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Therapeutic Effects of Horseback Riding Interventions

A Systematic Review and Meta-analysis
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Objective: Equine-assisted therapies, such as therapeutic riding and hippotherapy, are believed to have positive physical and emotional effects in
individuals with neuromotor, developmental, and physical disabilities. The purpose of this review was to determine whether therapeutic riding
and hippotherapy improve balance, motor function, gait, muscle symmetry, pelvic movement, psychosocial parameters, and the patients' over-
all quality of life.

Design: In this study, a literature search was conducted on MEDLINE, CINAHL, MBASE, SportDiscus, Cochrane Database of Systematic Re-
views, Cochrane Controlled Trials Register, PEDro, DARE, Google Scholar, and Dissertation Abstracts. Only studies with a control/
comparison group or self-controlled studies performing preintervention and postintervention assessment were included. Excluded were
(1) studies not providing data on baseline score or end-point outcome, (2) single-subject studies, (3) studies providing only qualitative data,
and (4) studies that used a mechanical horse. Sixteen trials were included. The methodologic quality of each study was evaluated using Downs
and Black quality assessment tool.

Results:Most of the studies showed a trend toward a beneficial effect of therapeutic riding and hippotherapy on balance and gross motor function.
The meta-analysis showed improvement in both the Berg Balance Scale and the Gross Motor Function Measure in therapeutic riding and
hippotherapy programs.

Conclusion: Programs such as therapeutic riding and hippotherapy are a viable intervention option for patients with balance, gait, and psycho-
motor disorders.
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Neuromotor, Developmental, Physical Disabilities
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T he terms neuromuscular diseases, neuromotor, develop-
mental, and physical disabilities are used to describe a

broad group of conditions characterized by some form of mo-
tor dysfunction, which is the target group for this article with
regard to the therapeutic effects of horseback riding interven-
tions.1 This group includes conditions due to a central nervous
system etiology, such as cerebral palsy (CP), stroke, multiple
sclerosis (MS), or spinal cord injury, or lower motor neuron
disorders, including conditions such as spinal muscular atro-
phy, peripheral nerve disorders such as Charcot-Marie-Tooth
disease, neuromuscular junction disorders such as congenital
myasthenia gravis or myasthenic syndromes, and disorders of
muscle fibers such as myopathies and muscular dystrophies,
and sarcopenia associated with aging.2,3 Conditions affecting
the motor cortex are the most common of these, creating
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vulnerabilities to disturbances of both posture and mobility.4

Many times, coexisting disorders of mental abilities, emotional
development, perception, speech, communication, and sensory
abilities are also present.1,4,5

Individuals with neuromotor, developmental, and physical
disabilities have abnormal gait patterns owing to abnormal
muscle tone, reduced control of their muscles, incoordination,
asymmetry between agonist and antagonist muscles, and poor
equilibrium reflexes.4,6

Physical activity provides many benefits to these individ-
uals, including the improvement of functional abilities, includ-
ing balance, and may delay progression of some disorders,
ultimately leading to reducedmorbidity and reduced premature
mortality. The psychologic benefits of such a program are also
important.1,6,7 The introduction of sports as a form of therapy
in the early formative years may also have a significant impact
on accelerating the rehabilitation of individuals suffering from
such forms of neuromotor, developmental, and physical dis-
abilities.8 According to the literature, equine-assisted thera-
pies are exercise therapies that can have positive physical
effects on coordination, muscle tone, postural alignment,
stiffness/flexibility, endurance, and strength, correcting abnor-
mal movement patterns and improving gait and balance.9,10

The terms used in this article to refer to a therapeutic ac-
tivity with the help of the horse are therapeutic riding (TR)
and hippotherapy (HT). TR is the adaptive or modified sport
(sport as therapy) of equitation. The purpose is to contribute
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positively to cognitive, physical, emotional, and social well-
being of people with disabilities. TR provides benefits in the
areas of therapy, education sport, and recreation and leisure.11

According to Sterba et al,8 “sports therapy” is the enjoyment of
any sport that results in improvements in gross motor function
for participants with neuromotor, developmental, and physical
disabilities.8,12 As horseback riding rhythmically moves the
rider's body in a manner similar to a human gait, riders with
physical disabilities often show improvement in flexibility, bal-
ance, and muscle strength. In addition to the therapeutic bene-
fits, TR also provides recreational opportunities for such
individuals to enjoy the outdoors.11 HT is the use of the move-
ment of the horse by health professionals with HT qualifica-
tions to address impairments, functional limitations, and
disabilities in participants with neuromotor, developmental,
and physical disabilities. As part of an integrated rehabilitation
treatment program, HT can be prescribed to achieve improve-
ments in posture, balance, mobility, walking energy expendi-
ture, function, and sensory abilities.5,10,11,13,14 Moreover, the
term equine-assisted activities and therapies is the terminol-
ogy used to describe these two types of riding.15

In recent years, TR and HT have systematically been used
as part of integrated rehabilitation treatment programs, with
significant positive impacts.14,16 The purpose of this study
was to assess the improvements that TR and HT can exert on
balance, motor function, posture, gait, muscle symmetry, pel-
vic movement, psychosocial parameters, and the patients' over-
all quality of life, using the evidence gathered from found in
international literature. Although there are a significant num-
ber of studies that discuss the positive impacts of TR and HT,
few studies use a control group and include quantitative data.
The systematic review and meta-analysis conducted in this ar-
ticle provide a quantitative overview of recent developments
and findings, enhancing and contributing to up-to-date litera-
ture in this scientific field.
METHOD
The study has been designed and the results have been re-

ported based on the Preferred Reporting Items for Systematic
Review and Meta-analysis statement. The Preferred Reporting
Items for Systematic Review andMeta-analysis is an evidence-
based minimum set of items for reporting in systematic reviews
and meta-analyses and focuses especially on the reporting of
reviews evaluating randomized trials.17 This study conforms
to all Preferred Reporting Items for Systematic Review and
Meta-analysis guidelines and reports the required information
accordingly (see Supplementary Checklist, http://links.lww.
com/PHM/A404).18

Eligibility Criteria
The studies included in this review concern published tri-

als (in the English language) involving children, adults, and the
elderly with diagnoses associated with impairments in motor
function, focusing on the intervention effects of HT or TR on
postural control, balance, gait, and spasticity as well as overall
quality of life indicators. A main criterion for selecting studies
to be included in this review was that the effects of HTand TR
were assessed in a quantitative manner.
2 www.ajpmr.com
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Inclusion and Exclusion Criteria
Only studies with a control/comparison group or self-

controlled studies performing preintervention and postinter-
vention assessment have been included. The studies excluded
(1) studies not providing data on baseline score or end-point
outcome, (2) single subject studies, (3) studies providing only
qualitative data, and (4) studies that used a mechanical horse.
Exclusion criteria were set for cointerventions such as medica-
tion or surgery that might have influenced the outcome. To in-
crease the reliability of citation selection, all potentially relevant
citations were reviewed independently by two investigators.

Information Sources and Search Strategy
A literature search was conducted in the databases

MEDLINE, CINAHL, MBASE, SportDiscus, Cochrane Data-
base of Systematic Reviews, Cochrane Controlled Trials Reg-
ister, PEDro, DARE, Google Scholar, Scopus, ISI Web of
Science, and Dissertation Abstracts using the following search
terms to record studies on HT or TR published February 29,
2016. The search algorithm used was “therapeutic riding”
OR “therapeutic horse riding” OR “therapeutic horseback
riding” OR “horse riding” OR “horseback riding” OR
hippotherapy OR “equine-assisted therapy” OR “equine-
assistedmovement therapy”OR “equine therapy”OR “equine
movement therapy” OR “developmental riding therapy” OR
“riding for the disabled.” The search was limited to English-
language articles. Hard copies of Pediatric Physical Therapy,
Gait and Posture, Developmental Medicine and Child Neurol-
ogy, American Journal of Physical Medicine & Rehabilitation,
Archives of Physical Medicine and Rehabilitation, and Phys-
iotherapy Theory and Practice were also searched. In addi-
tion, abstracts of the Gait and Posture conference and the
American Academy of Cerebral Palsy and Developmental
Medicine were also searched for relevant articles. Finally, the
reference lists of the included articles were also searched for
additional studies and any already published systematic review
or meta-analysis was cross-checked for studies that were po-
tentially missed out.

Data Extraction
The following information from each eligible scientific ar-

ticle was extracted: first author, year of publication, country,
total sample size and sample size per type of disorder, charac-
teristics and statistics of participants in the intervention pro-
grams (e.g., mean age of participants), interventions per type
of disorder, TR program, duration of interventions, outcomes,
follow-up duration, measures used to evaluate the efficacy of
interventions, and baseline and end-point measurements.
Moreover, any adjuvant interventions that were administered
were recorded. Data extraction was performed by the lead au-
thor and was checked by one of the coauthors.

Methodologic Quality Assessment of
Research Articles

The methodologic quality of each study was evaluated in-
dependently by two of the coauthors and differences were re-
solved by a third. Evaluation was performed using Downs
and Black quality assessment tool. The Downs and Black
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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checklist consists of 27 items categorized into four sections:
reporting (10 items), external validity (3 items), internal validity
(bias: 7 items, and confounding: 6 items), and power (1 item).
Twenty-five items were scored as yes = 1 point, no = 0, or un-
able to determine = 0; item 5 was scored as yes = 2 partially = 1,
no = 0; and lastly, item 27 was scored from 0 to 5 points, and
therefore, each study was attributed a total Downs and Black
score (range from 0 to 32). The mean (SD) Quality Index
Score for randomized controlled trials was 14.0 (6.39) (skew-
ness, −0.07) and for nonrandomized studies was 11.7 (4.64)
(skewness, −1.10).19 The kappa statistic was used to deter-
mine the interrater reliability, a measurement of the extent to
which data collectors (raters) assign the same score to the
same variables.20,21
Statistical Analysis
A meta-analysis of the mean differences of the Berg Bal-

ance Scale (BBS)22 or Pediatric Balance Scale (PBS)23 and
the Gross Motor Function Measure (GMFM)24 between inter-
vention and control groups was conducted for the studies in-
cluded. The analysis aimed at estimating the pooled effect
size of HT and TR on participants. Both fixed and random
effects meta-analysis were used. The meta-analysis was based
on the inverse variance method for weighting and the
Dersimonian and Laird estimator25 for the random effects
meta-analysis model was used. Cochran's Q test statistic26

was used to assess heterogeneity. The degree of heterogeneity
was assessed using the formula: I2 ¼ 100%* Q− k−1ð Þ

Q , where k
represents the number of studies included. The I2 statistic
ranges from 0% to 100%, and cutoff values of 25%, 50%,
FIGURE 1. Preferred Reporting Items for Systematic Review and Meta-analy
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and 75% indicate low, moderate, and high degrees of heteroge-
neity respectively. The analysis was conducted with the use of
Stata version 13 (College Station, TX).

RESULTS
The literature review and the application of the eligibility

and inclusion/exclusion criteria led to the detailed assessment
of 16 studies (Fig. 1).

Quality Assessment
Agreement between the two raters was 85.2% and the

interrater reliability kappa statistic28 was equivalent to 0.72
(standard error, 0.034), indicating substantial agreement.

Of the 16 studies reviewed, few have a low Downs and
Black score, whereas 8 studies had higher scores and qualified
for inclusion in the formal meta-analysis that followed. The
lowest score was noted for Kim et al.,29 with a score of 15,
and the highest was noted for Davis et al.,30 with a score of
28. More specifically, one study scored 27 on the Downs and
Black scale, two studies scored 24, three studies scored 21,
one study scored 20, four scored 19, and three scored 17.

Cerebral Palsy
Eight studies assessed the effect of HTand TR in children

with CP. The total number of participants (children) studied
was 343, of which 170 participants were in the HT and TR in-
tervention group and 158 participants were in a control group.
In the study of Kang et al.,31 a group of 15 participants (phys-
ical therapy group) were considered in a control and interven-
tion group. The common outcome measure was the GMFM,24
sis 2009 flow diagram.27
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but also fine motor function, balance, posture, gait, muscle
symmetry, pelvic movement, psychosocial parameters, and
quality of life were measured.

Davis et al.30 did not find a significant improvement in 35
children who participated in a TR program. Only two signifi-
cant differences (P = 0.04) were found between the scores
in the intervention and control groups (KIDSCREEN parent
report32 and family relations domain of the Child Health
Questionnaire33).

Kwon et al.34 found that the stride length increased signif-
icantly, with no change in cadence in the 16 participants of the
intervention group (HT plus physical therapy). In contrast, in
the control group (which undertook only physical therapy treat-
ment), cadence increased. Statistically significant interactions
between interventions were noted in the scores for dimension
E (walking, running, jumping) of the GMFM,24 GMFM-66,35

and PBS.23 In the intervention group, a decrease in the average
pelvic anterior tilt was noted during gait, at terminal stance,
and at initial contact.

Park et al.36 did not find significant differences between
the 34 participants of the HT intervention group and the 21 par-
ticipants of the control groups in terms of themean baseline total
scores of GMFM-66, GMFM-88, or Pediatric Evaluation of
Disability- Inventory Functional Skills Scale.37 After the 8-wk
intervention program, mean GMFM-66 and GMFM-8835

scores significantly improved in both groups. The HT group
had significantly greater improvement in dimension E and
GMFM-66 total score than the control group did. The total Pe-
diatric Evaluation of Disability-Inventory Functional Skills
Scale score and the subscores of its three domains were signif-
icantly higher in the HT intervention group, but not in the con-
trol group.

Kwon et al.38 found a statistically significant difference in
the 45 participants of the HT intervention group in GMFM-66,
GMFM-88, and GMFM dimensions B (sitting), C (crawling
and kneeling), D (standing), and E (walking, running, jumping).
No statistically significant results were found in the 46 partic-
ipants of the control group. Also, significant results were
found in PBS in the HT intervention group in contrast with
the control group, where no statistically significant difference
was noted.

In the study of Benda et al.,39 in the HT intervention
group, a significant improvement was noted in the symmetry
of muscle activity, in those muscle groups displaying the
highest asymmetry before HT (P = 0.051).

Kang et al.31 reported that the sway pathway and velocity
of the center of pressure on the force plate, when sitting, signif-
icantly decreased in the HT intervention group (P < 0.05) com-
pared with the physical therapy group and the control group.
This indicates that the HT intervention group had improvement
in sitting balance.

MacKinnon et al.40 found a significant difference in Skill
A (grasping) of Fine Motor Control41 (P = 0.006). Subsequent
analyses showed a significant improvement (P = 0.045)
between the moderate-CP intervention and moderate-CP
control groups.

Finally, Baik et al.42 noted an overall improvement in the
knee muscle tone and hip joint range of motion after treat-
ment with TR but they did not find statistically significant
4 www.ajpmr.com
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differences between the HT intervention group and the con-
trol group.
Elderly Individuals
Four randomized clinical trials assessed the use of equine-

assisted therapy for mobility improvement in the elderly popu-
lation. The total number of participants was 90 (elderly indi-
viduals), 43 in the intervention group and 47 in the control
group. The common outcome was the timed up and go test43

and the BBS.22

de Araújo et al.44 presented a statistically significant in-
crease in BBS and 30 chair stand test 45 in the HT intervention
group (P = 0.003 and P = 0.032, respectively), indicating an
improvement in the balance and muscle strength of the lower
limbs. In timed up and go, no statistically significant difference
was noted.

Homnick et al.46 did not note statistically significant re-
sults because of the small sample size, the relatively high initial
balance scores of the participants, and the tendency of the
members of the control group to increase their physical activi-
ties, which most likely influenced the outcomes of the study.

Araujo et al.47 found statistically significant results in
stabilometry data after the treatment in the variables center of
pressure anterio-posterior48 area (P = 0.02), center of pressure
anterio-posterior mean, and area means. A significant effect
was also shown in the mean results of the timed up and go
test (P = 0.04).

Kim and Lee29 measured subjects' static balance ability
before and after the intervention, using a Balance Plate, and
found that the step length increased significantly (P < 0.05)
in the HT intervention group and the sway path length de-
creased significantly in the HT intervention group in compari-
son to the control group (P < 0.05).
Multiple Sclerosis
Three studies assessed the effect of HTand TR on individ-

uals with MS. One study did not include a control group. The
total number of participants was 52, 32 in the intervention
group and 20 in the control group. Of the 52 participants, 12
were diagnosed with relapsing-remitting MS; 6, with second-
ary progressive MS; 5, with primary progressive MS; 3 were
unknown in Silkwood-Sherer and Warmbier49; and 26 were
not stated in the Muñoz-Lasa et al.9 research. The common
outcome measures were the Tinetti Performance Oriented Mo-
bility Assessment (POMA),50 the BBS, and gait speed (meters
per second).

In the Silkwood-Sherer andWarmbier49 study, statistically
significant differences in scores for the BBS (P = 0.012) and
the POMA (P = 0.006) were found in the HT intervention
group consisting of nine participants. The most significant
change occurred between the preterm and midterm tests in
BBS (P = 0.016) and POMA (P = 0.016). No statistically sig-
nificant changes in any of the items of BBS (14 items were
tested) were observed in the physical therapy control group
of six participants (they undertook only physical therapy).
In contrast, the mean rank change of the alternating stool
touch task (12th item of BBS) showed significant change
(P = 0.037) for the HT intervention group. Also, a statistically
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Studies included in meta-analysis in BBS/PBS and GMFM

Meta-analysis ID Author

Study Group Control Group

Patients InterventionYear Mean SD N Mean SD N

Studies included in meta-analysis BBS/PBS
1 Araujo 2013 54.58 2.11 12 54.13 2.34 16 Elders HT
1 Homnick 2012 55.9 0.3 9 54.7 1.5 6 Elders TR
2 Silkwood-Sherer 2007 45.44 12.42 9 40.17 7.91 6 MS HT
2 Beinotti 2010 49 13 10 45.1 14.2 10 Stroke HT
3 Kwon et al. 2011 45.8 8.6 16 41.5 10.6 16 CP HT
3 Kwon et al. 2015 28.9 18.8 45 27.1 18.3 46 CP HT
Studies included in meta-analysis GMFM
4 Davis et al. 2009 73 17 35 74 18 37 CP TR
4 Kwon et al. 2011 73.7 8.3 16 70.1 8.1 16 CP HT
4 Park et al. 2014 61.43 14.78 34 62.46 21.7 21 CP HT
4 Kwon et al. 2015 63.5 15.8 45 61.8 15 46 CP HT
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significant difference was found between the posttest BBS
scores (P = 0.043), but not for the POMA index (P = 0.070).

The Muñoz-Lasa et al.9 study showed a significant im-
provement in balance on the POMA index in the TR interven-
tion group (P < 0.005), whereas the ExpandedDisability Status
Scale51 and Barthel index52 did not significantly change. In the
TR intervention group, a significant reduction in stride time
(P < 0.04) and a significant increase (P < 0.01) in the ground
reaction forces53 was observed after the treatment (except in
the minimum in midstance).

In the Hammer et al.54 study, treatment with TR/HT
seemed to benefit the subjects differently. The BBS and
“Role-Emotional,” a dimension of the Short-Form 36 of Health-
Related Quality of Life,55,56 most often improved.
Stroke
Only one randomized clinical trial assessing the effect of

HTon post-stroke individuals was identified in Beinotti et al.57

The total number of participants in the study was 20, 10 partic-
ipants in the HT intervention group and 10 in the control group.

According to Beinotti et al.,57 the Fugl-Meyer assess-
ment58 showed significant improvement concerning the
symptoms of motor impairment in the lower limbs for all par-
ticipants (P = 0.01) and a significant difference between the
two groups was observed (P = 0.01). When the groups were
separately compared, the intervention group showed signifi-
cant improvement (P = 0.004) but the control group did not im-
prove (P = 1.000) in the last assessment. Regarding the balance
subscale, there was significant improvement in both groups
TABLE 2. Results of meta-analyses

Group Studies Q Value Heterogeneity

BBS (elders) 2 0.51 0.47
BBS (neuromotor disabilities) 2 0.03 0.87
PBS (cerebral palsy) 2 0.23 0.63
GMFM (cerebral palsy) 4 1.11 0.77

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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(P = 0.19). As concerns BBS, the experimental group showed
a greater tendency of improvement than the control group.

Meta Analysis
BBS and PBS

A total of six studies investigating the effects of HT mea-
sured in terms of the BBS and PBS satisfied the meta-analysis
inclusion criteria: two studies were conducted in elderly indi-
viduals, two studies focused on individuals with neuromotor
disabilities, and two studies focused on participants (children)
with CP. The subgroup of participants with neuromotor dis-
abilities included two studies (MS, stroke). A meta-analysis
was performed for each of the three groups of participants.
The PBS is an adapted scale of BBS for children (Tables 1
and 2, Fig. 2)

For the elderly individuals group, no significant heteroge-
neity was observed (Q = 0.51; P = 0.47), so the fixed effect
model was used. The analysis showed a mean difference (im-
provement) of 0.94 points in the BBS score but was not statis-
tically significant (P = 0.06). The estimated 95% confidence
interval for the pooled mean difference is −0.04 to 1.92).

For the participants with neuromotor disabilities, no sig-
nificant heterogeneity was observed, and the Q statistic was
found to be 0.03 (P = 0.87), so the fixed effect modelwas used.
The analysis on participants with neuromotor disabilities
showed that there was improvement, with a mean difference
of 4.69 points on the BBS, but this was not statistical signifi-
cant (P = 0.24). The estimated 95% confidence interval for
the pooled mean difference is −3.11 to −12.48.
P I2 P of Meta-analysis Mean Difference (95% CI)

0.00% 0.06 0.94 (−0.04 to 1.92)
0.00% 0.24 4.69 (−3.11 to 12.48)
0.00% 0.21 3.21 (−1.82 to 8.24)
0.00% 0.37 1.61 (−1.92 to 5.14)
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FIGURE 2. Subgroup synthesis forest plot. Meta-analysis of BBS/PBS.

Stergiou et al. Volume 00, Number 00, Month 2017
For participants with CP, the Q value for heterogeneity
was 1.11 (P = 0.77), so the fixed effects model was used.
The analysis on participants with CP showed that there was im-
provement with a mean difference of 3.21 points on BBS, but
this was not statistically significant (P = 0.21). The estimated
95% confidence interval for the pooled mean difference is
−1.82 to 8.24.
FIGURE 3. Subgroup synthesis forest plot. Meta-analysis of GMFM.

6 www.ajpmr.com
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Gross Motor Function Measure
Reported results from four studies were used to examine

the effect of HT intervention on participants with CP. For par-
ticipants with CP no significant heterogeneity was observed,
the Q statistic was equivalent to 1.11 (P = 0.77) and the I2

was found equal to 0%, indicating that there was no heteroge-
neity between the studies. Therefore, a fixed effect model was
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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used. The results of the data synthesis table (Fig. 3) show that
between the intervention and nonintervention groups, there was
a mean difference (improvement) of 1.61, although this was
not statistically significant and therefore the GMFM 66 score
seems to be roughly equal for the two groups (P = 0.37). The
estimated 95% confidence interval for the pooled mean differ-
ence is −1.92 to 5.14 (Tables 1 and 2, Fig. 3)
DISCUSSION
The literature review conducted for this article revealed

that there are very few studies about TR and HT in the interna-
tional literature. Furthermore, in most studies, the sample size
of the intervention groupwas too small to draw reliable conclu-
sions. From the existing literature, a total of 16 trials were cho-
sen, which fulfilled the requirements of the inclusion criteria of
this review. Of the 16 trials, only 8 included appropriate data
for further comparative meta-analysis. In eight studies, the par-
ticipants were children with CP; in three studies, the partici-
pants were adults with MS; one study included post-stroke
participants; and four studies were about elderly individuals
with multiple health problems. The eight trials included in
the meta-analysis were divided as follows: in four studies, the
participants were children with CP; in one study, the partici-
pants were adults with MS; one study has post-stroke partici-
pants; and two studies were about elderly individuals with
multiple health problems. Although no statistically significant
improvement was observed in the HT and TR intervention
groups, all studies and meta-analysis showed increased scores
concerning the impact of HT and TR. The review shows that
the intervention has positive results even though these may
be of small magnitude. The heterogeneity of the population
studies may require more specific measures for each condition
to optimally detect benefits. Generally, it was observed that TR
and HT have a significantly positive impact on adults with
neuromotor disabilities (including both MS and stroke) and
children with CP, as well as elderly individuals with multiple
health problems and disabilities. More specifically, TR and
HT significantly improve the balance, motor function, posture,
gait, muscle symmetry, pelvic movement, psychosocial param-
eters, and the patients' overall quality of life. The meta-analysis
that included only BBS/PBS did not show statistically signifi-
cant benefits of TR versus other forms of therapy. For the
GMFM, although there are significantly positive impacts of
TR and HT on individual dimensions (A—lying and rolling,
B—sitting, C—crawling and kneeling, D—standing, and E—
walking, running, jumping), it was not possible to conduct a
meta-analysis separately for each dimension, as the results for
these were not given in the individual studies. Thus, the total
score was used in the meta-analysis and these significantly
positive impacts do not reflect in the results as they are
averaged out.

The common therapies that are applied to individuals with
CP are physical therapy, occupational therapy, and speech ther-
apy. Some studies59–61 have shown that there are many other
interventions that could help children with CP regarding motor
function, posture, balance, quality of life, and generally in their
everyday life. Verschuren et al.59 have stated that children with
CP may benefit from improved exercise programs that focus
on lower extremity muscle strength and cardiovascular fitness.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Dewar et al.10 stated that there is moderate evidence to support
the use of treadmill training with no–body weight support,
trunk-targeted training, reactive balance training, and gross
motor task training as interventions for CP. Also, Anttila
et al.,60,61 in their review, refer to the effectiveness of interven-
tions such as comprehensive physical therapy, strength training
programs, upper extremity treatments, sensorimotor training
programs, constraint-induced movement therapy, balance
training, soft tissue treatment, hydrotherapy, and conductive
education in children with CP. In this review, it was observed
that TR helps in the improvement of muscle activity symme-
try,39 sitting balance,31 walking speed, stride length, and pelvic
kinematics (average pelvic anterior tilt, pelvic anterior tilt at
initial contact, pelvic anterior tilt at terminal stance); in GMFM
(dimension E: walking, running, and jumping); in balance34;
and in Skill A (grasping) of Fine Motor Control.40

In elderly individuals, exercise interventions were associ-
ated with a small to moderate reduction in fear of falling imme-
diately after intervention.62 According to Schoene et al.,63 step
training improves step velocity (reaction time, movement
time), step accuracy, and static and dynamic balance measures;
balance board training can improve performance in balance
batteries (e.g., BBS and POMA) between baseline and reas-
sessment; balance board and aerobic training in combination
improved static and dynamic balance andmobility; and aerobic
programs should improve balance and mobility in older peo-
ple. Howe et al.64 also mention that there is weak evidence that
some types of exercise (gait, balance, coordination and func-
tional tasks; strengthening exercise; 3D exercise and multiple
exercise types) are moderately effective, immediately after in-
tervention, in improving clinical balance outcomes in older
people. According to this review, HT in elderly individuals
showed improvements in balance and muscle strength of
lower limbs.

The exercise therapy such as resistance training, endur-
ance training, and water Ai-Chi can potentially reduce depres-
sive symptoms in individuals with MS.65 Also, significant
effects on reducing the impact or severity of patient-reported
fatigue are the aquatic exercise, resistance training, and vestib-
ular rehabilitation.66 The evidence of efficacy of yoga on MS
remains unclear, according to Cramer et al.67 In this review, it
was noticed that TR improves balance,9,49,68 reduces the stride
time, and ground reaction forces.9

Cardiorespiratory training helps individuals after a stroke
to improve their mobility and balance. There is sufficient evi-
dence to incorporate cardiorespiratory and mixed training, in-
volving walking, within post-stroke rehabilitation programs,
to improve the speed and tolerance of walking.69 Moderate-
quality evidence-based studies have showed a beneficial effect
of constraint-induced movement therapy, mental practice, mir-
ror therapy, interventions for sensory impairment, virtual real-
ity, and a relatively high dose of repetitive task practice. Also, it
has been indicated that unilateral arm training may be more ef-
fective than bilateral arm training.70 In this review, only one
RCT57 studying TR in stroke participants was found that ob-
served significant improvements in motor impairment regard-
ing the lower limbs and balance.

Overall, although the literature reports the positive im-
pacts of TR programs on participants with neuromotor, devel-
opmental, and physical disabilities, there is a need to quantify
www.ajpmr.com 7
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the efficacy of such programs on the daily activity and partici-
pation level of such individuals, as well as the increase in their
self-competence and quality of life. This meta-analysis includ-
ing only specific balance (BBS/PBS) and gross motor function
(GMFM) measures did not show significant differences be-
tween people with an impairment receiving TR or HT and
those who did not. Equine-assisted activities and therapies po-
tentially provide advantage for cognitive, emotional and social
well-being; individuals who participate have the opportunity to
simultaneously experience, benefit and enjoy the outdoors,
which might not otherwise be readily available. TR and HT
are likely viable intervention options for participants with im-
pairments in balance, gross and fine motor function, gait, spas-
ticity and coordination.

STUDY LIMITATIONS
The limitations of this study were (1) that there are few

clinical trials with control group, (2) more quantitative study
results are needed to assess the outcome of the intervention,
and (3) it is necessary to provide more details and demonstrate
all the results in the publications; for example, for the GMFM,
although there are significantly positive impacts of TR and HT
on individual dimensions (A–E), it was not possible to conduct
a meta-analysis separately for each dimension as the results for
these were not given in each of the individual studies. As a re-
sult, in this review article, only the total score was used in the
meta-analysis, which cannot reflect the significant positive re-
sults in the individual dimensions because these are averaged
out. Finally, it would be useful for the various studies con-
ducted in this field to define commonmeasurements that could
then be used in a meta-analysis.

CONCLUSIONS
There is a lack of published articles assessing the effects

of TR and HT intervention programs on participants with
neuromotor, developmental, and physical disabilities. Al-
though TR and HT are used for neuromotor, developmental,
and physical disabilities, the overall effectiveness of TR for
many of the indications is unclear and more research has been
recommended. It will be useful in future studies to give the re-
sults of all dimensions (A, B, C, D, and E) of the GMFM to
make it possible to conduct a separate meta-analysis for each
of these, in addition to the total score that was assessed in
this study.

Overall, programs such as TR and HT and generally the
use of the horse as a therapeutic tool are clearly a viable inter-
vention option for participants with impairments in balance,
gross and fine motor function, gait, spasticity, and coordina-
tion. Also, TR and HT provide cognitive, emotional, and social
well-being, and individuals who attend such a therapy program
have the opportunity to simultaneously experience, benefit,
and enjoy the activity outdoors.
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