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There is a lack of current research to support the efficacy of a combination of

equine-assisted activities (EAA) and brain building activities to influence motor skill

competencies in youth with neurodevelopmental disorders (ND). The primary objective of

this study was to quantify changes in motor skill proficiency before and after 8 weeks of

EAA and brain-building activities in youth with ND. A secondary objective was to quantify

changes in motor skill proficiency before and after 1 year of EAA and brain-building

activities in youth with ND. Twenty-five youth completed the same 32-week protocol that

was separated into 4, 8-week blocks, in the following order: (1) control; (2) EAA-only; (3)

washout; (4) GaitWay block (EAA and brain building activities). Before and after each

block, motor skills were assessed using the Short Form of the Bruininks-Oseretsky

Test of Motor Proficiency-Version 2 (BOT-2). Seven youth continued with the GaitWay

intervention for one additional year, and the BOT-2 Short Form was also administered

following this intervention. A repeated-measures analysis-of-variance was performed to

compare BOT-2 subtest and overall scores between interventions with a significance

of 0.05. Manual dexterity was higher at Post-Washout [3.3 (2.4)] vs. Pre-Control [2.2

(2.1); p = 0.018] and Post-Control [2.6 (2.0); p = 0.024], and at Post-GaitWay vs.

Pre-Control [3.2 (2.4) vs. 2.2 (2.1); p = 0.037]. Upper-limb coordination was higher at

Post-GaitWay vs. Post-Control [6.0 (4.1) vs. 3.9 (3.8); p = 0.050]. When compared to

Pre-Control [3.2 (3.0)], strength was higher at Post-EAA [4.9 (3.5); p = 0.028] and at

Post-GaitWay [5.2 (2.9); p = 0.015]. Overall scores were higher at Post-GaitWay [39.1

(22.2)] when compared to Pre-Control [32.4 (21.6); p = 0.003] and Post-Control [32.5

(21.9); p = 0.009]. Additionally, motor skills were maintained for 1 year following the

Post-GaitWay testing session among seven participants. This is the first known study to

include and demonstrate the short-term and long-term effects of a combination of EAA

and brain building activities with motor proficiency in youth with ND.

Clinical Trial Registration: Motor Skill Proficiency After Equine-Assisted Activities and

Brain-building Tasks; www.ClinicalTrials.gov, identifier: NCT04158960.

Keywords: adolescents, children, equine-assisted activities, motor proficiency, neurodevelopmental, plasticity,
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INTRODUCTION

Neurodevelopmental disorders (ND) are conditions
characterized by developmental deficits and impairments
in language and speech, cognition, behavior, and motor skills
(1). Associated with the dysfunction of the brain and central
nervous system, children and adolescents (youth) with ND
typically exhibit impairments related to personal, social, and
academic performance and functioning (2). According to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-
5), examples of ND include attention deficit hyperactivity
disorder (ADHD), autism spectrum disorder (ASD), intellectual
developmental disorder (IDD), global developmental delays,
disorders associated with communication and speech, learning
disorders (LD), and mood disorders (2). In many cases, there
are several co-diagnoses related to abnormal neurodevelopment

for a particular youth (2). In the United States, ∼1 in 6 children
have some developmental disability (i.e., LD, ADHD, ASD, other

developmental delays) (3). For youth referred to mental health

services, prevalence rates of ND can be as high as 55.5%, with the
majority of diagnoses occurring with boys (4).

The increasing incidence of ND with other co-diagnoses,
particularly metabolic diseases such as obesity, is a significant
public health issue (5, 6). Children with ASD are ∼1.5 times
more likely to be overweight or obese compared to their typically
developing peers (7). Prevalence rates of children with ADHD
and obesity can range between 20 and 50%, depending on the
population and location (8, 9). Among children ages 11–17 years,
ADHD is twice as common among those who are overweight
or obese when compared to children who are normal weight
(10). Obesity and its causal environmental factors are likely to
track into adulthood as well, depending on the age of onset,
obesity severity, and whether parents are obese (11, 12). A two-
fold increase in obesity rates exist among adults with ADHDwho
were obese in childhood compared to those without ADHD (13).

One environmental factor that can have a substantial impact
on obesity, and overall health, is sedentary behavior. It has
recently been reported that children spend ∼7.7 h per day being
sedentary (14). Indeed, low levels of physical activity and high
levels of sedentariness are associated with an increased risk of
obesity and cardiometabolic disease, and decreased cognitive
processing and psychosocial well-being in youth (15–17). This
is particularly significant for those with ND, as adolescents with
ND are more likely to be sedentary and less likely to exercise
or participate in organized sports when compared to their age-
matched peers without ND (18).

Physical activity is an effective, cost-efficient method to
combat sedentary behaviors, obesity, and psychosocial health in
those with ND. An inverse relationship exists between amounts
of physical activity and body weight and adiposity in youth
ages 3–17 years (6). Regular exercise can also improve cognitive
function in children and adolescents ages 6–13 years (6). One
factor that could affect regular physical activity habits and
programming, including exercise mode, frequency, intensity,
and duration, is motor function. Participation in physical
activity is correlated with the ability to efficiently perform
motor skills (19). Positive relationships exist between motor skill

competency, likelihood to engage in physical activity, and health-
related fitness (20, 21). Organized physical activity programs
that incorporate group leaders and other peers can mitigate
setbacks in development and improve motor and non-motor
skills in those with ND (22). Examples of these programs
include tennis, martial arts, football, and horseback riding (23).
Specifically, equine-assisted activities and therapies (EAAT),
which were established and are currently regulated by the
Professional Association of Therapeutic Horsemanship (PATH),
have gained recent attention as an effective alternative modality
to improve motor skills and gross motor function in youth with
disabilities (24).

Equine-assisted activities (EAA), or therapeutic horseback
riding, involves the teaching of specific riding skills (e.g.,
mounting and dismounting, guiding the horse) by non-
licensed professionals to improve learning in persons with
various disorders and disabilities (24). This programming differs
from the rehabilitation-focused form of EAAT, equine-assisted
therapies (EAT). Traditionally called hippotherapy, licensed
physical, occupational, or speech therapists use the movement
of the horse to improve the functional and psychosocial health
of the participant during EAT sessions (24). With both EAA
and EAT, the three-dimensional, rhythmic movements of the
horse force the rider to adjust to these movements and activate
musculature in the lower torso and pelvis (25). By generating
movements at the rider’s pelvis that resemble those essential for
ambulation, improvements in gross motor function can occur
(26, 27). There is evidence of improvements in motor skills
following EAAT interventions in youth with ND. Strength and
balance improved after 10 weeks of hippotherapy in adolescents
with IDD (28). In children with ADHD, manual dexterity and
bilateral coordination improved after 12 weeks of EAAT (29).
Twelve weeks of hippotherapy elicited improvements in postural
sway and balance in children with ASD (30). Gross motor
function, as measured by the gross motor function measure
(GMFM), was improved after 8 weeks of EAAT in youth with
psychomotor impairments [e.g., developmental delays (31)].

Equine-assisted activities are typically conducted at PATH-
accredited therapeutic riding centers. Many of these centers
across the United States are beginning to adopt a program that
combines EAA with brain-building activities (i.e., tasks that
are used to improve the brain’s ability to process information
that comes into the body along the primary sensory pathways,
including auditory, visual, and vestibular pathways) to enhance
motor proficiency in youth with ND. One such center to
adopt this approach is ManeGait Therapeutic Horsemanship
(McKinney, TX). Termed “The GaitWay to the Brain” program,
participants undergo EAA along with a number of brain-building
activities completed off of the horse, both on-site at ManeGait
Therapeutic Horsemanship. This approach differs from the more
traditional therapeuticmodel of teaching, or re-teaching toward a
goal, that is practiced over time and with support. The goal in the
GaitWay program is not teaching or re-teaching a selected daily
activity (e.g., building vocabulary, dressing self, managing stairs,
handwriting, or math problems), as in traditional therapies, but
in completing the tasks consistently and as directed. When these
activities are performed consistently over time, the participant’s
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brain may be able to process sensory information more readily.
The brain may also be able to integrate this sensory information
more accurately and with less effort, improving the brain-body’s
ability to attain and sustain attention that supports learning and
function (32).

As prevalence rates of ND continue to increase, the need to
address the associated motor deficits in youth with ND is critical,
particularly due to the increased risk of other chronic diseases
that can impair health in this population. Alternative modes of
physical activity may be useful tools to mitigate the deficits in
motor development in those withND. To date, there is no current
research to support the efficacy of a combination of EAA and
brain-building activities to influence motor skill competencies
in youth with ND. The primary purpose of this study was to
quantify changes in motor skill proficiency before and after 8
weeks of EAA and brain-building activities in youth with ND
(primary analyses). A secondary purpose was to quantify changes
in motor skill proficiency before and after 1 year of EAA and
brain-building activities with a subset of youth with ND who
participated in the primary analyses (follow-up analyses). Our
hypotheses were: (1) 8 weeks of a combination of EAA and brain-
building activities would increase motor skill proficiency in a
greater manner when compared to performing 8 weeks of EAA
alone; (2) motor proficiency would be increased following 1 year
of both EAA and brain-building activities compared to baseline
(which served as the end of the primary analyses and the start of
the follow-up analyses).

MATERIALS AND METHODS

Primary Analyses
Participants
Thirty-one children and adolescents, ages 5–16 years, diagnosed
with some neurodevelopmental disorder as a primary diagnosis,
were initially recruited from a waitlist through ManeGait
Therapeutic Horsemanship. All participant diagnoses were made
by a physician, psychiatrist, or psychologist prior to study
enrollment. We received confirmation of these diagnoses at
the time of the participant’s screening. Twenty-five youth (13
males, 12 females) completed all procedures. A reason for
not completing the study included a perfect score on the
motor proficiency test conducted during the first testing session.
Other reasons included a fearfulness of horses and scheduling
conflicts, both of which affected regular attendance at testing and
intervention sessions and overall compliance. The diagnoses and
associated prevalence of all participants can be found in Table 1.
The most commonly reported diagnoses were ADHD and ASD.
Many of the participants had several co-diagnoses.

Characteristics of the final 25 participants can be found in
Table 2. On average, the body mass index of the participants is
classified as “healthy weight” according to data available from the
Centers for Disease Control (33).

Additionally, we screened the youth to include those who:
(1) had the ability to follow verbal directions; (2) did not have
a perfect score on the motor proficiency test at the first testing
session; (3) were without seizures within the past 6 months
controlled by medication; (4) without a known allergy to horses;

TABLE 1 | Participant diagnoses and prevalence.

Diagnosis Diagnosis

Attention deficit

Hyperactivity disorder (n = 9)

Pervasive developmental disorder –

Not otherwise specified (n = 1)

Autism spectrum disorder (n = 9) Dyslexia (n = 1)

Intellectual developmental disorder (n = 6) General anxiety disorder (n = 1)

Sensory processing disorder (n = 5) Mood disorder (n = 1)

Global developmental delay (n = 5) Oppositional defiance disorder (n = 1)

Speech impairment (n = 3) Williams syndrome (n = 1)

Hypotonia (n = 2) Gross motor delay (n = 1)

Audio processing disorder (n = 2) Reactive attachment disorder (n = 1)

TABLE 2 | Participant characteristics (primary analyses).

Variable Mean (SD) Min Max

Age (years) 9.7 (2.6) 5.0 16.0

Height (cm) 136.2 (15.2) 106.7 165.1

Weight (kg) 34.1 (11.3) 19.1 58.1

BMI (kg/m2) 18.2 (5.0) 11.3 33.7

Descriptive statistics of 25 youth (13 males, 12 females) with neurodevelopmental

disorders. BMI, body mass index.

(5) free from any surgical procedures performed within the 6
months; (6) were without regular horseback riding experience of
any kind during the past year. All participants were cleared by a
medical professional to participate in the study. All youth (and
their caregivers) signed a university-approved written informed
consent, in accordance with the Declaration of Helsinki, and a
photo/video release form before the study began. This study was
carried out in accordance with the recommendations of, and was
approved by, the first author’s Institutional Review Board. The
attending veterinarian for the first author’s institution reviewed
the methodology for this study and made the determination that
a formal proposal to the university’s Institutional Animal Care
and Use Committee was not needed. The equines in this study
were well-trained for, and experienced in, EAA. Also, the equines
in this study were provided with routine veterinary medical care
and were limited in the number of EAA sessions performed
daily. No research was conducted directly with the equines in the
current study (including no medical or experimental procedures
and no euthanasia), and the equines were used in accordance
with the usual policies, procedures, and practices of ManeGait
Therapeutic Horsemanship.

Experimental Procedure Overview
The experimental protocol included an entry session and five
testing sessions, each separated by an 8-week time period. All
testing was conducted by the same trained personnel. All youth
participated in EAA and the GaitWay program at ManeGait
Therapeutic Horsemanship. During the riding sessions, each
participant was assigned to a single horse leader and certified
riding instructor, with additional horse handlers and side walkers.
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FIGURE 1 | Study timeline.

During the GaitWay sessions, each participant was assigned to
the same licensed speech therapist.

The participants were instructed to maintain their current
course of medications and any additional, outside therapies. The
participants were also asked to not begin any new therapeutic
intervention (e.g., medication, physical therapy) during the
study. The caregivers were also asked to inform the researchers
of any major changes in diet, sleep, or daily stressors. Although
there were occasional questions from caregivers regarding
switching medications or starting a new experimental therapy, all
participants and their caregivers complied with study parameters.

The protocol consisted of 4, 8-week time blocks (see Figure 1).
The first 8-week block was a control period, in which the
participants were not required to visit ManeGait. However,
participants were asked not to engage in horseback riding of
any kind (e.g., recreational, therapeutic). In the second 8-week
block, the youth performed EAA only at ManeGait, and did not
participate in the GaitWay program. The third 8-week block was
a washout period and replicated the first 8-week control block
with participant requirements. In the fourth and final 8-week
block, the youth participated in the GaitWay sessions. In these
sessions, the brain-building activities followed horseback riding
during the same visit. During blocks 2 and 4, all participants
attendedManeGait once per week. Equine-assisted activities were
administered once per week, with each session lasting 45–60min.
The GaitWay sessions were administered face-to-face once per
week and each session was 90min in duration.

Testing Sessions
A total of five testing sessions occurred (see Figure 1). Each
testing session was held as follows: (1) before block 1 (Pre-
Control); (2) after block 1 (Post-Control); (3) after block 2 (Post-
EAA); (4) after block 3 (Post-Washout); (5) after block 4 (Post-
GaitWay). There was no additional time scheduled between
blocks. Therefore, for the middle three testing sessions, each
session occurred at the end of a block and the start of the
subsequent block (e.g., the Post-Control testing session occurred
at the end of the control block and the start of the EAA-only
block). Each testing session occurred within 48 h after the end
of the last session in a block, with the exception of the first testing
session, which was held no more than 48 h before the start of
the first block. The blocks were not randomized due to necessary
scheduling of sessions at ManeGait Therapeutic Horsemanship.
Thus, each participant followed the same order of interventions
and testing sessions.

At the start of each testing session, verbal assent was obtained
from the participants before the day’s procedures. The caregivers
were reminded that all testing was filmed using a video camera (to
verify scoring for each tester). Prior to the start of data collection,
extra personnel and any item that could be removed from the
room that was deemed to be a distraction (e.g., various pieces of
equipment, toys) was placed in another location, out of the vision
of the participant. The participants motor skill proficiency was
then assessed using the Short Form of the Bruininks-Oseretsky
Test of Motor Proficiency-Version 2 (BOT-2). Derived from
the BOT-2 Complete Form, this shorter testing battery was
designed to assess motor skill competence for those 4–21 years
old withmild to severemotor problems, and contains 14 activities
within the following subtests: (1) fine motor precision (drawing
a line through a path, folding paper); (2) fine motor integration
(copying shapes); (3) manual dexterity (transferring pennies);
(4) bilateral coordination (tapping feet and fingers, jumping in
place with unilateral synchronization); (5) balance (walking on
a line, standing on one leg on a balance beam); (6) running
speed and agility (one-legged stationary hop); (7) upper-limb
coordination (dropping and catching ball, dribbling a ball with
alternate hands); (8) strength (knee push-ups, sit-ups) (34, 35). A
total score was calculated from the sum of all subtests.

A score for each subtest was determined from the performance
of the tasks within each category. A total score was then
calculated based on the sum of scores from all subtests. A high
correlation (r = 0.80) exists between the BOT-2 Short Form and
the BOT-2 Complete Form, indicating strong content validity
(34, 35). In middle-age school youth (the primary age group
recruited for this study), results of the BOT-2 Short Form are
not different from the BOT-2 Complete Form and is a useful tool
to assess motor competencies in youth with motor delays (36).
Indeed, when using the BOT-2 Short Form with knee-pushups
(vs. full push-ups) in the Strength subtest, a very high inter-rater
reliability of r = 0.98 and a test–retest reliability of r ≥ 0.80 exists
(34, 35). There is also reasonable proof of convergent validity
with Körperkoordinationstest für Kinder (KTK), a validated test
used to assess motor proficiency in children and adolescents
with moderate to severe motor skill deficiencies (37). Total
time administration for each testing session was 25–35min for
each participant. Each participant was evaluated by the research
personnel for all testing sessions.

At the start of the 3rd (Post-EAA) and last (Post-GaitWay)
testing session, caregivers of each participant were asked to
verbally report any changes observed with their child or
adolescent over the previous 8 weeks. These anecdotal reports
provided valuable insight into the perceived effects, including
those outside the scope of the motor proficiency assessment, of
the interventions. These reports were transcribed by hand and
recorded. All statements remained confidential.

Equine-Assisted Activity Intervention
Equine-assisted activities were performed alone in the second
8-week block and with brain-building activities as part of the
GaitWay program in the last 8-week block. At the start of each
EAA session, the caregivers and participants were familiarized
with the EAA session procedures. An effort was made to keep
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the horse, saddle, and activities performed on top of the horse
consistent between sessions for a particular youth participant.
Some horses were chosen compared to others due to their
gait patterns (e.g., choppy vs. smooth gait), with their gait
correlating to the level of disability for each participant. Different
saddles were also used (e.g., Dressage saddle, Western saddle) for
varying levels of stability. ManeGait Therapeutic Horsemanship
is accredited by the Professional Association of Therapeutic
Horsemanship International as a premier center. All sessions
were conducted under the direction and supervision of certified
therapeutic riding instructors.

Participants gave verbal assent at the start of each EAA session.
Because each participant differed in functional abilities, a specific
protocol was created for each youth. However, there were some
common activities performed across sessions for all participants.
Before riding began, warm-up activities were performed, which
included gross body movements (e.g., arm circles, body-weight
squats). Several participants would then practice mounting and
dismounting on a stationary barrel before attempting the same
process on their actual horse. Once warm-up activities were
completed, participants would (independently) choose a helmet
to wear and affix it to their head. Tack, or additional equipment
used during the EAA session (e.g., reins, harnesses, bits, stirrups),
was then gathered by the youth and taken to the arena. In each
session, but particularly emphasized in the first few sessions,
participants were taught: (1) the anatomical parts of the horse,
including the head, mane, and tail; (2) how to ride, mount,
and dismount; (3) where to touch the horse when mounted
or dismounted; (4) the names and function of tack equipment.
A point of emphasis given by the instructors and volunteers
present to the youth was to trust the horse and all helpers, in
order to have the EAA sessions be completed without numerous
interruptions. The participant would then attempt to mount the
horse while standing on a nearby ramp. Some participants needed
assistance, but a goal for most of the participants was to execute
the mounting process without assistance.

Once on the horse, the instructors would emphasize a
proper sequencing of events in order for the youth to initiate
and maintain horse movement. This included only moving
the horse when certain words were spoken, focusing on heel
position, awareness of hand position on the saddle, keeping
the head straight and looking forward while maintaining eye
contact with the leader, and managing varying postural changes.
Participants were reminded to sit upright, particularly while the
horse was trotting, but were also instructed to assume other
postures, including a two-point stance (i.e., forward leaning) and
posting (i.e., rising out of the saddle every other stride during
a trot). A trotting cadence was initiated by the participants
using their legs and word commands. While trotting, the youth
were instructed to steer the horse through a variety of cone
patterns, which included some turning. Other activities including
guiding the horse through a Figure-8 pattern and on a trail
ride. While the horse was in motion, some additional activities,
including functional reach exercises, were performed by the
participants. Constant feedback was requested by the instructor
and volunteers once the youth mounted the horse. Although
it varied for each participant, some of the common feedback

modes were answers to verbal questions and commands, making
eye contact with the instructor, and using high-fives when
accomplishing a task. Once the riding was completed, the
participant was instructed to dismount the horse and replace the
helmet and tack in a nearby room.

GaitWay to the Brain Intervention
The GaitWay intervention included EAA and brain-building
activities. Similar to the procedures associated with EAA, verbal
assent was given by all participants prior to the execution of
any brain-building activities. These activities completed during
the GaitWay sessions were held in a structure on the grounds
of ManeGait, called the GaitHouse. The GaitHouse is several
rooms in a remodeled mobile home. Once in the GaitHouse,
the speech therapist moved the rider through a variety of
sensory stations and multiple activities. The riders were seen
individually if possible. If scheduling required two participants
simultaneously (which was the maximum number that could be
scheduled in the GaitHouse), the speech therapist would work
with one participant, while a trained staff worked with the other
participant following the protocol designed by the therapist.
The close proximity of the therapist and staff member in the
GaitHouse allowed for the therapist to observe and intercede if
necessary. The schedule of youth during the GaitWay sessions
was maintained throughout the study, whether participants were
seen individually or with another participant simultaneously.
Similar to the EAA sessions, a specific protocol was created for
each youth.

The youth were first assessed by a licensed speech therapist
to determine the sensory input channels in which they were
struggling, as well as their ability to integrate this sensory
information among the various sensory pathways. Then tools and
activities were selected to follow in the GaitHouse and for use at
home for carryover training. The participant and caregivers were
educated regarding the assessment findings, and then educated
on how to use the tools and how to complete the activities
daily at home. The therapist requested that participants complete
home activities daily. If this was not possible, participants were
instructed to complete the home activities a minimum of 2 to 3
times per week.

Visual-vestibular integration was targeted using either one or
more of the following: (1) an “astronaut board”; (2) a platform
swing; (3) a lycra swing; (4) a barber chair that allowed for the
rider to spin in a supine position. After this activation, deep
touch was applied to the participant to organize the brain-body.
Having the youth follow a visual target across the visual midline,
and then converging and diverging on the object, completed
the activity. Modulated music (i.e., music that has been filtered
by frequencies) and music using binaural beats (for calming
and organizing the brain-body connection) was also provided
via headphones placed on the participant. This equipment was
used first in the GaitHouse during the assessment for music
selection, and then taken home for listening in one to two 30-min
daily sessions. Other activities included several selected activities
from Brain Gym, including the Double Doodle (i.e., a bilateral
drawing exercise) and P.A.C.E. (i.e., a 4-step routine of brain-
body movements designed to move the participant into a “ready”
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TABLE 3 | Participant characteristics (follow-up analyses).

Variable Mean (SD) Min Max

Age (years) 11.5 (2.8) 6.0 15.0

Height (cm) 139.1 (16.0) 116.8 157.5

Weight (kg) 40.0 (12.7) 20.9 54.4

BMI (kg/m2 ) 20.7 (6.5) 13.8 33.9

Descriptive statistics of 8 youth (3 males, 5 females) with neurodevelopmental disorders.

BMI, body mass index.

state for learning) (38). Each participant verbalized a positive
statement targeting a self-selected or caregiver selected “goal,”
which was followed by these integrative movements of P.A.C.E.

Statistical Analyses
All participants attempted all testing sessions. Although some
participants scored a “zero” on the BOT-2 Short Form in some
testing sessions, these scores were included in the analysis. The
independent variable was intervention. The dependent variables
included scores on each subtest of the BOT-2 Short Form
and an overall score. Multiple repeated-measures analysis of
variance (ANOVAs) were performed to compare BOT-2 Short
Form scores between time points. Bonferroni post-hoc tests
were used to follow-up significant differences in scores. Effect
sizes (eta squared) were also calculated for all variables. Results
were analyzed using SPSS v.24 (IBM Inc., Armonk, NY) with
a significance level of 0.05. A correction for the p-values was
not implemented for the multiple tests that were conducted.
This is noted in the limitations section of the Discussion. An a
priori power analysis was also performed using G∗Power 3.1.9
(Düsseldorf, Germany). Using a moderate effect size of 0.25 and
a power of 0.80, a sample size of 21 was required.

Follow-Up Analyses
Seven children and adolescents, ages 6–15 years, diagnosed with
some neurodevelopmental disorder as a primary diagnosis, were
initially recruited from the primary analyses to continue to
participate in the GaitWay program at ManeGait Therapeutic
Horsemanship for one additional year. All participants (2 males,
5 females) completed all intervention procedures. Common
diagnoses among these participants were ADHD and ASD
(n = 3 each). Most of the participants possessed several co-
diagnoses, as other diagnoses included IDD, sensory processing
disorder, mood disorder, dyslexia, audio processing disorder,
oppositional defiance disorder, general anxiety disorder, and
pervasive developmental disorder-not otherwise specified (n= 1
each). Characteristics of the seven participants can be found
in Table 3. Because the youth were participants in the primary
analyses, similar inclusion criteria were met for the follow-up
analyses. All participants were cleared by a medical professional
to participate in the study. All youth (and their caregivers)
signed a university-approved written informed consent and a
photo/video release form before the analyses began.

The experimental protocol included one additional testing
session which followed a 1-year intervention (GaitWay). During

the EAA sessions, each participant was assigned to a single
horse leader and certified riding instructor, with additional horse
handlers and side walkers. During the GaitWay sessions, each
participant was assigned to the same licensed speech therapist.
Similar to the primary analyses, the participants were instructed
to maintain their current course of medications and any
additional, outside therapies. No new therapeutic intervention
(e.g., medication, physical therapy) was begun during the study.
Similar procedures were followed during the EAA and brain-
building activity sessions.

With regard to the statistical analyses, the independent
variable was intervention and the dependent variable was
an overall score on the BOT-2 Short Form. A repeated-
measures analysis of variance was performed to compare
overall BOT-2 Short Form scores between time points (i.e.,
Post-Washout, Post-GaitWay, and 1-Year). Bonferroni post-
hoc tests were used to follow-up significant differences in
scores. Effect sizes (partial eta squared) were also calculated.
Results were analyzed using SPSS v.24 (IBM Inc., Armonk,
NY) with a significance level of 0.05. With only seven
participants, the BOT-2 Short Form subtests were not compared
with this analyses, as multiple ANOVAs would reduce the
statistical power.

RESULTS

Primary Analyses
Motor skill scores with associated effect sizes can be found
in Table 4. A significant effect for the intervention was found
with manual dexterity [F(2.81,67.38) = 6.996, p < 0.001],
bilateral coordination [F(4,96) = 2.703, p = 0.035], upper-
limb coordination [F(4,96) = 3.326, p = 0.013], and strength
[F(3.07,73.74) = 6.017, p = 0.001]. Post-hoc analyses revealed that
manual dexterity was higher at Post-Washout vs. Pre-Control
(p = 0.018) and Post-Control (p = 0.024), and at Post-GaitWay
vs. Pre-Control (p= 0.037). Upper-limb coordination was higher
Post-GaitWay vs. Post-Control (p = 0.050). When compared to
Pre-Control, strength was higher at Post-EAA (p= 0.028) and at
Post-GaitWay (p = 0.015). No differences between time points
were found with bilateral coordination using post-hoc analyses.
All other subscale scores were not different (p> 0.05). Effect sizes
(using eta squared) for all dependent variables ranged from 0.011
to 0.245.

Overall motor skill scores from the BOT-2 Short Form can be
found in Figure 2. A significant effect for the intervention was
found, F(2.85,68.41) = 7.796, p < 0.001. Scores were higher at Post-
GaitWay when compared to Pre-Control [39.1 (22.2) vs. 32.4
(21.6); p = 0.003] and Post-Control [39.1 (22.2) vs. 32.5 (21.9);
p = 0.009]. No significant differences were found between any
other time points. An effect size of η2

P = 0.245 was calculated for
these time points. Statistically relevant results from the primary
analyses are summarized in Figure 3.

Anecdotal responses from caregivers, given at the start of 3rd
and last testing sessions, are provided in Table 5. Improvements
in balance and posture were the most common responses
following both the EAA-only and GaitWay interventions.
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TABLE 4 | Subtest scores on the BOT-2 Short Form at specific time points.

Subtest Max Pre-C Post-C Post-EAA Post-WO Post-GW η
2
P

Fine motor precision 14 6.1 (4.9)a 6.0 (4.7)a 6.3 (4.8)a 6.2 (4.5)a 6.4 (5.2)a 0.011

Fine motor integration 10 4.4 (3.2)a 4.2 (3.0)a 4.4 (2.9)a 5.0 (3.3)a 4.8 (3.1)a 0.071

Manual dexteritya 9 2.2 (2.1)a 2.6 (2.0)ab 2.9 (2.0)ac 3.3 (2.4)c 3.2 (2.4)bc 0.226

Bilateral coordinationa 7 3.6 (2.9)a 3.8 (2.7)a 4.2 (3.1)a 4.2 (2.9)a 4.7 (2.9)a 0.101

Balance 8 4.0 (3.1)a 3.9 (2.9)a 3.4 (2.8)a 4.1 (2.7)a 4.3 (2.7)a 0.093

Running speed and agility 10 4.1 (3.5)a 4.0 (3.4)a 4.0 (3.2)a 4.1 (3.3)a 4.7 (3.1)a 0.038

Upper-limb coordinationa 12 4.7 (4.4)ab 3.9 (3.8)a 5.2 (4.2)ab 4.7 (4.1)ab 6.0 (4.1)b 0.122

Strength (w/ knee-pushups)a 18 3.2 (3.0)a 4.1 (3.1)ab 4.9 (3.5)b 4.6 (3.2)ab 5.2 (2.9)b 0.200

Mean (SD) reported. Higher scores denote improved performance. Values with the same superscript are not statistically different. aSignificant effect for intervention. BOT-2, Bruininks-

Oseretsky Test of Motor Proficiency-Version 2; Max, maximum possible score; Pre-C, Pre-Control period; Post-C, Post-Control period; Post-EAA, Post-Equine-Assisted Activities period;

Post-WO, Post-Washout period; Post-GW, Post-GaitWay period; η2P, effect size.

FIGURE 2 | Overall scores on the Short Form of the Bruininks-Oseretsky Test

of Motor Proficiency-Version 2 (BOT-2) between time points (n = 25).

*Significantly greater than Pre-C (p < 0.05). Pre-C, Pre-Control time point;

Post-C, Post-Control time point; Post-EAA, Post-Equine-Assisted Activities

time point; Post-WO, Post-Washout time point; Post-OW, Post-GaitWay time

point.

Follow-Up Analyses
Overall motor skill scores from the BOT-2 Short Form for the 1-
year follow up analyses can be found in Figure 4. A significant
main effect for the intervention was found, F(1.18,7.07) = 8.343,
p = 0.021. Scores were higher at Post-GaitWay when compared
to Post-Washout [35.9 (24.9) vs. 30.0 (23.2); p = 0.035]. No
significant differences were found between any other time points.
An effect size of η2

P = 0.582 was calculated for these time points.
Anecdotal responses from caregivers, given at the start

of 1-year follow-up testing session, are provided in Table 6.
Enhanced coping skills and improvements in balance and
posture were the most common responses following the 1-year
GaitWay intervention.

DISCUSSION

The primary purpose of this study was to quantify changes in
motor skill proficiency before and after 8 weeks of EAA and

brain-building activities in youth with ND (primary analyses).
With regard to the subtest scores, differences were observed
with manual dexterity, upper-limb coordination, and strength.
Manual dexterity was higher at Post-washout vs. Pre-Control
and Post-Control, and at Post-GaitWay vs. Pre-Control. Upper-
limb coordination was higher Post-GaitWay vs. Post-Control.
When compared to Pre-Control, strength was higher at Post-
EAA and at Post-GaitWay. When comparing overall scores,
Post-GaitWay scores were higher when compared to scores at
Pre-Control and Post-Control. Anecdotally, improvements in
balance and posture were the most commonly reported changes
in participants following the EAA-only intervention and the
GaitWay intervention. A secondary purpose was to quantify
changes in motor skill proficiency before and after 1 year of EAA
and brain-building activities with a subset of youth with ND who
participated in the primary analyses (follow-up analyses). With
these participants, scores were higher at Post-GaitWay when
compared to Post-Washout, and scores were maintained for one
additional year with a continuation of the GaitWay program
during this period. Anecdotally, caregivers most commonly
reported that enhanced coping skills and improvements in
balance and posture were observed following the 1-year GaitWay
intervention. These results should be helpful to clinicians and
healthcare professionals who implement therapeutic strategies
to improve motor skill proficiency in youth with ND. As the
prevalence and efficacy of these programs increase, there may
be a greater demand for the combination of EAT and brain
building activities to be recognized by health insurance providers.
This may allow for these programs to become more accessible
and affordable.

The inherent nature of EAT may allow for changes in motor
skill proficiency to be observed. The interaction with a horse
appears to physically, socially, and emotionally benefit children
with developmental disabilities. Significant improvements in
self-confidence, appropriate social behavior, and communication
among children with learning and developmental disabilities
have been reported with children participating in EAT (39, 40).
The bond between the rider and horse may play a critical
role with psychosocial health and reducing anxiety and stress.
Indeed, behavioral difficulties, activity limitations, environmental
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FIGURE 3 | Visual representation of changes in motor skills as assessed using the Short Form of the Bruininks-Oseretsky Test of Motor Proficiency-Version 2 (BOT-2)

between time points in the primary analyses (n = 25). *Significantly greater than Pre-C (p < 0.05); ‡significantly greater than Post-C (p < 0.05). Pre-C, Pre-Control time

point; Post-C, Post-Control time point; Post-EAA, Post-Equine-Assisted Activities time point; Post-WO, Post-Washout time point; Post-GW, Post-GaitWay time point.

obstacles, and personal factors (e.g., attitude, willingness to
participate) affect a child’s ability to engage in everyday activities
(41). With activity that can improve mental health by improving
self-concept, social participation, and communication, children
will more likely remain, and continue to, engage in that
activity (42). The repeated bouts of activity will only further
the physical and mental health of those who participate in the
intervention (42).

During EAT, the horse’s foot fall and muscular movement
causes a rhythmic three-dimensional movement of the rider’s
pelvis and necessitates that the rider engage their musculature
to maintain the body’s equilibrium (43). Thus, the rider’s pelvis
motions while horseback riding at a walking pace are similar to
those exhibited while walking on a level surface in children (27).
As such, these motions serve as atypical activators of skeletal
muscle and may, in turn, elicit increases in muscle strength of
the rider, particularly at the abdomen, lower back, pelvis, and
legs (44). Increasing the strength of skeletal muscles in these
areas of the body is crucial to improve abnormal balance and
gait dysfunction (45). As balance and gait are needed to properly
execute many gross motor skills, the ability for the participant
to properly sequence and organize physical tasks, including
those for balance, gait and strength, is optimized when EAT is
combined with the brain-building activities that are performed
consistently and as directed throughout the GaitWay program.
Reduced muscle strength is a feature of several forms of ND,
including ASD (46), IDD (47), and ADHD (48). An increase in
muscle weakness is one of many characteristics associated with
obesity (49).

In the current study, the average age and BMI measurements
for those participants in the primary analyses place the BMI-for-
age at the 75th percentile and therefore at a “healthy weight”
(33). Five of the 25 participants in this study were classified
as overweight or obese (i.e., greater than the 85th percentile)
(33), which aligns with reported prevalence rates of overweight
and obesity in youth populations with ADHD (9) and ASD
(50). The overweight or obese state may have negatively affected
performance in gross motor skills, particularly with strength (as
evidenced by 5 or less sit-ups performed in 30 s at any time point),
in these youth.

The BOT-2 Short Form was used to quantify motor skill
proficiency in this study. This assessment has been used to
investigate the effects of EAAT with motor competencies in
various populations. Ten weeks of EAT, performed once per week
(30min per session), increased total scores by 20.7% in youth
with cerebral palsy (CP) (51). Although CP is a neuromuscular
disorder, more than 30% of individuals with CP also have IDD
(52) and commonly have other associated conditions, including
cognitive and behavioral issues, oral motor dysfunction, and
sensory and perception impairments (49). Ten weeks of EAA
(performed once per week for 45min per session) also increased
total scores by 7.1–17.4% in youth with ASD, depending on the
study (39, 53). In the current study, the EAA and GaitWay 8-
week interventions elicited an 8.7 and 8.3% increase inmotor skill
proficiency, respectively. A 12.4% improvement in motor skills
were recorded following the 1-year GaitWay intervention. These
results appear to complement the results from other studies that
include a similar population, intervention, and assessment. It is
interesting that larger increases in motor skill scores are observed
with those diagnosed with a non-progressive neuromuscular
disease (e.g., CP), so these individuals appear to greatly benefit
from EAA and similar interventions. However, if participants
exhibit one or more forms of ND, a high variability in total scores
are often reported [e.g., (39, 51, 53)]. Large variability in scores
was also observed in the present study.

It is well-known that youth with ND inherently experience
a delay in motor skills (2). Any improvements gained in
motor skills following an intervention could also be delayed.
Alternatively, a therapeutic intervention may elicit latent effects
with regards to motor skill improvements in youth with ND.
For example, Pan et al. found that after a multi-week therapeutic
intervention, children with ASD may continue to experience
an increasing trend of improvements with select motor skills
measured via the BOT-2 (54). In the present study, although
not statistically significant, there was a 2.1% improvement in
total scores during the washout block (which followed the EAA-
only intervention), and a 0.5% increase during the initial control
block. The observed improvement following the washout block
may be partially due to the carryover benefits in motor skills
obtained by the participants during the EAA-only intervention.
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TABLE 5 | Anecdotal responses from caregivers of participants following the

EAA-only intervention and the GaitWay intervention.

At Post-EAA

Improved balance/posture (n = 11) More calm demeanor (n = 1)

Improved core strength (n = 3) Reduced behavioral outbursts at

school (n = 1)

At Post-GW

Improved balance/posture (n = 14) Improved eye tracking (n = 1)

Improved verbal, written compliance

(n = 9)

Better understanding of complex

directions (n = 1)

More regulated/calm (n = 9) Improved abstract thinking (n = 1)

Improved limb coordination (n = 8) Shift to more concrete objects in

drawings (n = 1)

Improved overall academic performance

(n = 7)

Improved multi-tasking (n = 1)

Improvement in vision/focus (n = 7) More independent (n = 1)

Increased desire to initiate verbal

conversations (n = 7)

Less interaction with an imaginary

friend (n = 1)

Increased confidence (n = 6) More time spent engaging with friends

(n = 1)

Improved core strength (n = 5) No incidence of seizures with a

previous history (n = 1)

Started reading or enhanced reading

skills (n = 5)

Taking more accountability for actions

(n = 1)

More affectionate and empathetic (n = 5) Improved stamina while riding (n = 1)

Improved handwriting (n = 4) Increased desire to participate in

sports (n = 1)

Improved memory (n = 4) Improved eating habits (n = 1)

Improved sleep (n = 3) Improved relationship with siblings

(n = 1)

Improved ability to spell and organize

sentences (n = 2)

Improved toilet training (n = 1)

Each response denotes number of participants (n). EAA, equine-assisted activities;

Post-EAA, Post-Equine-Assisted Activities time point; Post-GW, Post-GaitWay time point.

Some of the common anecdotal responses from caregivers
in this study were similar to those reported in other studies.
In youth with ASD, a multi-week EAA intervention can lead
to positive changes in mood (55), an improved ability to
learn (56), and a more calming behavior, enhanced focus
and improved communication (53). In the present study,
physiological changes were observed mostly after the EAA-
only intervention, with minimal reporting of behavioral changes
(see Table 5). However, the GaitWay intervention greatly
increased the number of anecdotally-reported physiological
and psychosocial improvements, including those observed at
home and in a school setting. After 1 year of participating in
the GaitWay program, most participants experienced physical,
behavioral, and academic improvements (see Table 6). Indeed,
long term (i.e., 6 months) of EAA alone can elicit significant
improvements in social and communication behaviors, with
enhanced language skills (57). There was a noticeably large
range of improvements reported after the GaitWay interventions,
rather than a very high number reported with respect to one
improvement, possibly due to the variability in the participants.

FIGURE 4 | Overall scores on the Short Form of the Bruininks-Oseretsky Test

of Motor Proficiency-Version 2 (BOT-2) between time points (n = 7).
†
Significantly greater than Post-WO (p = 0.035). Post-WO, Post-Washout

time point; Post-GW, Post-GaitWay time point; 1 Year, 1 year time point

following the Post-GaitWay time point.

TABLE 6 | Anecdotal responses from caregivers of participants following the

1-year GaitWay intervention.

Improved balance/posture (n = 5) Improved memory (n = 1)

Enhanced coping skills (n = 5) Improved focus (n = 1)

Improved overall academic performance

(n = 5)

Improved hand/eye coordination

(n = 1)

Increased confidence (n = 2) Improved handwriting (n = 1)

Learned how to ride a bicycle (n = 1) Can communicate details in pictures

(n = 1)

Increased desire to initiate verbal

conversations (n = 1)

Enhanced reading skills (n = 1)

Improved eating habits (n = 1) Improved math skills (n = 1)

Increased desire to be active (n = 1)

Each response denotes number of participants (n).

When examining effect sizes, it appears the intervention order
explained 1–23% of the observed variability with the BOT-2
Short Form subtest scores. With regard to overall scores, the
intervention order explained 25 and 58% of the variability in
the primary analyses and follow-up analyses, respectively. The
inter-individual differences between participants, including their
age, diagnoses, and severity of symptoms, most likely contribute
to the majority of the observed variability found in motor skill
scores in the study.

A within-group design was employed in the present study,
such that participants served as their own control. They may
have resulted in learning effects of the BOT-2 Short Form, which
was administered at five time points in the primary analyses.
Also, due to the length of the study (32 weeks for the primary
analyses, with one additional year for the follow-up analyses), the
lack of a concurrent control group makes it difficult to discern if
improvements in motor skills were due to inherent, age-related
changes. The study design was chosen because each participant,
regardless of diagnosis, alternated between interventions with
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periods that did not include horseback riding-related activities.
Another limitation of the present study is that multiple statistical
tests were performed, which may result in a type I error.
Therefore, the results of this study must be approached with
caution, as some of the significant results may be false positives.
This would be especially true in the significant results with
the follow-up analyses (i.e., greater overall motor skill scores
following the GaitWay intervention). However, given the small
sample size in this analysis, these data may be treated as pilot data
for future long-term studies.

The varying diagnoses of participants in this study, including
several forms of ND and associated co-diagnoses, was a limitation
in this study. As such, some participants were more mildly
affected with motor skill proficiency when compared to others.
It would be difficult to extrapolate these results to youth with a
specific severity of an ND-related diagnosis. Another limitation
was that participants were allowed to consume medications
and participate in outside therapies throughout the study. An
attempt was made to control for other environmental conditions,
including testing in the same location, at the same time of
day, with the same number of study personnel present when
testing and the parent out-of-sight in a nearby room. However,
medications and outside therapies—even under controlled,
standard conditions—can add to the variability in responses
during motor skill testing. Also, while youth were tested in this
study, this sample may not be reflective of adults diagnosed with
some ND. With the follow-up analyses, these limitations can also
be applied. Because of only 7 participants in this analyses, the
small sample size limited the statistical power, and prevented the
comparison of BOT-2 Short Form subtest scores between time
points. Results in general may therefore not be reflective of actual
population parameters.

In this study, overall motor skill proficiency, assessed using
the BOT-2 Short Form, increased following a washout period
from an original baseline 24 weeks prior, and remained increased
following a subsequent period of both EAA and brain building
activities. The increase observed after the washout period may
be related to delayed, or latent, improvements in motor skills
following an earlier EAA-only intervention with this population.
Overall motor skills remained elevated for one additional year
while participating in a combination of EAA and brain building

activities. Results should be approached with caution, however,
due to the large variability in scores and weak effect sizes with
select fine motor and gross motor tasks, and the absence of a
concurrent control group for comparison. Future research should
includemore physiological testing to complement the assessment
of motor competencies, and methods to quantitatively measure
the anecdotal data, reported in this study, following a multi-week
intervention with EAAT and brain building activities.
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