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Abstract
Background: Large numbers of post-deployment U.S. veterans are diagnosed with post-traumatic stress disorder
(PTSD) and/or traumatic brain injury (TBI), leading to an urgent need for effective interventions to reduce symptoms
and increase veterans’ coping. PTSD includes anxiety, flashbacks, and emotional numbing. The symptoms increase
health care costs for stress-related illnesses and can make veterans’ civilian life difficult.
Methods: We used a randomized wait-list controlled design with repeated measures of U.S. military veterans to
address our specific aim to test the efficacy of a 6-week therapeutic horseback riding (THR) program for decreasing
PTSD symptoms and increasing coping self-efficacy, emotion regulation, social and emotional loneliness.
Fifty-seven participants were recruited and 29 enrolled in the randomized trial. They were randomly assigned to either
the horse riding group (n = 15) or a wait-list control group (n = 14). The wait-list control group experienced a 6-week
waiting period, while the horse riding group began THR. The wait-list control group began riding after 6 weeks of
participating in the control group.
Demographic and health history information was obtained from all the participants. PTSD symptoms were measured
using the standardized PTSD Checklist-Military Version (PCL-M).
The PCL-M as well as other instruments including, The Coping Self Efficacy Scale (CSES), The Difficulties in Emotion
Regulation Scale (DERS) and The Social and Emotional Loneliness Scale for Adults-short version (SELSA) were used to
access different aspects of individual well-being and the PTSD symptoms.
Results: Participants had a statistically significant decrease in PTSD scores after 3 weeks of THR (P ≤ 0.01) as well as a
statistically and clinically significant decrease after 6 weeks of THR (P ≤ 0.01). Logistic regression showed that participants
had a 66.7% likelihood of having lower PTSD scores at 3 weeks and 87.5% likelihood at 6 weeks. Under the generalized
linear model(GLM), our ANOVA findings for the coping self-efficacy, emotion regulation, and social and emotional
loneliness did not reach statistical significance. The results for coping self-efficacy and emotion regulation trended in the
predicted direction. Results for emotional loneliness were opposite the predicted direction. Logistic regression provided
validation that outcome effects were caused by riding longer.
Conclusion: The findings suggest that THR may be a clinically effective intervention for alleviating PTSD symptoms in
military veterans.
Keywords: Animal-assisted intervention, Coping self-efficacy, Emotion regulation, Military veterans, Post-traumatic stress
disorder, Social engagement, Therapeutic horseback riding, Traumatic brain injury
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Background
Therapeutic horseback riding (THR) is defined as a horseback riding program in which the primary goal is rehabilitation [1, 2]. This study examined the effect of THR on
post-traumatic stress disorder (PTSD) symptoms in veterans. Changes in coping self-efficacy, emotion regulation,
and social and emotional loneliness were also investigated.
Our study advances the empirical exploration into THR
as a form of rehabilitation for veterans who have PTSD.
Social cognitive theory and self-efficacy

Our study was designed using the conceptual framework
of social cognitive theory (SCT). SCT explains psychosocial determinants of behavior in terms of triadic reciprocal causation (person, behavior/outcome, environment)
[3]. In this transactional view of self and society, personal
factors, such as cognitive, affective, and biological events;
behavioral patterns; and environmental events, operate as
interacting determinants that influence each other.
According to Bandura, in SCT, a major factor of motivation, affect, and behavior is self-efficacy. Persons have
a level of confidence, known as perceived self-efficacy,
that influences behavior [3]. The actual performance of a
behavior (in this case coping) in a specific situation is
highly related to the perception that an individual has
the ability to perform the behavior. The more strongly
self-efficacy is perceived, the more active and persistent
are the individual’s efforts toward the behavior.
Bandura [3] noted that depression and social support
are two key pathways that impact self-efficacy. Depression
negatively influences the individual’s ability to control life
stressors. Aspirations are not achieved, and depression is
potentiated. Additionally, an inability to develop and
maintain social relationships and support contributes to
depression and lowers self-efficacy. In our study, perceived
coping self-efficacy was veterans’ perceived ability to successfully respond to unforeseen events.
Post-traumatic stress disorder in veterans

PTSD is an anxiety disorder that occurs after exposure to
a life-threatening event or injury [4]. PTSD is marked by
four symptom domains: re-experiencing (i.e., flashbacks),
avoidance, changes in beliefs and feelings, and hyperarousal. Estimations of the percentage of the more than
23 million veterans who experience clinically significant
PTSD symptoms per year vary by service era and are estimated to be in the range of 11%–20% from Operation Enduring Freedom/Operation Iraqi Freedom/Operation New
Dawn, 12% from the Gulf War, and 15% from the Vietnam
war (30% in their lifetime) [4, 5]. While these numbers are
significant, PTSD is likely to be under-reported due to
stigma, making these percentages lower than might be accurate among those who have served.
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PTSD has been associated with poor quality of life and
increased use of health care services, and a variety of comorbid physical and psychological conditions [6]; most
notably depression [7, 8] and substance misuse and addiction to drugs and alcohol [9, 10]. Emotional withdrawal
and numbing is common among men, while higher
arousal, lack of control, and self-persecution occurs among
women [11]. Greater combat exposure has been associated
with more PTSD symptoms and poorer readjustment [11].
Research suggests that a common coping response to
PTSD among veterans is excessive alcohol use [12–15].
Furthermore, veterans’ attempts to cope with PTSD symptoms through alcohol use may further magnify the challenges of reintegrating into post-deployment life. PTSD,
depression, and substance use disorders are associated
with a variety of family problems, including marital distress, domestic violence, poor parenting, and a variety of
behavioral health problems for children [16]. These consequences place spouses and children at increased risk for
their own behavioral health concerns [17, 18].
Additionally, fears of stigma may prevent veterans with
PTSD from admitting to symptoms, seeking assistance, or
following medical advice. PTSD and chronic pain are
commonly comorbid, with each reinforcing and exacerbating the effects of the other [19]. Veterans diagnosed
with PTSD were found to have greater psychiatric comorbidity and physical and emotional well-being limitations
than those without a PTSD diagnosis [20]. The strong association of PTSD with medical co-morbidities heightens
the need to address this disorder as early as possible to
lessen demands for VA medical services as veterans age
and the disorders they experience become chronic [21].
Cognitive behavioral therapy (CBT) is often a recommended treatment for veterans [22, 23]. Cognitive techniques generally target extinction of conditioned
emotional responses by challenging distorted beliefs that
result in maladaptive appraisals contributing to the maintenance of PTSD [24]. Behavioral techniques are used to
habituate or extinguish stimuli associated with memories
of traumatic experiences by presenting a feared stimulus
until the fear, anxiety and related problems are reduced
[22, 25]. In addition to CBT, positive stress reduction, social support and coping strategies are needed if PTSD
symptoms are to be managed effectively. Finally, social
support has been found to reduce the negative effects of
life events and to positively affect the perception and interpretation of such events [26, 27]. Two meta-analyses
showed that strong perceived social support was associated with fewer PTSD symptoms [28, 29].
Despite empirical evidence of the prevalence and potential negative impact of PTSD on veterans, research
that examines innovative interventions is scarce. Experts
have advocated for research on complementary and alternative therapies (i.e., those used in conjunction with
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or those which are not considered to be conventional
therapies) [30–32]. Animal-assisted interventions are a
unique form of complementary and alternative therapy
based on human-animal interaction [33]. The International Association for Human-Animal Interaction Organizations has established standards for ethical
implementation of animal-assisted interventions [34].
One important avenue to explore for treating PTSD may
be human-animal interaction, and specifically, interventions involving horses.
Therapeutic horseback riding and treatment of PTSD

Clinically, THR is a standardized horse riding program for
people with disabilities in which the primary goal is their
rehabilitation [1, 2]. THR has been implemented in adults
and older adults with a variety of physical impairments
[35–37] as well as defined physical and psychological disorders. THR interventions have been designed for individuals with multiple sclerosis [38–40], spinal cord injury
[41], spinal stenosis [42], mental retardation [43], and
traumatic brain injury (TBI) [44]. Positive psychological,
physical and social outcomes have been documented with
adults in other THR studies. Psychological improvements
due to THR include increased self-efficacy, motivation,
and courage [41–44], reduced psychological distress [44],
and enhanced psychological well-being [37, 44]. Social
benefits include improved social involvement [38]. THR
psychological and social benefits may be important factors
to facilitate veterans’ coping with PTSD symptoms.
Physical benefits of THR include improved sitting posture [37], motor function [45], postural balance [35, 38],
decreased muscle tension [38, 41], improved balance and
gait [42], and reduction of pain [38, 46]. Preliminary evidence suggests that PTSD and other anxiety/depression
related mental health symptoms may also decrease with
physical activity (PA) [47, 48]. PA occurring during THR
may be a potential positive coping strategy for veterans
with PTSD. In THR, the rider experiences the horse’s
stride, using core strength to remain erect, making horseback riding not merely a passive experience, but also a PA.
THR in a class setting may foster social support and enhance the veterans’ willingness to do other PA.
There are limited studies involving THR in the treatment of PTSD or TBI. One important case study of a
44-year-old veteran with a spinal cord injury demonstrated both functional improvements, including increased regular PA, along with increases in self-esteem,
self-control, and sense of independence [49]. Veterans
who participated in an equine assisted learning program
(i.e., horses used to promote cognitive reframing and
mindfulness) reported that the program had very positive benefits on their PTSD symptoms and coping skills
[50]. Veterans who took part in a THR program reported
greater communication skills and self-awareness and
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self-esteem [51]. While these studies provide veteran reported evidence of THR, none employed widely used
and standardized instruments to measure outcomes. A
single study was identified which showed quantitative
decreases in depression and improvements in reported
physical health due to a 24-week THR program [52].
However, this exploratory study lacked a control condition, making effectiveness of THR difficult to evaluate.
Horses and THR have been previously used in treating
PTSD; however, there are no randomized controlled trials
studying the effectiveness of horses in reducing levels of
PTSD [53]. THR may be a beneficial activity to reduce
PTSD symptoms in veterans and also increase PA, reduce
stress, enhance coping self-efficacy, and provide social support. Previously, THR participants have characterized
horses as accepting and nonjudgmental [54]. Our specific
aim was to test the extent to which participation in a 6week THR program (riding once per week) was associated
with improvements in the primary outcomes of PTSD
symptoms and coping self-efficacy as well as in the secondary outcomes of emotion regulation and social and emotional loneliness. Participation was hypothesized to be
associated with a decrease in PTSD symptoms, increases in
coping self-efficacy, emotional regulation, and a decrease in
social and emotional loneliness among veterans. Veterans
assigned to the waitlist control group were not expected to
have any changes in outcome measures during the 6-week
waitlist control period. We selected the waitlist control design to enable all veterans to experience THR, and also to
accommodate the capacity of the THR facility. The number
of sessions attended in the 6-week THR program was predicted to be associated with improvements in all primary
and secondary outcome measures.

Methods
Participants

The study had the approval of the VA Research and
Development Committee at the Harry S. Truman Memorial Veterans Hospital, the University of Missouri Health
Sciences Institutional Review Board and the Animal Care
and Use Committee of the University. All participants
completed the VA Research Consent Form, which had
been approved by the Health Sciences (HS) Institutional
Review Board(IRB). Fifty-seven veterans were assessed for
eligibility. Nineteen veterans were excluded (13 did not
meet inclusion criteria, and 6 for a variety of other reasons). Our primary means of recruitment occurred
through letters and postcard invitations. Two invitations
were mailed to veterans identified through VA electronic
medical records as having met the inclusion criteria of a
diagnosis of PTSD, or PTSD and traumatic brain injury
(TBI), and who lived within a 50-mile radius of the THR
sites. Veterans were also recruited through referrals from
VA clinicians and by advertising the study throughout the
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VA hospital. These veterans contacted the study office to
volunteer to participate.
Other inclusion criteria were: age 18 years or older, no
longer in active military service (including reserves),
weight of 220 pounds or less, able to walk at least 25 ft
without the assistance of a person, and willing to interact
with and ride a horse. The weight limit of veterans in our
inclusion criteria was determined because the horses
could not accommodate heavier participants.
All horses working at the riding center were eligible to
participate in the study if they were able to accommodate
a veteran of up to 220 pounds. The horses that worked in
our study were selected by the Professional Association
of Therapeutic Horsemanship (PATH)-certified riding instructor for their fitness and experience of being ridden by
adults. As part of the ethics approvals, the VA Research
and Development Animal Component of Research Protocol (ACORP) involved a visit by a VA-affiliated veterinarian to the riding centers to verify the welfare and
husbandry conditions for the horses.
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Among 38 participants who were enrolled in the study,
9 participants did not start the THR program due to several reasons (personal matters, n = 5; injuries, n = 2; logistic issues, n = 2). All participants were aware that they
would be assigned to one of the two groups prior to providing informed consent. They were randomly assigned to
either the riding group (n = 15) or a wait-list control group
(n = 14) based on their identification number (Fig. 1). The
wait-list control group experienced a 6-week waiting
period, while the riding group began THR. The wait-list
control group began riding after 6 weeks of serving in the
control group (n = 13). When they converted to the treatment group, another set of baseline data was collected
from them. This increased the baseline treatment group
data to 23 participants. For the 3-week data, there was also
data from 23 participants. However, in the 6-week data,
due to attrition, there was data from only 19 participants.
This waitlist control design has been successfully
employed in an equine program research with 131 adolescents in an 11-week equine facilitated learning program

Fig. 1 Participant flowchart. *The Riding group data comprise the data of the waitlist control group collected at 0-, 3-, and 6-weeks after THR
following the 6-week waiting period and those of the treatment group collected at 0-, 3-, and 6-week after THR
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[55]. All participants took part in the 6-week THR program. Riding center staff were not aware of who had been
assigned to either group.
All participants provided written informed consent,
and their primary health care providers gave written
assent for their participation in the THR program. To facilitate retention and minimize the attrition of study participants, a strong study identity was created using
regular study staff contact with participants and by giving t-shirts to participants depicting study-specific logos.
Despite best efforts, attrition occurred; 29 veterans participated in the THR. Attrition occurred for a variety of
reasons: 2 participants were injured between enrollment
in the study and before the THR classes began; 2 participants no longer replied to telephone calls or emails; 1
did not want to provide a reason for discontinuing participation; 1 cited mistrust of government programs; 1
moved, and 1 said he was not yet ready to be in public.
Nine participants who began the THR class did not finish the session, 5 participants discontinued due to family
commitments or changes in their schedules (e.g., childcare responsibilities, illness of a family member, or employment), 3 participants no longer responded to phone
calls or emails, and 1 participant stopped participating
after one riding session because she perceived that the
horse she was matched with did not like her. Study staff
did not observe any overt negative behavior in the horse,
and it was successfully matched with another veteran in
the next round of THR sessions. The veteran was offered a different horse but she chose to discontinue the
study instead. There were no adverse events (e.g., falls
from a horse, biting, kicking, or injuries) during any riding session. The class coordinator had a cellular telephone with a designated toll-free number that
participants could call 24-h a day for the duration of the
study. This phone number was specifically provided in
case participants experienced any injuries or pains due
to, or had concerns or questions about the study. No
phone calls were received addressing injuries or pains;
the phone number was exclusively employed regarding
scheduling issues.
Materials

Demographic and health history information was obtained
from participants via investigator-developed questionnaires that were used successfully in previous studies [56].
The demographic questionnaire asked participants’ age,
gender, race, marital status, years of education and
horseback-riding history. The health history questionnaire
included a list of common health problems, asked about
drug, alcohol, caffeine and tobacco use, as well as complementary therapies that may be associated with changes in
self-efficacy such as yoga [57], massage, meditation, mindfulness [58], biofeedback, acupuncture, and prayer. The
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health history questionnaire also asked participants to rate
their pain during the current week on a 0–10 scale with 0
meaning no pain and 10 meaning the worst pain ever experienced. The demographic and health history questionnaires were administered once at baseline.
PTSD symptoms were measured using the PTSD
Checklist-Military Version (PCL-M). The PCL-M is a
self-report measure of the 17 DSM-IV symptoms of
PTSD asking about problems in response to “stressful
military experiences” [59]. Study participants were asked
to rate how much they were “bothered by that problem
in the past month.” Items are rated on a 5-point Likert
scale ranging from 1 (‘not at all’) to 5 (‘extremely’), with
higher total scores indicating more PTSD symptoms experienced. A total summed score (possible range of 17
to 85) is obtained, and a score of at least 50 is indicative
of a PTSD diagnosis [60]. The PCL-M has been found to
have strong internal consistency (0.94–0.97), test-retest
reliability (0.97 over 3 days), concurrent validity (0.77–
0.93), and diagnostic efficiency with a sensitivity of 0.82
and specificity of 0.84 [60].
The Coping Self Efficacy Scale (CSES) is a 26-item 11point analogue scale assessing individuals’ perceived
ability to cope with life’s challenges or threats by using
problem-focused coping, stopping of unpleasant emotions and thoughts, and getting support from family and
friends [61]. Higher scores indicate greater perceived
coping self-efficacy (possible range of 0 to 260). Participants were asked to rate how well they believed they
could perform behaviors important to adaptive coping.
The instrument has strong internal consistency (0.80–
0.91) and test-retest reliability (0.40–0.80) [62].
The Difficulties in Emotion Regulation Scale (DERS)
contains 36 items measuring the “modulation of emotional arousal; awareness, understanding, and acceptance
of emotions; and ability to act in desired ways regardless
of the emotional state” and is scored on a 5-point
Likert-type scale ranging from 1 (‘almost never’) to 5
(‘almost always’) [63]. Higher scores are indicative of
greater difficulties with emotion regulation (possible
range of 36 to 180). The DERS was found to have a
strong internal consistency (0.93) and tested well against
the Negative Mood Regulation Scale (−0.69) [63].
The Social and Emotional Loneliness Scale for Adultsshort version (SELSA) consists of 15 items assessing
emotional, family, and romantic loneliness rated on a 7point Likert-type scale ranging from 1 (‘strongly disagree’) to 7 (‘strongly agree’) [64]. Higher scores signify
greater perceived loneliness (possible range of 15 to
105). The scale was found to have an internal
consistency ranging from 0.87–0.90, to be significantly
correlated with the long-established UCLA-Loneliness
Scale, and has been extensively tested against other
established measures [64].
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safety of participants and facilitate balance if necessary by
walking next to the rider at both sides of the horse. Participants were allowed to “fire” their side-walkers beginning
week three of our THR curriculum if the riding instructor
deemed their progress sufficient.
During the THR sessions, veterans learned basic
horsemanship skills and completed tasks on horseback.
THR classes consisted of grooming and interacting with
the horse before riding, applying the riding tack to the
horse, then riding with a horse leader and two side
walkers to ensure safety. Each session consisted of the
following successive elements: Welcome to the Barn,
Grooming and Safety, Mounting, Lesson (warm up exercises, riding exercise, and cool down), and Dismount/
Closure. The length of time for the individual elements
changed with each lesson as the riders progressed in
their horsemanship. The schedule for the first class included: 10 min for Welcome to the Barn, 25 min for
Grooming and Safety, 10 min for Mounting, 10 min for
Lesson, and 5 min for Dismount/Closure. The Welcome
to the Barn decreased to 5 min and Grooming and
Safety to 20 min, while the Lesson increased to 15 min
and Dismount/Closure to 10 min (there was no change
in time for Mounting). The final class consisted of 5 min
of Welcome to the Barn, 10 min of Grooming and
Safety, a 30-min Lesson, and 10 min of Dismount/
Closure.

Procedures

THR classes were held at a Professional Association of
Therapeutic Horsemanship (PATH)-Accredited Riding
Center study site. An occupational therapist conducted
assessments on each participant to ascertain their needs
to ensure safety during THR and to identify the appropriate horse for each veteran. The veterans rode the
same horse for the entire study period. The facility staff
matched each veteran with a horse based on physical
criteria and the veteran’s expressed preferences. Baseline
data collection, which took approximately 40 min to
complete, occurred before any participant began the
THR sessions. Subsequent data collection (which required 15–20 min to complete) occurred 3 times for
participants randomly assigned to the wait-list control
group: at baseline, week 3 of THR, and week 6 of THR.
Data collection occurred 5 times for participants
assigned to the wait-list control group-control period: at
baseline (6 weeks before the start of the THR), control
period week 3 (3 weeks before the start of the THR),
and control period week 6 (which also served as the
THR baseline), as well as THR weeks 3 and 6. Table 1
depicts the instrument administration intervals.
One riding program took place in an indoor arena (4
participants) and the rest took place in a covered, outdoor arena. For the latter, inclement weather was an issue
resulting in class cancellation. The riding season began in
mid-March and finished at the end of October. During
the hottest months (July and August), for the safety of
the riders and horses, classes were cancelled twice due to
extreme heat and humidity.
Participants attended THR classes once per week for
6 weeks in accordance with the systematized THR curriculum developed by the research team, which included 2 occupational therapists and 2 PATH-certified riding
instructors. The THR sessions were conducted by a
PATH-certified riding instructor and supervised by an occupational therapist. Horses were led by a riding center
volunteer. Side-walkers are used in THR to ensure the

Statistical analysis

Working from a conceptual framework of social cognitive
theory, this study sought to determine whether a THR
program affects psychosocial determinants of behavior in
post-deployment U.S. veterans with a diagnosis of PTSD
or PTSD and TBI. Four variables were examined, including PTSD, CSES, DERS, and SELSA, each measured at
baseline, 3weeks and 6weeks. The THR program was a
randomized wait-list controlled design, in which participants rode a horse or were wait-listed for prescribed
times. Demographic data about the participants were also

Table 1 Data collection schedule
Item

Wait-list control group

Riding group

Waiting period
Baseline

Week 3

Riding period
Week 6

Week 3

Baseline
Week 6

Week
3

Week
6

Demographic questionnaire

X

X

Health history

X

X

Coping Self Efficacy Scale

X

X

X

X

X

X

X

X

PTSD Checklist-Military Version

X

X

X

X

X

X

X

X

Difficulties in Emotion Regulation Scale

X

X

X

X

X

X

X

X

Social and Emotional Loneliness Scale
for Adults-short Version

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Riding diary (completed weekly)
X means data collected at that time point
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collected. The analysis employed both descriptive and inferential statistics, and was done with SPSS, Version 24 (IBM
Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.). After screening, there
were 29 subjects with complete data. For inferential analyses, relevant statistical assumptions (including normality,
linearity, homoscedasticity) were evaluated. Independence
of observations was also presumed. Consistent with the
study’s design, a repeated measures ANOVA was used on
the outcome scores. Also, t-tests on difference scores were
calculated: (1) baseline to 3-week, (2) baseline to 6-week,
and (3) 3-week to 6-week. For dichotomous outcomes, a
logistic regression was employed. Following custom, the
P-value for determining significance was set at 0.05.

Results
After customary demographic counts, the primary analysis used was repeated measures ANOVA between factors. Usual assumptions were evaluated, including
normality, linearity and homoscedasticity. Each was
found to be within acceptable parameters for analysis by
variance statistics (i.e., ANOVA). The differences evidencing a significant difference are noted (by convention)
with an asterisk and in the table’s footnote.
Demographics

The sample was comprised of 32 males (84.21%) and 6 females (15.79%). The age was 54.35 ± 12.85(29–73) years.
Military service branch consisted of the following (n = 38):
17 (44.74%) had served in the Army, 9 (23.68%) in the
Marines, 7 (18.42%) in the Navy, 4 (10.53%) in the
National Guard, and 1 (2.63%) in the Air Force. One participant declined to divulge this information. The average
number of deployments was 1.79, ranging from zero to 10.
Instrument performance

Internal consistency was assessed for each instrument by
calculating Cronbach alpha coefficients. This was important to ascertain the reliability of the instruments

with the military veteran population. A value above 0.7
was used as the criterion for acceptable interpretations
[65]. The values for each instrument were as follows:
PCL-M = 0.737, CSES = 0.868, DERS = 0.831, SELSA =
0.788. These values demonstrate that the study instruments performed well with our participants.
Primary and secondary outcomes

In order to address the research questions, the analyses
included both descriptive and inferential statistics. For
descriptive work, frequency counts, frequency descriptions and correlations between relevant variables were
calculated. For inferential approaches to data analyses,
our primary approach was a repeated measures ANOVA,
followed by confirmatory analysis with logistic regression
analysis. First, relevant assumptions were evaluated, including normality, linearity and homoscedasticity. Each
were within acceptable parameters for analysis by variance statistics (i.e., ANOVA). Table 2 depicts scores for
all outcomes measures over the course of the study. Our
data show that PCL-M scores decreased considerably at
both the 3-week and 6-week data collection intervals
during THR. There were no statistically significant
changes in the other primary and secondary outcome
variables over time (i.e., coping self-efficacy, emotion
regulation [mood], and perceived loneliness). However,
and importantly, changes in the DERS (which measured
emotion regulation) and CSES (which measured coping
self-efficacy) scores were in the predicted direction.
Changes in the SELSA were opposite the predicted direction (indicating increased loneliness).
In the riding group data, while riding, veterans had
statistically significant decreases in their PTSD symptoms over the 6-week THR program. Symptoms significantly decreased between baseline and week 3, F(1,17) =
10.678, P = 0.005, and also between week 3 and week 6
of riding, F(1,17) = 8.750, P = 0.009. Eighteen of the 23
veterans (78%) (one veteran missed the 3-week data collection) who completed data collection at baseline and

Table 2 Mean scores for each outcome measure across time
Item

Wait-list control group data

Riding group data

Baseline
(n = 14)

Week 3
(n = 13)

Week 6
(n = 13)

Baseline
(n = 28)

Week 3
(n = 23)

Week 6
(n = 19)

PTSD symptoms

58.36 ± 16.40
(21–75)

57.62 ± 13.15
(31–78)

59.23 ± 14.29
(31–76)

57.72 ± 14.63
(29–79)

53.22 ± 13.8
(28–82)*

47.00 ± 14.67
(26-78)*

Coping self-efficacy

114.43 ± 64.02
5–255)

103.38 ± 61.08
(0–255)

115.00 ± 48.17
(61–236)

115.59 ± 50.55
(20–236)

116.09 ± 50.68
(34–209)

130.21 ± 51.84
(29–234)

Emotion regulation

113.50 ± 27.80
(58–149)

109.46 ± 24.33
(58–147)

110.00 ± 32.07
(43–154)

106.00 ± 29.60
(43–163)

108.65 ± 21.46
(67–147)

99.42 ± 18.31
(70–132)

Social and emotional loneliness

49.35 ± 5.06
(39–57)

52.08 ± 12.47
(27–74)

53.61 ± 8.03
(42–66)

50.38 ± 11.92
(20–72)

53.52 ± 13.70
(28–85)

57.00 ± 10.29
(42–80)

*Change from previous time point statistically significant at P < 0.05
The Riding group data comprise the data of waitlist control group collected at 0-, 3-, 6-week after THR following 6-week waiting and those of treatment group collected at 0-, 3-, 6-week after THR
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after 3 weeks of THR showed a decrease in PTSD symptoms, while 18 out of 19 (94.74%) showed a decrease between baseline and week 6.
The research design allowed for several meaningful
comparisons and contrasts in our data. We were able to
construct a variable for the number of weeks that participants rode. We used this variable to compare outcome
measures across the 3 data collection points. By this
comparison, there were dramatic changes at all 3 data
collection points. Globally, the highest level of PTSD
symptoms was recorded at baseline, then there was a
drop at 3 weeks of riding and a still further drop at
6 weeks of riding. However, the decline in PTSD symptoms was not uniform for all participants. This is shown
by the contrast between: 1–3 week riders (dotted line in
Fig. 2) and 4–6 week riders (continuous line). Those
who rode for more sessions (4–6 weeks) evidenced
much larger declines in PTSD scores than those who
rode for fewer sessions, and the decline continued with
each measurement. The THR intervention’s practical significance is buoyed by the fact that the reduction was
evidenced consistently for virtually all participants. Figure 2 displays these findings.
Overall, participants had an 81.8% likelihood of improvement in PTSD levels. Further detailed examination showed
that participants had a 66.7% likelihood of having lower
PTSD scores at 3 weeks, and an 87.5% likelihood at
6 weeks.
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For self-efficacy (CSES scores), the anticipated direction of change is upward, indicating that the individual’s
adaptive coping was increasing. As seen in Table 2, the
wait-list group had a decline in their success with coping, but both riding groups evidenced increased coping:
the shorter riding group (1–3 weeks) did show a decline
between the first and second measurement, but then
showed a marked increase at the next measurement,
while the longer riding group (4–6 weeks) demonstrated
consistent CSES increases across all measurements.
By logistic regression, there was 100% correct classification of increased coping, regardless of whether the
group was 1–3 weeks or 4–6 weeks. The more the participants rode, the higher their CSES scores were. For
the variable DERS, the direction of anticipated change
with THR is a decline. The data (Table 2) indicate there
was no change with shorter term riding (1–3 weeks), but
that the decline as a result of the longer term riding (4–
6 weeks) was substantive. As confirmatory information,
the logistic regression allowed 100% prediction in correct classification.
For the final outcome variable, the SELSA, the results
were less clear than for the other study variables. For
both the wait-list and the riding groups, the SELSA
scores indicated that social and emotional loneliness increased; however, for the longer riding group (4–
6 weeks), the increase was temporary only until the second measurement, whereupon the SELSA scores declined precipitously.

Discussion
Primary and secondary outcomes

Fig. 2 PTSD means of Riding group over time by total number of weeks
ridden. The purpose of these analyses was to ascertain whether the
significant decrease in PTSD found at 3 weeks of riding was sustained at
6weeks. Each participant (n = 19) was tested whether or not they rode
for all the 6 weeks

Our findings need to be interpreted within the clinical
context for treatments administered to veterans with
PTSD. A 5-point decrease is the minimum threshold
used to determine that an individual has responded to a
treatment modality [66]. A 10-point improvement is the
minimum threshold for determining clinically meaningful improvement [66]. Our findings show that our participants’ mean improvements in PTSD symptoms were
6 points at the 3-week data point and 13 points at the 6week data point while riding. As such, participants’
PTSD symptoms had beneficially responded to THR
after only 3 weeks, and by the end of the THR program,
they had definitively achieved a clinically meaningful improvement in PTSD symptoms. Kazdin [67] advocated
that the clinical significance of an intervention impacts a
person’s functional ability. We conclude that THR shows
promise as a beneficial intervention for veterans with
PTSD, but did not measure functional ability. Our findings suggest that riding is a constructive activity for reducing PTSD symptoms in our participants and that
riding for longer periods of time has a stronger influence
than riding for shorter periods of time. Studies
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examining resultant functional ability would be useful.
Kazdin [68] also indicated that the magnitude of change
in a dependent variable determines to what extent we
may accept causal influence. Others found that PTSD
symptoms responded to complementary therapies such
as guided imagery [30] or yoga [56]. The fact that 13 of
our participants had served in the Vietnam war era, and
thus had perhaps been living with PTSD for decades, yet
derived a clinical meaningful improvement in their
PTSD symptoms from a brief 6-week THR intervention
is promising. Our findings provide empirical evidence
that THR is effective at improving coping skills and in
lessening one’s difficulty with emotional regulation, especially with longer riding interventions.
We recognize the many potentially extraneous variables that may have influenced our findings. The question arises, “What components contributed to the
change?” First, we recognize that there is an inherent selection bias in THR research because only participants
who were willing to ride a horse sought to enroll. However, we argue that no intervention toward which a person has a negative predisposition will be of benefit to
that person; it is not possible to force people to participate in psychosocial interventions that they are unwilling
to experience. We do not purport that THR is the intervention of choice for all veterans with PTSD, but only
for those willing to ride horses.
Methodologically, a long list of extraneous variables
must be taken into account as we interpret our findings.
So, the question may be asked, “what components of the
THR and the conditions surrounding THR may have
contributed to our beneficial findings in PTSD?” For example, driving to and from the stable, indoor versus outdoor riding arenas, and the weather while riding may
have influenced the outcomes. It is not possible to isolate these factors. Additionally, the fact that THR consists of many steps including grooming the horse and
interacting with it, applying the riding tack to the horse,
learning basic horsemanship skills, as well as interacting
with the horse leader and side-walkers may have enhanced the participants’ PTSD outcomes. These are all
components of THR and cannot be isolated in our study
to ascertain their individual effects on our outcomes. It
is not realistic that each of these components could be
studied separately in a randomized controlled trial; their
individual relevance is perhaps less important than the
complete THR experience because these components
would not naturally occur in isolation. A common criticism of human-animal interaction research is that we
cannot be sure that change is caused by only the animal
because an animal handler is nearly always involved in
such interactions. That is the nature of such interventions, and it would not be possible to study them without handlers. What was done, however, was to
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objectively study the biophysiologic parameters at each
phase of the THR process (e.g., driving to the stable) to
better isolate the precise contribution of the actual time
on the horse to the changes in the PTSD levels.
Our findings for coping self-efficacy, emotion regulation,
and social and emotional loneliness did not reach statistical
or clinical significance. The fact that coping self-efficacy
and emotion regulation findings moved in the predicted
direction was encouraging. We suspect that the diminishing
sample size may have limited our power to detect statistically significant changes in these two variables. Alternatively, perhaps a longer THR program would have had a
greater impact on these two variables. However, the loneliness findings moved in the opposite direction from our predictions. Although again not statistically significant, this
trend warrants further discussion. One potential limitation
of the SELSA with combat veterans is that loneliness, which
may be associated with guilt and/or shame, is called spiritual or existential loneliness [56]. Another limitation is that
it does not capture experiential isolation, which has been
defined as failed inter-subjectivity [69]. Our findings may
suggest that more work is needed in the conceptualization
and operationalization of loneliness in veterans.
The “firing” of side-walkers was performed once participants felt comfortable and confident in their riding abilities and the THR staff was sure they were able to ride on
their own. While this marked increased ability, it also lessened the interpersonal interaction with staff. The veterans
in this study expressed that the interpersonal interactions
with study staff was one of the benefits of participation.
Decreasing the time spent with staff during the class session may have influenced our findings.
On the most fundamental physiologic level, research
has provided evidence that basic human emotions rooted
in the limbic system generally do not occur in opposition
to each other (e.g., fear and affiliation, panic and play)
[70]. In our study, veterans interacted with their horses
(by grooming, tacking, rewarding-some brought carrots
for their horse) and spent quiet time talking with their
horses. Other investigators have reported that human
touch is an essential factor in the creation of human-horse
affiliations [71]. This affiliation may increase the likelihood
of veterans experiencing a reduction in anxiety, which is a
central component of PTSD.
The fact that we found significant improvements in
PTSD but not in self-efficacy raises the issue of the difference between these constructs. PTSD is an anxiety
disorder, but self-efficacy reflects a person’s belief or
confidence in their ability to act on their environment
[3]. Our THR intervention may have enhanced the context for the veterans to gain a skillset that would enhance their self-efficacy (e.g., with horsemanship), and
while the scores on the CSES were in the predicted direction (improvement), they did not reach statistical
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significance. The fact that there was no change in these
scores during the control period, but there was a positive
change during the riding period would support this notion. Moreover, qualitative findings suggested that the
veterans felt that they gained confidence. However, our
THR curriculum may not have been sufficiently structured to bring to the veterans’ awareness that they were
learning a series of horsemanship skills. Furthermore,
self-efficacy has been reported to be context or domain
specific [72]. While our participants may have increased
their self-efficacy for horsemanship, we did not measure
this specifically. This is an important consideration for
future THR programs aimed at improving self-efficacy.
Our previous research demonstrated that emotionally
stressed adult cancer patients who interacted quietly
with a companion animal reported the visiting dog provided them comfort and was a confidant who made
them happy and gave them energy [73]. Other research
demonstrated that quietly petting a dog was associated
with a relaxation effect (lower blood pressure and cortisol levels) [74]. Horses differ significantly from dogs;
however, the quiet interaction between people and
horses working in THR may produce similar experiences
of affirmation and relaxation [75]. As prey animals,
horses may be less likely than dogs to compete with
humans for leadership.
Veterans with PTSD may experience stigma associated
with others’ negative perceptions of them, leading to isolation. Moreover, the anxiety associated with PTSD is
known to induce veterans to avoid social contexts, leading to further isolation [51]. Afflictive behavior between
person and horse has been identified as a vital component of best practices in veterinary medicine when veterinarians work with horses [71]. It can be argued that
THR will be more successful when military veterans also
interact quietly and kindly with the horses they are riding. In our study, veterans engaged in this behavior at
every session prior to and after riding, which may have
positively potentiated the effects of our intervention and
is a strength of our design.
Our findings regarding social and emotional loneliness
were not statistically significant, and the trends were not
in the predicted decreasing direction. The participants
expressed sadness that the THR program was ending. For
example, one veteran said, “I enjoyed the closeness with
the horse—met some very nice people.” Another said, “it
was really amazing, I really want to continue. I really will
miss Rock [horse’s name]. I am always happy around him
and I think he responds well to me also.” It may be that
loneliness scores at six weeks were related to the veterans’
anticipation of the completion of the program.
Interactions between the veterans and the riding center
and study staff were positive. Other investigators have advocated for an individualized approach to selecting
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“talkative volunteers” or less talkative volunteers as a
match with each veteran’s needs, which may enhance veterans’ THR experience [51]. We attempted to control for
possible confounding effects of interpersonal interactions
with riding center volunteers and study staff by instructing
these individuals to minimize conversational initiation
with the veterans. In this way, the veterans chose their
level of interaction.
Veterans’ perceptions of THR

At the beginning of our study, some veterans expressed reluctance to participate on receiving our first invitation letter. They were more receptive to the subsequent postcard
that we sent with the study logo on it. One gentleman who
was a Vietnam war veteran said that he did not want to participate, but his wife encouraged him to come. However,
after his first session (which occurred the week before the
University went on spring break and the THR was also on
recess), he thought that it was too bad to have to wait
2 weeks to do this again. This veteran not only completed
the study, he expressed interest in continuing to volunteer
at the riding center after completion of the study.
Veterans expressed interest in participating in the study
to try something new or rekindle a childhood experience.
Many had ridden horses as children and recalled this
fondly. Fortunately, veterans who wanted to continue
THR were able to do so after the study was completed.
This occurred via prescriptions for THR facilitated by VA
recreation therapists or when the veterans volunteered at
the therapeutic riding centers. Volunteering has been
found to be a meaningful activity for veterans, particularly
those who served in combat [76].
Accessibility to riding centers may be an issue for veterans who wish to participate in THR. One veteran said
“I had to drive an hour to and from the horse center”,
and we know this was one of the challenges of the program. THR may be more accessible to rural veterans
who may have to travel long distances to reach VA treatment programs. THR is clearly not a replacement for
conventional therapies used to treat PTSD, but as a
complementary therapy, riding centers may be a readily
accessible resource to veterans in rural areas.
Limitations

Our sample size was small, which limited our power to
detect changes in the dependent variables. Nevertheless,
we did find statistical and clinical significance in lowering PTSD symptom levels. The sample size was limited
by the local VA requirement that we could only recruit
participants being treated at the VA through which the
study was approved. Originally, we partnered with two
THR centers in the St. Louis area. Only 4 of the 38 participants who were treated at the Columbia, Missouri

Johnson et al. Military Medical Research (2018) 5:3

VA lived close enough to these two riding centers to be
able to travel there.
The study was logistically complex to implement because of the need to balance VA requirements and approvals, the riding center schedules, university calendars,
and the busy lives of the participants. One previously
mentioned veteran drove 1 h, while others drove 40 min
to attend the classes, which occurred during normal
business hours to accommodate the riding center. Three
volunteers were needed per veteran (2 side walkers and
a leader). The volunteers are essential to the daily operation of the riding center, increasing the complexity of
scheduling. We required an Occupational Therapist and
a PATH-certified riding instructor to administer the detailed riding curriculum. We also had study staff present
to monitor fidelity to the riding curriculum, oversee data
collection, and monitor participant safety. The staff also
phoned the veterans each week to confirm their attendance at each session or apprise them of changes in class
schedule due to inclement weather.
We did not use a longitudinal follow-up. It would have
been helpful to identify to what extent the PTSD symptoms
remained lower after time passed since the riding program
ended. Furthermore, the length of our THR program may
have been too short. Lanning and Krenek [51] used a 24week THR program in their study, which demonstrated improvements in veterans’ physical health and depression
levels. However, for PTSD symptoms, our findings demonstrated that 3 weeks was an effective intervention length
and that even more improvement was noted at 6 weeks.
Implications

Those planning THR programs would do well to address
some of the lessons we learned from our study. While
our findings showed beneficial outcomes in PTSD at the
3-week measurement, longer participation (six weeks)
was beneficial for self-efficacy and emotion regulation.
We identified steps that could be taken to minimize veterans’ attrition. For example, assisting with transportation to the riding center and providing child care during
the classes may be beneficial. Climate controlled riding
centers would maximize comfort for participants, volunteers, staff and horses, while minimizing the likelihood
of having to cancel a class session. Horses able to carry
riders weighing more than 220 pounds would increase
the numbers of veterans who can participate. In
addition, provision of THR class scheduling options may
decrease the number of classes missed by veterans due
to scheduling conflicts.

Conclusions
Our findings have honed the existing knowledge base on
THR, a beneficial intervention for veterans with PTSD, by
identifying a clinically meaningful dosage of THR. A 3-
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week THR program was effective, and a 6-week program
produced clinically significant outcomes in PTSD levels.
Older veterans, such as the majority in our sample, may
have been diagnosed with PTSD decades ago; THR may
be particularly promising for them. It may be important
for health systems to recognize such promise by supporting THR as a reimbursable complementary therapy.
Abbreviations
ACORP: Animal component of research protocol; CBT: Cognitive behavioral
therapy; CSES: Coping self efficacy scale; DERS: Difficulties in emotion
regulation scale; PA: Physical activity; PATH: Professional association of
therapeutic horsemanship; PCL-M: PTSD checklist-military; PTSD: Posttraumatic stress disorder; SCT: Social cognitive theory; SELSA: Social and
emotional loneliness scale for adults-short; TBI: Traumatic brain injury;
THR: Therapeutic horseback riding
Authors’ contributions
RAJ was the primary investigator for this study. She assembled and led the
research team as well as the design, grant writing, implementation, data
interpretation, and manuscript writing, revision and final approval of this
submitted manuscript. DLA’s expertise was integral in the design of the study
as well as the data interpretation. He was also involved in the writing, revision
and approval of this manuscript. JRM served as a representative of the Truman
VA. He was vital for the design and implementation of this study. He also
provided critical feedback for and approval of the manuscript. JLB was the Class
Coordinator for the second year of the study. She was involved in participant
enrolment and data collection throughout the study. She played a large role in
the writing, revision, and submission of this manuscript. She has read and
approved this final version. HDY was involved in the team that designed this
study. She enrolled participants and collected data while serving as the Class
Coordinator for the first year of the study. She was also played an important
role in the writing of this manuscript. She also approved the final version of the
manuscript. SMC was involved in the implementation of the study. She was
essential for the writing and revision of this manuscript. She has read and
approved this final version. GKC was heavily involved in the writing of this
manuscript as well as the team which designed the study. She has read and
approved this final version. AW were also involved in the design and
implementation of the study and the curriculum which was developed. She
also reviewed and provided feedback for, and approved of this manuscript.
CLR was part of the team who designed this study and its curriculum. She also
participated in writing of this manuscript. KG is the founder and Director of the
CCTRC, and was essential in all stages of this project including development
and implementation of the THR curriculum. SO provided his statistical expertise
to this study. SO conducted all the statistical analyses and was vital to the
writing and revising of this manuscript. He approved the final version. MW
played a vital role in the development of the curriculum and the study. She
also provided feedback for and approval of this manuscript. NH made
substantial contributions to the conception and design of the study. He was
also involved in drafting the manuscript, providing critically important
intellectual content. He gave final approval of all manuscript versions submitted
and is in agreement to be accountable for all aspects of the work in ensuring
questions related to accuracy and integrity of the work. All authors read and
approved the final manuscript.
Ethics approval and consent to participate
This material is the result of work supported with resources and the use of
facilities at the Harry S. Truman Memorial Veterans Hospital, Columbia, MO.
The study had the approval of the VA Research and Development Committee
at the Harry S. Truman Memorial Veterans Hospital, the University of Missouri
Health Sciences Institutional Review Board (#1207664), and the university’s
Animal Care and Use Committee (#7760). All participants completed the VA
Research Consent Form, which had HS IRB approval. The HS IRB is the IRB of
record for the Harry S. Truman Memorial Veterans Hospital.
Competing interests
The authors declare that they have no competing interests.

Johnson et al. Military Medical Research (2018) 5:3

Author details
1
Research Center for Human Animal Interaction, College of Veterinary
Medicine, University of Missouri, Columbia, MO 65211, USA. 2Research
Service, Harry S. Truman Memorial Veterans’ Hospital, Columbia, MO 65211,
USA. 3School of Social Work, University of Alabama, Tuscaloosa, AL 35487,
USA. 4Occupational Health Services, Harry S. Truman Memorial Veterans’
Hospital, Columbia, MO 65211, USA. 5Center for the Human-Animal Bond,
College of Veterinary Medicine, Purdue University, West Lafayette, IN 47907,
USA. 6School of Health Professions, University of Missouri, Columbia, MO
65211, USA. 7TREE House of Greater St. Louis, Wentzville, MO 63385, USA.
8
School of Nursing and Health Studies, University of Missouri-Kansas City,
Kansas City, MO 64108, USA. 9Cedar Creek Therapeutic Riding Center,
Columbia, MO 65201, USA. 10College of Education, School and Counseling
Psychology, University of Missouri, Columbia, MO 65211, USA. 11Ride-On St.
Louis, Kimmswick, MO 63053, USA.
Received: 28 February 2017 Accepted: 2 January 2018

References
1. Meregillano G. Hippotherapy. Phys Med Rehabil Clin N Am. 2004;15:843–54.
https://doi.org/10.1016/j.pmr.2004.02.002.
2. Silkwood-Sherer D. The difference lies in the perspective. NARHA’s Stride.
2003;9:14–6.
3. Bandura A. Social foundations of thought and action: a social cognitive
theory. Englewood Cliffs, NJ: Prentice-Hall; 1986.
4. U.S. Dept. of Veterans Affairs, National Center for PTSD. PTSD History and
Overview. 2015. http://www.ptsd.va.gov/professional/PTSD-overview/ptsdoverview.asp. Accessed 18 Oct 2017.
5. U.S. Census Bureau. Veterans – the 2012 statistical abstract. 2012. https://
www.ptsd.va.gov/public/ptsd-overview/basics/how-common-is-ptsd.asp.
Accessed 18 Oct 2017.
6. Koren D, Norman D, Cohen A, Berman J, Klein EM. Increased PTSD risk with
combat- related injury. Am J Psychiatry. 2005;162:276–82. https://doi.org/10.
1176/appi.ajp.162.2.276.
7. Schell TL, Marshall GN. Survey of individuals previously deployed for OEF/
OIF. In: Tanielian T, Jaycox LH, editors. Nvisible wounds of war:
psychological and cognitive Injuries,Their consequences, and services to
assist recovery. Santa Monica, CA: Rand Corporation; 2008. p. 93.
8. Seal KH, Matzler TJ, Gima KS, Bertenthal D, Maguen S, Marmar CR. Trends
and risk factors for mental health diagnoses among Iraq and Afghanistan
veterans using Department of Veterans Affairs health care, 2002-2008. Am J
Public Health. 2011;116:93–101. https://doi.org/10.2105/AJPH.2008.150284.
9. Seal KH, Cohen G, Waldrop A, Cohen BE, Maguen S, Ren L. Substance use
disorders in Iraq and Afghanistan veterans in VA healthcare, 2001-2010:
implications for screening, diagnosis and treatment. Drug Alcohol Depend.
2011;116:93–101. https://doi.org/10.1016/j.drugalcdep.2010.11.027.
10. Kulka RA, Schlenger WE, Fairbank JA, Hough RL, Jordan BK, Marmar CR, et al.
Trauma and the Vietnam war generation: report of findings from the National
Vietnam Veterans Readjustment Study. New York: Brunner/Mazel; 1990.
11. Taft CT, Schumm JA, Panuzio J, Proctor SP. An examination of family
adjustment among operation desert storm veterans. J Consult Clin Psychol.
2008;76:648–56. https://doi.org/10.1037/a0012576.
12. Gewitz AH, Polusny MA, DeGarmo DS, Khaylis A, Erbes CR. Post-traumatic
stress symptoms among National Guard soldiers deployed to Iraq:
associations with parenting behaviors and couple adjustment. J Consult Clin
Psychol. 2010;78:599–610. https://doi.org/10.1037/a0020571.
13. Hoge CW, Auchterlonie JL, Milliken CS. Mental health problems, use of
mental health services, and attrition from military service after returning
from deployment to Iraq or Afghanistan. JAMA. 2006;295:1023–32. https://
doi.org/10.1001/jama.295.9.1023.
14. Jacobson IG, Ryan MAK, Hooper TL, Smith TC, Amoroso PJ, Boyko EJ, et al.
Alcohol use and alcohol related problems before and after military combat
deployment. JAMA. 2008;300:663–75.
15. Milliken CS, Auchterlonie JL, Hoge CW. Longitudinal assessment of mental
health problems among active and reserve component soldiers returning
from the Iraq war. JAMA. 2007;298:2141–8.
16. Galovski T, Lyons JA. Psychological sequelae of combat violence: a review of
the impact of PTSD on the veteran’s family and possible interventions.
Aggress Violent Behav. 2004;9:477–501. https://doi.org/10.1016/S13591789(03)00045-4.

Page 12 of 13

17. Chandra A, Lara-Cinisomo S, Jaycox LH, Tanielian T, Burns RM, Ruder T, et al.
Children on the homefront: the experiences of children from military
families. Peds. 2010;125:16–25. https://doi.org/10.1542/peds.2009-1180.
18. Lester P, Peterson K, Reeves J, Knauss L, Glover D, Mogil C, et al. The long
war and parental combat deployment: effects on military children and athome spouses. J Am Acad Child Adolesc Psychiatry. 2010;49:310–20.
19. Otis JD, Keane TM, Kerns RD. An examination of the relationship between
chronic pain and post-traumaticstress disorder. J Rehabil Res Dev. 2003;40:
397–406.
20. Zatzick DF, Marmar CR, Weiss DS, Browner WS, Metzler TJ, Golding JM, et al.
Post-traumatic stress disorder and functioning and quality of life outcomes
in a nationally representative sample of male Vietnam veterans. Am J
Psychiatry. 1997;154:1690–5.
21. Nazarian D, Kimerling R, Frayne SM. Post-traumatic stress disorder,
substance use disorders, and medical comorbidity among returning U.S.
veterans. J Trauma Stress. 2012;25:220–5. https://doi.org/10.1002/jts.21690.
22. Foa EB, Meadows A. Psychosocial treatments for post-traumatic stress
disorder: a critical review. Annu Rev Psychol. 1997;48:449–80. https://doi.org/
10.1146/annurev.psych.48.1.449.
23. Department of Veterans Affairs and Department of Defense. VA/DOD
clinical practice guidelines for the management of post-traumatic stress.
The Office of Quality and Safety, VA, Washington DC and Quality
Management Division, United States Army MEDCOM. 2010.
24. Ehlers A, Clark DM. A cognitive model of post-traumatic stress disorder.
Behav Res Ther. 2000;38:319–45. https://doi.org/10.1016/S00057967(99)00123-0.
25. Cohen S, Wills T. Stress, social support and the buffering hypothesis. Psychol
Bull. 1985;98:310–57.
26. House J, Kepkowski J, Kinney A, Mero R, Kessler R, Herzog A. The social
stratification of aging and health. J Health Soc Behav. 1994;35:213–34.
27. McLeod J, Kessler R. Socioeconomic status differences in vulnerability to
undesirable life events. J Health Soc Behav. 1990;31:162–72.
28. Brewin CR, Andrews B, Valentine JD. Meta-analysis of risk factors for posttraumatic stress disorder in trauma-exposed adults. J Consult Clin Psychol.
2000;68:74866. https://doi.org/10.1037//0022-006X.68.5.748.
29. Ozer EJ, Best SR, Lipsey TL, Weiss DS. Predictors of post-traumatic stress disorder
and symptoms in adults: a meta-analysis. Psychol Bull. 2003;129(1):52–73.
30. Libby DJ, Pilver CE, Desai R. Complementary and alternative medicine in VA
specialized PTSD treatment programs. Psychiatr Serv. 2012;63:1134–6.
https://doi.org/10.1176/appi.ps.201100456.
31. Strauss JL, Lang AJ. Complementary and alternative treatments for PTSD.
PTSD Res Quart. 2012;23:1–3.
32. Wynn GH. Complementary and alternative medicine approaches in the
treatment of PTSD. Curr Psychiatry Rep. 2015;17:1–7. https://doi.org/10.1007/
s11920-015-0600-2.
33. Johnson RA, Meadows RL, Haubner JS, Sevedge K. Human-animal
interaction: a complimentary/alternative medical (CAM) intervention for
cancer patients. Am Behav Sci. 2003;47:55–69. https://doi.org/10.1177/
0002764203255213.
34. International Association of Human-Animal Interactions Organizations.
IAHAIO white paper. 2014. http://www.iahaio.org/new/fileuploads/
4163IAHAIO%20WHITE%20PAPER-%20FINAL%20-%20NOV%2024-2014.pdf.
Accessed 18 Oct 2017.
35. Araujo TB, Silva NA, Costa JN, Pereira MM, Safons MP. Effect of equineassisted therapy on the postural balance of the elderly. Braz J Phy Ther.
2011;15:414–9. https://doi.org/10.1590/S1413-35552011005000027.
36. Farias-Tomaszewski S, Jenkins SR, Keller J. An evaluation of therapeutic
horseback riding programs for adults with physical impairments. Ther
Recreat J. 2001;35:250–7.
37. Land G, Errington-Povalac E, Paul S. The effects of therapeutic riding on
sitting posture in individuals with disabilities. Occup Ther Health Care. 2002;
14:1–12. https://doi.org/10.1080/J003v14n01_01.
38. Hammer A, Nilsagård Y, Forsberg A, Pepa H, Skargren E, Öberg B. Evaluation
of therapeutic riding (Sweden)/hippotherapy (United States). A singlesubject experimental design study replicated in eleven patients with
multiple sclerosis. Physiother Theory Pract. 2005;21:51–77. https://doi.org/10.
1080/09593980590911525.
39. McKay-Lyons M, Conway M, Roberts W. Effects of therapeutic riding on patients
with multiple sclerosis: a preliminary trial. Physiother Can. 1988;40:104–9.
40. Webster A, Pfotenhauer M, David E, Leyerer U, Rimpau W, Aldridge D, et al.
Registration and evaluation of effects of hippotherapy with patients

Johnson et al. Military Medical Research (2018) 5:3

41.

42.

43.
44.

45.
46.

47.

48.
49.

50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

suffering from multiple sclerosis by means of electromyography and
acceleration measurement. Sci J Therapeutic Riding. 1995;1:333–46.
Lechner HE, Feldhaus S, Gudmundsen L, Hegemann D, Michel D, Zäch GA,
et al. The short-term effect of hippotherapy on spasticity in patients with spinal
cord injury. Spinal Cord. 2003;41:502–5. https://doi.org/10.1038/sj.sc.3101492.
Ungermann CM, Gras LZ. Therapeutic riding followed by rhythmic auditory
stimulation to improve balance and gait in a subject with orthopedic
pathologies. J Altern Complement Med. 2001;17:1191–5. https://doi.org/10.
1089/acm.2009.0708.
Biery MJ, Kauffman N. The effects of therapeutic horseback riding on
balance. Adapt Phys Q. 1989;6:221–9.
Keren O, Reznik J, Groswasser Z. Combined motor disturbances following
severe traumatic brain injury: an integrative long-term treatment approach.
Brain Inj. 2001;15:633–8. https://doi.org/10.1080/02699050118042.
Henriksen JD. Horseback riding for the handicapped. Arch Phys Med
Rehabil. 1971;52:282–3.
Hakanson M, Moller M, Lindstrom I, Mattsson B. The horse as the healer - a
study of riding in patients with back pain. J Bodyw Mov Ther. 2009;13:43–
52. https://doi.org/10.1016/j.jbmt.2007.06.002.
Assis MA, Mello MF, Scorza FA, Cadrobbi MP, Schooedl AF, Silva SG, et al.
Evaluation of physical activity habits in patients with post-traumatic stress
disorder. Clinics. 2008;63:473–8. https://doi.org/10.1590/S180759322008000400010.
Newman CL, Motta RW. The effects of aerobic exercise on childhood PTSD,
anxiety, and depression. Int J Emerg Ment Health. 2007;9:133–58.
Asselin G, Ward C, Penning JH, Ramanujam S, Neri R. Therapeutic horseback riding of a spinal cord injured veteran: a case study. Rehabil Nurs.
2012;37:270–6. https://doi.org/10.1002/rnj.027.
Duncan CR, Critchley S, Marland J. Can praxis: a model of equine assisted
learning (EAL) for PTSD. CMJ. 2014;14:64–9.
MacLean B. Equine-assisted therapy. J Rehabil Res Dev 2011;48(7): ix-xii.
https://doi.org/10.1682/JRRD.2011.05.0085.
Lanning BA, Krenek N. Examining effects of equine-assisted activities to help
combat veterans improve quality of life. J Rehabil Res Dev. 2013;50(8): xvxxii. https://doi.org/10.1682/JRRD.2013.07.0159.
Cantin A, Marshall-Lucette S. Examining the literature on the efficacy of equine
assisted therapy for people with mental health and behavioral disorders. Ment
Health Learn. 2001;8:51–61. https://doi.org/10.5920/mhldrp.2011.8151.
Bizub AL, Joy A, Davidson L. Demonstrating the benefits of therapuetic
horseback riding for individuals with psychiatric disability. Psychiatr Rehabil
J. 2003;26:377–84.
Pendry P, Carr AM, Smith AN, Roeter SM. Improving adolescent social
competence and behavior: a randomized trial of an 11-week equine
facilitated learning prevention program. J Primary Prevent. 2014;35:281–93.
https://doi.org/10.1007/s10935-014-0350-7.
Johnson RA, Meadows RL. Dog-walking: motivation for adherence to a
walking program. Clin Nurs Res. 2010;19:387–402. https://doi.org/10.1177/
1054773810373122.
Streeter CC, Gerbarg PI, Saper RB, Ciraulao DA, Brown RP. Effects of yoga on
the autonomic nervous system, gamma-aminobutyric-acid, and allostasis in
epilepsy, depression, and post-traumatic stress disorder. Med Hypotheses.
2012;78:571–9. https://doi.org/10.1016/j.mehy.2012.01.021.
Owens GP, Walter KH, Chard KM, Davis PA. Changes in mindfulness
skills and treatment response among veterans in residential PTSD
treatment. Psychol Trauma. 2012;4:221–8. https://doi.org/10.1037/
a0024251.
U.S. Department of Veterans Affairs, National Center for PTSD. PTSD
Checklist-Military Version (PCL-M). 2011. https://www.ptsd.va.gov/
professional/assessment/screens/index.asp. Accessed 18 Oct 2017.
Weathers FW, Litz BT, Herman DS, Huska JA, Keane TM. Psychometric
properties of nine scoring rules for the clinician-administered post-traumatic
stress disorder scale. Psychol Assess. 1999;11:124–33. https://doi.org/10.1037/
1040-3590.11.2.124.
Bandura A. Self-efficacy: the exercise of control. New York: W. H. Freeman; 1997.
Chesney MA, Neilands TB, Chambers DB, Taylor JM, Folkman SA. Validity
and reliability study of the coping self-efficacy scale. Brit J Health Psych.
2006;11:421–37. https://doi.org/10.1348/135910705X53155.
Gratz KL, Roemer L. Multidimensional assessment of emotion regulation and
dysregulation: development, factor structure, and initial validation of the
difficulties in emotion regulation scale. J Psychopathol Behav Assess. 2004;
26:41–54. https://doi.org/10.1007/s10862-008-9102-4.

Page 13 of 13

64. DiTommaso E, Brannen C, Best LA. Measurement and validity characteristics
of the short version of the social and emotional loneliness scale for adults.
Educ Psychol Meas. 2004;64:99–119. https://doi.org/10.1177/
0013164403258450.
65. Nunnally JC, Bernstein IH. Psychometric theory (3rd ed.). New York:
McGraw-Hill; 1994.
66. U.S. Dept. of Veterans Affairs, National Center for PTSD [Internet]. PTSD
Checklist for DSM-5 (PCL-5). 2016. https://www.ptsd.va.gov/professional/
assessment/adult-sr/ptsd-checklist.asp. Accessed 18 Oct 2017.
67. Kazdin AE. Methodological issues and strategies in clinical research. 3rd ed.
Washington DC: American Psychological Association; 2003.
68. Kazdin AE. Drawing valid inference from case studies. J Constr Psychol.
2003;49:183–92.
69. Stein JY, Tuval-Mashiach R. The social construction of loneliness: an
integrative conceptualization. J Constr Psychol. 2014;7:122. https://doi.org/
10.1037/a0036936.
70. Panksepp J. Affective consciousness: core emotional feelings in animals and
humans. Conscious Cogn. 2004;14:30–80. https://doi.org/10.1016/j.concog.
2004.10.004.
71. Payne E, DeAraugo J, Bennett P, McGreevy P. Exploring the existence and
potential underpinnings of dog-human and horse-human attachment
bonds. Behav Process. 2016;125:114–21. https://doi.org/10.1016/j.beproc.
2015.10.004.
72. Bandura A. Guide for constructing self-efficacy scales. In: Pajares F, Urdan T,
editors. Self-efficacy beliefs in adolescents. Charlotte, NC: Information Age
Publishing; 2006. p. 307–37.
73. Johnson RA, Meadows RL, Haubner J, Sevedge K. Animal-assisted activity
among patients with cancer: effects on mood, fatigue, self-perceived health,
and sense of coherence. Oncol Nurs Forum. 2009;35:225–32. https://doi.org/
10.1188/08.ONF.225-232.
74. Odendaal JSJ, Meintjes RA. Neurophysiological correlates of affiliative
behaviour between humans and dogs. Vet J. 2003;165:296–301. https://doi.
org/10.1016/S1090-0233(02)00237-X.
75. Keaveney SM. Equines and their human companions. J Bus Res. 2008;61:
444–54. https://doi.org/10.1016/j.jbusres.2007.07.017
76. Nesbit R, Reingold DA. Soldiers to citizens: the link between military service
and volunteering. Public Adm Rev. 2011;71:67–76.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

