n (%)

Good responders
n (%)

Poor responders
n (%)

p-Value

Sex

Boys 82 (56.2) 39 (47.6) 43 (52.4) 0.770

Girls 64 (43.8) 32 (50.0) 32 (50.0)

Age (y)

3 � age < 6 77 (52.7) 37 (48.1) 40 (51.9) 0.883

6 � age < 11 69 (47.3) 34 (47.9) 35 (50.7)

CP type, n (%)

Spastic 128 (87.7) 62 (48.4) 66 (51.6) 1.000

Dyskinetic 10 (6.8) 5 (50.0) 5 (50.0) 1.000

Ataxic 8 (5.5) 4 (50.0) 4 (50.0) 1.000

Distribution (spastic type)

Unilateral 12 (9.4) 7 (58.3) 5 (41.7) 0.471

Bilateral 116 (90.6) 55 (47.4) 61 (52.6)

GMFCS level

I 24 (16.4) 15 (62.5) 9 (37.5) < 0.001

II 48 (32.9) 31 (64.6) 17 (35.4)

III 44 (30.1) 18 (40.9) 26 (59.1)

IV 30 (20.5) 7 (23.3) 23 (76.7)

Abbreviations: CP, cerebral palsy; GMFCS, gross motor function classification system.
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and II, or III. The previous randomized controlled trial (RCT)
study showed that the gross motor function of children with
GMFCS level IV was also significantly improved as compared
with that of the control group after hippotherapy.25 Hsieh
et al reported that the limitations of activities and participa-
tion domain of the ICF-CY checklist (d235–managing one’s
behavior, and d315–communicating with or receiving non-
verbal messages) were reduced after hippotherapy in chil-
dren with GMFCS levels IV and V. They thought that this
improvement may have been due to an increased awareness
of the child’s ability to communicate and perform general
tasks and respond to demands. The authors stated that
hippotherapy may provide these children with a modifying
activity that ensures their participation in building a rela-
tionship with a horse.22

The GMFM D and E areas have a decisive impact on the
GMFM-66 score. All 13GMFM-88D itemsandall 24GMFM-88
E itemsare included inGMFM-66.Therefore,highGMFMDand
E scores can affect further improvement in GMFM-66 score.
We found that baseline GMFM E score (walking, running, and
jumping) was a positive predictive factor of hippotherapy.
However, unexpectedly, we found that a lower B score (a
low sitting function) predicts a better outcome of hippother-
apy. During hippotherapy, children do various activities to

improve postural control in the sitting position. Previous
meta-analysis studies demonstrated that EAATs are indicated
to improve postural control and balance in childrenwith CP.10

Thepresent results andpreviousmeta-analysis results suggest
that hippotherapy is a context-focused therapy to improve
postural control in sitting. Childrenwith CPandGMFCS levels I
and II or III who have relatively poor postural control in sitting
might have a greater chance to improve their GMFM-66 scores
through hippotherapy. This result also supports the recent
study which suggests that hippotherapy shows distinct ther-
apeutic strengths with regard to promoting upright stand and
gait in children with cerebral palsy.26

Wedid notfind any influence of CP type and distribution on
the increase in GMFM-66 score after hippotherapy. Relatively
fewer ataxic (5.5%) and dyskinetic (6.8%) CP cases than spastic
cases were enrolled in this study. Spastic CP is the most
common type of CP, accounting for 72 to 91% of CP cases.27

Furthermore, childrenwithdyskineticCPwere reportedtohave
more severe cognitive and motor impairments than children
with bilateral spastic CP.28 Therefore, they were likely to have
been excluded from the therapy according to our inclusion/
exclusion criteria. There is a big difference in gross motor
function between the children with unilateral CP and those
with bilateral CP; 98%of hemiplegia, 66.7%ofdiplegia, and only

Table 2 Changes of GMFM-66, GMFM-88, and PBS after hippotherapy

Subgroups GMFM-66 change GMFM-88 change PBS change

Mean (SD) p-Value Mean (SD) p-Value Mean (SD) p-Value

Sex

Boys 2.27 (1.77) 0.561 2.81 (1.92) 0.415 3.40 (3.25) 0.843

Girls 2.45 (2.10) 3.16 (2.96) 3.30 (3.13)

Age (y)

3 � age < 6 2.30 (1.79) 0.768 2.90 (2.32) 0.762 3.47 (3.01) 0.657

6 � age < 11 2.40 (2.07) 3.02 (2.56) 3.23 (3.39)

CP type 0.818 0.208 0.523

Spastic 2.32 (1.94) 2.91 (2.54) 3.29 (3.24)

Dyskinetic 2.39 (1.50) 3.52 (1.64) 4.30 (3.10)

Ataxic 2.78 (2.23) 3.01 (1.19) 3.25 (2.98)

Distribution

Unilateral 2.46 (2.17) 0.787 1.56 (1.16) 0.001 3.83 (3.30) 0.544

Bilateral 2.30 (1.92) 3.05 (2.60) 3.23 (3.25)

GMFCS level

I 3.33 (2.26) 0.001a 1.73 (1.20) 0.001c 2.88 (2.13) < 0.001d

II 2.82 (2.07) < 0.001b 2.86 (2.16) 4.42 (3.61)

III 1.98 (1.57) 3.76 (2.95) 3.57 (3.41)

IV 1.36 (1.17) 2.94 (2.36) 1.73 (2.00)

Abbreviations: CP, cerebral palsy; GMFCS, gross motor function classification system; GMFM, gross motor function measure; PBS, pediatric balance
scale; SD, standard deviation.
aSignificant difference of GMFM-66 between GMFCS I and IV.
bSignificant difference of GMFM-66 between GMFCS II and IV.
cSignificant difference of GMFM-88 between GMFCS I and III.
dSignificant difference of PBS between GMFCS II and IV.
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3.9% of quadriplegia were reported as GMFCS levels I–II.29 The
greaterchangeofGMFM-88 inunilateral CPmightbeattributed
to the high percentage of GMFCS levels I and II in this group.

Children’s participation in activities at home, school, and
community is one of the most important outcomes of
rehabilitation interventions, because it is fundamental to
their health and development. Most traditional interven-
tions for children with CP focus primarily on factors in the
domain of body function and structure. EAATs seem to be
attractive to all children with CP and their family members,
as it is a fun sport that improves their body functions,
activities, and participation.22 Emerging therapy interven-
tions for children with physical disabilities suggest focusing
changes in the environment and/or the activity demands
(i.e., context-focused therapy) rather than on directing
change to the child’s abilities (i.e., child-focused therapy)
as a useful approach to improve function and participation.30

Furthermore, the recently introduced treatment models
influenced by the dynamic systems theory consider task or
activity completion as the goal, with less emphasis on
remediation or “normalization” ofmovement components.31

From this point of view, EAATs can be a context-focused,
goal-based therapy for children with CP. During hippother-
apy, the rider must perform various activities and tasks on
the horse in real-life environments outside the therapy gym
(barn, arena, nature, etc.). Moreover, human-horse interac-
tion is a powerful motivation for engaging children’s parti-
cipation in the therapy.32 Novak stressed the importance of

“child-active approaches” where the child is actively practi-
cing real-life tasks during intervention (usually in real-life
environments) to gain or consolidate real-life skills that they
want to learn.33

Limitations
This study has several limitations. First, this is a retrospective
study without a control group. A prospective RCT should be
conducted to confirm our results. Our results indicate that
walking ability is a determinant factor influencing motor
outcome of hippotherapy in children with CP. Therefore, in
designing future studies, theGMFCS level of children shouldbe
considered as an inclusion/exclusion criterion. Hippotherapy
is currently classified as a yellow-light interventionwhich had
either lower-level evidence supporting their effectiveness or
inconclusive evidence. Novak stated that “when yellow-light
interventions are used, it is imperative that clinicians utilize a
sufficiently sensitive outcomemeasure to confirmwhether or
not the intervention is working and if it is helping the child to
achieve their family’s goals.”33 From this point of view, the
Canadian occupational performance measure and goal attain-
ment scaling (GAS) are recommended as outcomemeasures in
EAATs or hippotherapy research. Both measures work well
within a family-centered approach because they encourage
family-led goal setting and facilitate individualization that is
critical to heterogeneous conditions, such as CP. The thera-
peutic riding assessment of impact network proposed using
GAS as a common outcomemeasure at four therapeutic riding

Table 3 Factors that influence the therapeutic effect of hippotherapy.

Factors Univariate logistic analysis Multivariate logistic analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Sex Boys Reference – – –

Girls 1.10 (0.57–2.12) 0.770 – –

Age (y) 3 �age< 6 Reference – – –

6 �age< 11 1.05 (0.55–2.01) 0.883 – –

Distribution Unilateral Reference – – –

Bilateral 0.65 (0.20–2.16) 0.485 – –

GMFCS level I or II 5.81 (2.20–5.38) < 0.001 6.83 (1.03–45.09) 0.046

III 2.28 (0.81–6.42) 0.121 4.45 (1.03–19.16) 0.045

IV Reference – Reference –

CP type Spastic Reference – – –

Dyskinetic 1.07 (0.29–3.86) 0.924 – –

Ataxic 1.07 (0.26–3.86) 0.932 – –

Baseline
gross motor

Baseline GMFM A 0.93 (0.69–1.25) 0.626 – –

Baseline GMFM B 1.04 (0.99–1.09) 0.124 0.93 (0.87–0.999) 0.046

Baseline GMFM C 1.06 (1.02–1.11) 0.006 – –

Baseline GMFM D 1.05 (1.02–1.08) 0.001 – –

Baseline GMFM E 1.04 (1.02–1.05) <0.001 1.05 (1.01–1.11) 0.031

Baseline PBS 1.04 (1.02–1.06) <0.001 – –

Abbreviations: CI, confidence interval; CP, cerebral palsy; GMFCS, gross motor function classification system; GMFM, gross motor function measure;
PBS, pediatric balance scale; OR, odds ratio.
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centers since 2014. Further several previous RCTs on EAATs or
hippotherapy examined mostly body structure and function,
such as muscle asymmetry, spasticity, gait, gross motor func-
tion, and balance, using various laboratory and clinical mea-
sures, suchassurfaceelectromyography,34modifiedAshworth
scale,35GMFM,25,36 and PBS.25Only two RCTs26,36 used the CP
quality of life questionnaire for children, child health ques-
tionnaire, and theKIDSCREEN-27 that represent quality of life.
When planning EAAT or hippotherapy clinical trials, we
recommend standardized outcome measures that meet cor-
responding individual’s goals based on the ICF model (body
structure/function, activity, and participation). The complex-
ity of EAATs or hippotherapy has an important influence on
RCT design. Thekey issues to consider include the definition of
each intervention and their components, the personproviding
the intervention (therapists, instructors, and side-walkers),
andwhere andhow the interventionswill be standardizedand
monitored during the trial. Second, the proportion of children
significantly differedwith CP type. Supplementing thepropor-
tion of children with ataxic/dyskinetic CP and hemiplegic CP
may enable further analysis. Third, factors related to the long-
term effects of hippotherapy remain unknown. Furthermore,
this retrospective study did not clarify the effects of the
individual language ability, cognitive level, and attention on
GMFM improvement after hippotherapy. Fourth, the exam-
iners were not blind to the intervention and therefore, the
postintervention ratings could have a positive bias.
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