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Abstract  This study examined the effects of a
combined hippotherapy and ground exercise program on
gait performance, fatigue, energy expenditure, and quality
of life (QoL) in individuals with multiple sclerosis (MS),
with a focus on both immediate and sustained outcomes.
Twenty participants with MS were divided into an
intervention group (IG; n = 11) and a control group (CG; n
= 9). The IG underwent a two-month program comprising
13-16 sessions of hippotherapy and ground exercises.
Assessments were conducted at baseline, post-intervention,
and six weeks later (follow-up). Outcomes included the
Modified 6-Minute Walk Test, Physiological Cost Index
(PCI), Fatigue Severity Scale (FSS), Visual Analogue
Scale for Fatigue (VAS-F), and the MSQoL-54
questionnaire. The 1G showed a significant improvement in
walking distance (p <.001), without a concomitant increase
in state fatigue (VAS-F), which was maintained at follow-
up. Trait fatigue significantly decreased (FSS score
reduction of 11.36 points, p = .014). PCI remained
unchanged. QoL improved significantly in both physical
and mental domains (p < .01). No significant changes were
observed in the CG. Satisfaction with sexual life did not
change in either group. In conclusion, a combined
hippotherapy and ground exercise intervention improved
walking performance, reduced trait fatigue, and enhanced
QoL in people with MS. These benefits were sustained
post-intervention, suggesting that such programs can be an
effective and lasting non-pharmacological strategy in MS
rehabilitation.

Keywords  Multiple Sclerosis, Hippotherapy, Gait,
Fatigue, Quality of Life, Rehabilitation

1. Introduction

Multiple Sclerosis (MS) is a chronic, immune-mediated
disease that affects the central nervous system, resulting in
demyelination, axonal injury, and neurodegeneration. It is
one of the leading causes of neurological disability in
young adults, affecting millions worldwide [1]. The
clinical presentation of MS is highly variable, with
symptoms such as fatigue, muscle weakness, spasticity,
sensory disturbances, balance deficits, and cognitive
impairment. These manifestations often lead to progressive
deterioration in physical functioning and reduced
independence [2]. A major consequence of MS is its
detrimental impact on quality of life (QoL)—a broad
concept that includes physical health, emotional well-being,
social participation, and perceived life satisfaction.
Individuals with MS consistently report lower QoL than
both healthy populations and individuals with other chronic
diseases, due to the combined burden of physical disability,
psychological stress, and social isolation [3,4].

Mobility impairments are among the most frequent and
disabling symptoms of MS, negatively affecting gait speed,
endurance, and coordination [5]. These impairments not
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only restrict daily activities but also contribute to a
reduction in overall physical activity, leading to further
deconditioning and decreased mental health [6-8].
Moreover, walking in people with MS is often inefficient
and energetically demanding, with oxygen consumption
during walking reaching up to three times higher than in
healthy individuals. This increased energy expenditure is
attributed to altered gait mechanics, muscle weakness,
cardiovascular strain, and psychosocial factors such as
reduced self-efficacy [9,10].

Fatigue, both chronic and activity-induced, is another
defining and often debilitating symptom of MS. It occurs
in two forms: trait fatigue, a persistent and pervasive sense
of exhaustion; and state fatigue, which arises during or after
a specific physical or mental task. This conceptual
distinction is important for understanding the different
ways fatigue affects daily life and for tailoring appropriate
interventions [11]. Fatigue is strongly associated with
reduced functionality, social  withdrawal, and
unemployment, and is consistently identified by patients as
one of the most challenging symptoms to manage [12].
Although pharmacological treatments are central in
controlling disease activity and managing relapses, they
have limited effects on functional mobility and fatigue. As
a result, there is increasing emphasis on non-
pharmacological approaches—including physical
rehabilitation, fatigue management, cognitive-behavioral
strategies, and exercise-based programs—as essential
components of comprehensive MS care [13,14].

One such intervention gaining growing attention is
hippotherapy, also known as equine-assisted therapy or
therapy incorporating equine movement. This form of
physical therapy utilizes the dynamic, three-dimensional
movement of a horse to engage the rider’s neuromuscular,
vestibular, and sensory systems. As the horse walks, the
rider receives continuous postural challenges and
movement stimuli that promote trunk stability, balance,
postural control, and coordination [15]. According to a
recent systematic review by Lav n-Pé&ez et al. [16], equine-
assisted therapies can lead to significant improvements in
gait, balance, fatigue levels, and QoL in people with MS.
These benefits are believed to result from a combination of
biomechanical, sensory, and psychosocial effects provided
by horseback movement and the therapeutic setting.

Despite these promising outcomes, the existing literature
is still developing. Many studies have small, heterogeneous
samples and lack long-term follow-up, limiting the
generalizability of findings [16]. In particular, the effects
of hippotherapy on energy cost of walking, situational
(state) fatigue, and the persistence of improvements post-
intervention remain underexplored.

The aim of the present study was to investigate the
effects of a combined hippotherapy and ground exercise
program in individuals with MS. Specifically, the study
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evaluated changes in walking ability, energy expenditure
during walking, fatigue (both trait and state), and QoL. In
addition, the study examined whether improvements were
sustained six weeks after the program ended. A comparison
with a control group allowed for a clearer understanding of
the specific effects of the intervention.

2. Materials and Methods

2.1. Participants

Inclusion criteria were to be an adult (18-65 years old)
with MS, have a score of 1-5.5 in the Expanded Disability
Status Scale (EDSS) and a weight of less than 90 kg.
Exclusion criteria were: Allergies to equines,
overwhelming fear of horses, planned change of
medication within the next three months, epileptic seizures
not controlled by medication, severe osteoporosis or hip
osteoarthritis, scoliosis, presence of severe comorbidity
from another neurological or systemic disease, relapse
episode of the condition within at least one month prior to
study participation, hypertension, pregnancy, and other
medical conditions that did not allow safe participation.

The study recruited 23 individuals (20 women, 3 men)
with MS through collaborations with patient associations
in Serres and Thessaloniki, Greece. After exclusions for
hypertension (n=1), pregnancy (n=1), and COVID-19
(n=1), 20 participants (intervention group [IG], n = 11;
control group [CG], n = 9) completed the intervention, with
16 (eight per group) retained at the 6-week follow-up. The
sample size (n=20) reflects the specialized nature of
hippotherapy and recruitment challenges inherent to
studies involving strict eligibility criteria. While relatively
small, this aligns with previous hippotherapy trials in
MS—for example, Moraes [17], which included 24
participants—where logistical factors such as limited
availability of therapy centers and stringent safety
protocols often constrained enrollment.

Six participants were allocated to CG due to pragmatic
barriers of geographical distance from the Hellenic
Therapeutic Riding Centre of Serres (HETRICS) (e.g.,
travel distance for Thessaloniki residents) and the other 14
participants were randomly allocated to the groups.
Although this semi-randomized design risks confounding,
baseline characteristics (age, EDSS, disease duration) did
not differ significantly between groups (Table 1),
supporting comparability. Attrition (n = 4 at follow-up)
resulted from acute infections (e.g., influenza); missing
data were addressed using Last Observation Carried
Forward to mitigate bias. The study was approved by the
Ethics Committee of Democritus University of Thrace and
all participants provided written informed consent.
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Table 1. Comparison of age, Expanded Disability Status Scale (EDSS)
scores, and disease duration between intervention and control groups.

Intervention group Control group p value

(n=11) (n=9)
Age (years) 43.82 +£9.09 4756 £1421 .48
EDSS (1-10) 3.27 +0.93 2.78 x1.61 407

Disease duration 20.09 +8.72 15.11 +£9.25 232

(years)

2.2. Measurements

The measurements were performed at three time points:
initial (pre-intervention), final (post-intervention, two days
from the last session of hippotherapy) and follow-up (45
days after the final measurement). All measurements are
detailed below.

2.2.1. Modified 6-Minute Walk Test

The 6-Minute Walk Test (6MWT) is a simple and widely
used assessment tool that measures the distance an
individual can walk in 6 min. Its implementation does not
require specialized equipment, making it accessible for
both clinical practice and research applications [18]. For
individuals with MS, its reliability has been found to be
excellent in terms of intra-rater (ICC = .91), inter-rater
(ICC =.94) [19], and test-retest measurements (ICC = .96)
[20,21]. According to Paltamaa et al. [21], the minimal
detectable change (MDC) for individuals with MS is
considered a difference in walking distance of £92.16 m.

To minimize the likelihood of participants adopting an
overly relaxed walking pace during the test, a modified

version of the traditional 6MWT (m6MWT) was employed.
The modification involved altering the pre-test instructions.

Participants were instructed to “walk quickly and safely,
keeping in mind that you will be walking for 6 min”, as
opposed to the standard instruction, which states to “walk
safely, keeping in mind that you will be walking for 6 min”.
Similar modifications to instructions have been utilized by
other researchers to prevent overly slow walking speeds
[22,23]. All intermediate instructions and the protocol
followed during the test adhered to the guidelines proposed
by the American Thoracic Society ATS Statement [24].

2.2.2. Visual Analogue Scale — Fatigue

The Visual Analogue Scale for Fatigue (VAS-F) is a
self-reported measure designed to capture situational
fatigue, reflecting the participant's subjective experience at
the given moment. According to the Multiple Sclerosis
Outcome Measures Taskforce [25], the VAS-F is a suitable
tool for use in clinical trials and research studies, as it
demonstrates a good correlation with other fatigue
assessment scales for individuals with MS. The scale used
in this study ranged from 0 (no fatigue) to 10 (maximum
fatigue). During the execution of the m6MWT, participants
were asked the question “How fatigued do you feel?” and

instructed to report their level of fatigue using the 10-point
VAS-F at the end of each min. The scale was presented in
tabular format and made available to participants during the
pre-test briefing and throughout the walking assessment to
ensure consistency and clarity in responses.

2.2.3. Physiological Cost Index

The Physiological Cost Index (PCI) was originally
developed by Mac Gregor [26] as a straightforward and
practical method for indirectly estimating energy
expenditure using heart rate (HR) as a primary parameter.
Astrand and Rodahl [27] later demonstrated a linear
relationship between HR and walking speed with oxygen
consumption at submaximal levels, leading to the widely
used PCI formula “PCI= HRwalking — HRrest / Speed”,
where HRwalking is the walking HR (beats/min), HRrest
is the resting HR (beats/min), and Speed represents
walking speed (m/min).

One of the main advantages of PCI is its simplicity and
feasibility, as it does not require specialized or expensive
equipment like VO: measurement systems, making it
practical for clinical settings [28-30] The PCI has been
widely used in studies measuring energy expenditure in
individuals with MS [9,31,32,33]. Additionally, a
systematic review by Andreopoulou et al. [34] identified
PCI as one of the top three tools (out of 27) employed to
evaluate assistive technology for drop foot in individuals
with MS.

In this study, PCI was calculated using data obtained
during the m6MWT, aligning with previous literature
[22,23]. HR was recorded during the m6MWT at the 1st,
2nd, 3rd, 4th, 5th, and 6th min of walking using a chest
strap HR monitor (Polar RS100, Finland). The monitor was
securely placed on the participant’s thorax before the test.
The HRrest was determined as the mean HR recorded every
10 sec over a two-minute period following five minutes of
seated rest before the test. The HRwalking was calculated
as the mean HR recorded across all 6 min of walking during
the m6MWT. Speed (m/min) was determined by dividing
the total distance covered by the duration of the test (6 min).

2.2.4. Fatigue Severity Scale

The Fatigue Severity Scale (FSS) is one of the most
widely used self-reported instruments for assessing fatigue,
particularly in neurological conditions such as MS. It
comprises nine unidimensional statements that evaluate the
severity and impact of fatigue on daily life [35]. Each item
is rated on a 7-point Likert scale, ranging from 1 (Strongly
disagree) to 7 (Strongly agree), with the final score
calculated as the mean of all nine responses. Higher scores
indicate more severe fatigue.

The FSS is designed to capture not only the intensity but
also the frequency and functional consequences of fatigue,
including its effects on physical performance and social
engagement. In the context of MS, the scale has
demonstrated strong psychometric properties. A validation
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study conducted in a Greek MS population confirmed its
high reliability, with an intraclass correlation coefficient
(ICC) of .889 [36]. These findings affirm the FSS as a
robust and suitable tool for both clinical assessments and
research studies focused on fatigue in individuals with MS.

2.2.5. Multiple Sclerosis Quality of Life-54

The Multiple Sclerosis Quality of Life-54 (MSQOL-54)
is a multidimensional tool designed to assess health-related
QoL, combining both general and MS-specific components
into a single questionnaire [37,38]. It builds upon the Short
Form-36 Health Survey (SF-36) [39], incorporating 18
additional items addressing MS-specific issues. The final
MSQOL-54 questionnaire consists of 54 items, generating
two composite summary scores, and two additional single-
item measures. The summary scores are the “Physical
Health Composite Summary” and the “Mental Health
Composite Summary”, while the single-item measures
assess “Satisfaction with Sexual Function” and “Health
Change”.

The questionnaire has been translated and validated in
Greek by Kapina [40], confirming its validity and
reliability for use in this population. Further evaluation and
use of the MSQOL-54 in Greece have been reported by
Anagnostouli et al. [41] and in multiple studies [42,43].
The internal consistency of the MSQOL-54 is high, with
Cronbach’s alpha values ranging from .75 to .96 [38].

2.3. Intervention

The IG intervention lasted two months and consisted of
13-16 sessions that took place in the indoor and outdoor
facilities of the HETRICS in Greece. Each session included
30 min of hippotherapy and 5-10 min of ground exercises
after dismounting. The program that was implemented is
detailed in the research of Koutra et al. [44], which
combined hippotherapy and ground exercises, and briefly
included the following:

2.3.1. Hippotherapy

Warm-up: Lasting approximately 5 min, it included the
process of riding the horse down a special ramp and
applying a protective helmet. The horse was then walked
slowly in a straight line, traversing the perimeter of the
indoor arena. The aim was to familiarize the participant
with the movement of the horse, and to gradually relax and
adapt the body to the rhythmic movements.

Main part: The duration of the main part ranged from 20
to 25 min. In the initial stages of the program, the sessions
focused on familiarization with the horse and the correct
riding position. As the intervention progressed, the
movement of the horse was utilized to train balance and
trunk control, initially in the occipital plane, then in the
frontal plane, and finally in the transverse plane.
Hippotherapy exercises were structured using parameters
related to the horse, the environment, and the rider. For the
horse, movements included straight paths, turns, diagonal
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patterns, and figures such as serpentines or figure eights.
Speed adjustments varied between walking and trotting,
often involving obstacle navigation. Rhythmic changes
ranged from periodic to non-periodic, with smooth or
abrupt transitions tailored to the participant’s therapeutic
goals. Sessions were conducted in enclosed or open arenas,
with surfaces such as sand, grass, asphalt, or uneven terrain
like slopes and potholes, each chosen to meet specific
needs. Rider positioning included sitting forward, sideways,
or backward. Horse equipment included blankets, saddles,
stirrups, and reins. As the sessions progressed, variety was
added to the horse’s movements, speed, and exercises with
increased coordination and motor control demands.
Exercises incorporated open or closed Kkinetic chain
activities for the upper (Figure 1) and lower limbs, center-
of-gravity shifts, and tasks performed with eyes open or
closed. Dual-tasking, combining physical and cognitive
challenges, was frequently included. Additional tools such
as poles, balls (Figure 2), obstacles, and playing cards
enhanced engagement and promoted therapeutic outcomes.
The progression of exercises was designed to meet the
individual needs of each participant.

Figure 2. Trunk activation using equipment (ball) during exercises

Recovery: The recovery, lasting about 5 min, included
relaxation exercises and calm breathing stretches as the
horse followed a slow and rhythmic gait.

2.3.2. Ground Exercises

After completing the hippotherapy part of the session,
participants engaged in 5-10 min of ground-based exercises
designed to bridge the therapeutic benefits gained from
horseback riding to the functional, ground-level activities
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of daily life. The exercises included gait activities such as
walking at a slow or fast pace, taking large or small steps,
moving in a straight or curved line, or incorporating
resistance by tasks like pushing a chair. Diagonal torso
activation, engaging both upper and lower limbs, was also
emphasized, along with lateral steps, walking with eyes
closed, or navigating over small obstacles to challenge
balance and coordination (Figures 3 and 4). Additionally,
stretching exercises focused on the upper and lower limbs
as well as the torso to improve flexibility and muscle
relaxation. Finally, horse leading activities involved
walking alongside the horse, holding the reins, and
synchronizing one’s stride with the horse’s movements,
fostering rhythm, coordination, and connection.

Figure 3. Side steps using low obstacles

Figure 4. Diagonal torso activation with lower limb involvement

2.4. Research Design - Statistical Analysis

The study design included two independent variables:
group (IG or CG) and measurement (initial, final, follow-
up). The dependent variables were: walking distance
(mM6MWT), state fatigue (VAS-F), walking energy
expenditure (PCI), trait fatigue (FSS), and QoL (MSQOL-
54).

The IBM SPSS Statistics program was used for
statistical analysis. A Shapiro Wilk test was performed to
check the normality of the data distribution. Normality was
confirmed for all variables except Satisfaction with Sexual
Function and Health Change. For data that had a normal
distribution, two-way repeated measures analysis of
variance (ANOVA) (3 X 2) was conducted in which
measurement served as the repeated measures factor and
group as an independent factor. For variables where a
statistically significant interaction between measurement x
group was documented, analysis was continued with
pairwise  comparisons  (adjustment for  multiple
comparisons: Bonferroni). For data that did not have a
normal distribution, a Friedman analysis was used for each
group separately to examine whether there was a difference
between the measurements; if there was a difference then
Wilcoxon signed rank was used to examine the differences
between the measurements. The Mann Whitney U test was
used to compare the groups with each other to examine any
differences in each measurement. Dealing with missing
data (as in the Follow-Up Measurement some participants
were unable to attend) was done using the Last Observation
Carried Forward method [45]. Applying this method, the
last available observation of each participant was carried
forward to subsequent measurements to maintain the
sample size and avoid statistical bias due to absences. The
main reason for using Last Observation Carried Forward
was to ensure that all participants remained in the statistical
analysis, ensuring comparability of results at all stages of
the survey. The significance level was set at p = .05.

3. Results

The scores of all variables that are presented below are
described in Table 2. Although analysis in the single-item
values of MSQoL has been performed with non-parametric
methods, their means and standard deviations are also
included in Table 2 for descriptive reasons.

3.1. Modified 6-Minute Walk Test (m6MWT)

The two-way repeated measures ANOVA revealed a
significant measurement < group interaction, F(2, 36) =
10.819, p = .002. Post analyses in the I1G showed a 20%
improvement in walking distance (mean increase of 68 m,
from 341 + 87 m to 409 £ 61m, p < .001). This
improvement approaches the minimal detectable change of
92.16 m established for MS populations, a statistically
derived threshold representing the smallest change unlikely
to be due to measurement error [21]. While falling just
below this conservative benchmark, the 68-meter gain
surpasses the 44-meter improvement reported in
comparable hippotherapy trials [17] and nears the 70-meter
threshold associated with meaningful community
ambulation gains [46]. Clinically, this is translated to one
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IG participant achieving cane-free ambulation post-
intervention. Improvements were maintained at follow-up
(406 £67 m, p = .001 vs. baseline), suggesting sustained
neuromuscular adaptation. The CG showed no significant
changes (360 £127 m to 367 +126 m, p = .88 > .05).
Between-group differences were non-significant (p
= .24 > .05). Data are visualized in Figure 5 and detailed in
Table 2.

3.2. Physiological Cost Index (PCI)

ANOVA revealed no statistically significant interaction
between measurement and group, F (2, 36) = 0.851, p
= .43 > .05, nor a main effect of the factor measurement, F
(2, 36) = 0.117, p = .89 > .05, indicating that contrasting
with gait improvements, the intervention did not
significantly alter energy expenditure during walking, as
PCI values remained stable across assessments.

Table 2. Means and standard deviations of m6MWT, VAS-F, PCI, FSS, MSQoL-54 by measurement and by group

Measure Timepoint Intervention Group (Mean £SD) Control Group (Mean £SD)
6-Minute Walk Test (M6MWT) (m) Initial 341 +87 360 +127
Final 409 +61"pre 367 £126
Follow-up 406 +=67"pre 353 £125
State Fatigue (VAS-F) Initial 5.59 +2.78 4.61 +£2.82
Final 4.59 +£3.30 4.44 +2.68
Follow-up 5.09 +2.67 5.55 +2.40
Physiological Cost Index (PCI) Initial 0.54 +0.19 0.46 +0.22
Final 0.52 +0.20 0.50 +0.25
Follow-up 0.51 +0.21 0.51 +0.26
Trait Fatigue (FSS) Initial 47.18 £11.99 43.00 +£15.76
Final 35.82 £9.95"pre 44,11 +£17.48
Follow-up 38.18 £7.96"pre 43.44 +16.84
MSQoL-54: Physical Health Initial 49.11 +23.49 69.69 +£17.88
Final 68.90 £15.65"pre 68.81 +£17.23
Follow-up 64.26 £14.94"pre 69.20 £17.79
MSQoL-54: Mental Health Initial 56.84 £23.34 67.00 £21.33
Final 79.09 +14.66"pre 62.68 £26.72
Follow-up 70.45 £21.84 62.63 £23.06
Additional MSQoL Subscales
Satisfaction with Sexual Function Initial 1.82 1.86
Final 2.23 2.07
Follow-up 1.95 217
Change in Health Initial 141 1.86
Final 2.14"pre 2.07
Follow-up 2.45"pre * 2.00*

Note: ~ indicates a statistically significant difference compared to the Initial measurement within the same group.

* indicates a statistically significant difference between groups at the same time point.
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Modified 6-Minute Walk Test ( m6MWT)
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Note: brackets indicate statistically significant difference between measurements for the same group

Figure 5. Distances covered in the Modified 6-Minute Walk Test (M6MWT) at three measurement points between groups

3.3. Visual Analogue Scale - Fatigue (VAS-F)

ANOVA revealed no statistically significant interaction
between measurement and group nor a main effect of the
factor measurement or group, F(2, 36) = 2.340, p
=.111 > .05). Additionally, a person-by-person analysis,
revealed that at the Final measurement, in IG, six patients
showed an improvement of more than one point on VAS-
F, four remained stable and one worsened. In the CG, two
patients improved by more than one point, six remained
stable, and one worsened. At the Follow-up measurement
and compared to baseline, in the IG, five participants
demonstrated an improvement of more than one point,
three remained stable and three worsened. In contrast, in
the CG, only one participant had an improvement of more
than one point, three remained stable and five experienced
a decline.

3.4. Fatigue Severity Scale (FSS)

Analysis of variance showed a statistically significant
interaction between measurement and group, F(2, 36)=
5.401, p = .023 < 0.05). In the IG, trait fatigue decreased
significantly between the Initial and Final measurement (p
=.014) and remained unchanged at Follow-Up (p = .003).
The CG showed no significant differences (p = 1.000).

3.5. Multiple Sclerosis Quality of Life-54 (MSQoL-54)

3.5.1. Physical Health

Analysis of variance showed a statistically significant
interaction between measurement and group, F(2, 32) =
5.011, p = .013 < .05). In the IG, scores increased
significantly between the Initial and Final measurement (p
= .004) and remained stable at Follow-Up (p = .02). The
CG showed no differences (p = 1.000).

3.5.2. Mental Health

Analysis of variance showed a statistically significant
interaction between measurement and group F(2, 36)=
6.929, p = .005 < .05). In the IG, scores increased
significantly between the Initial and Final measurement (p
=.003), with no difference in Follow up (p =.082). The CG
showed no differences (p = 1.000).

3.5.3. Satisfaction with Sexual Life

Analysis using the Friedman test revealed no statistically
significant differences in satisfaction with sexual life
across the three time points neither in the IG (p = .247) nor
in the CG (p .717). Furthermore, between-group
comparisons using the Mann-Whitney U test indicated no
significant differences in any of the measurements.

3.5.4. Change in Health

Friedman analysis showed statistically significant
differences in the IG (p = .008) but not in the CG (p =
1.000). In the IG, scores increased significantly between
the Initial and Final measurement (p = .023) and remained
stable in the Follow up (p = .048). In the comparisons
between groups (Mann-Whitney U test), a difference was
found only in the Follow up (p = 0.016).

4. Discussion

This study examined the effects of a combined
hippotherapy and ground exercise program on several
clinical and functional parameters in individuals with MS,
focusing on walking performance, energy expenditure
during gait, trait and state fatigue, and QoL.

A central strength of this study was the inclusion of
follow-up measurements six weeks post-intervention,
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allowing for assessment of the sustainability of outcomes.
The results revealed statistically significant benefits for the
IG, most notably in walking capacity, trait fatigue, and QoL
domains. Importantly, many of these improvements
persisted at follow-up, suggesting lasting effects. In
contrast, the CG showed no statistically significant changes
in any variable, strengthening the conclusion that the
observed effects in the IG were directly attributable to the
intervention program itself, rather than fluctuations in the
natural disease course or external influences.

Among the most functionally meaningful findings was
the significant increase in walking distance, as assessed via
the m6MWT. Walking ability is a crucial outcome in MS
rehabilitation, as it reflects both lower-limb function and
broader aspects of independence, mobility, and
participation in daily life. In our study, the IG demonstrated
an average improvement of 68 meters—a gain that is not
only statistically significant but also clinically relevant.
This is greater than the 44-meter improvement reported by
Moraes [17], who evaluated the effects of hippotherapy on
people with MS with lower disability levels (EDSS 2.0
compared to our 3.27). The greater gain in our study,
despite the higher baseline disability, may reflect the
potential of the intervention to produce meaningful benefits
even in more functionally limited individuals. Notably,
these improvements were sustained at the 6-week follow-
up, suggesting the development of lasting neuromuscular
adaptations. Additionally, a noteworthy individual case
involved a participant who, prior to the intervention, relied
on a cane for ambulation. Following the intervention, this
individual was able to discard the cane, both at the final
measurement and in daily life. Such cases, although
isolated, underscore the real-world, person-centered impact
of the intervention and illustrate its potential to enhance
autonomy and functional confidence. These improvements
in walking capacity are likely linked to the distinct
neuromechanical properties of hippotherapy, which
delivers rhythmic, multidirectional movement stimuli that
mimic human gait. This movement challenges the rider to
maintain postural alignment, stabilize the trunk, and
coordinate limb activity. Over time, repeated exposure to
such stimuli fosters improved trunk control, balance, and
pelvic dissociation, all of which are vital for gait efficiency
[16,17]. Similar neuromuscular adaptations have also been
documented in children with cerebral palsy following
simulated hippotherapy, supporting the broader
applicability of this intervention to motor control and
balance [47].

Interestingly, despite clear gains in walking capacity, the
intervention did not lead to significant changes in PCI. This
apparent dissociation may reflect the program’s emphasis
on neuromuscular and postural control rather than
cardiovascular  conditioning. The sessions—though
structured and functional—were conducted at relatively
low intensity (estimated 40-50% HRmax), below the 50—
70% HRmax threshold that typically is required to induce
measurable changes in aerobic capacity in individuals with

MS [48]. Similar findings have been reported in studies on
cerebral palsy [49], suggesting that equine-based
interventions primarily improve motor efficiency and
control rather than directly reduce metabolic cost.
Nonetheless, the ability of participants to walk significantly
farther without a corresponding rise in energy expenditure
may indicate improved walking economy. This could be
the result of more coordinated, efficient movement patterns
rather than increased cardiorespiratory capacity. Such an
interpretation aligns with findings from Du [50], who
reported that functional walking programs enhanced
endurance and mobility through  neuromuscular
improvements and better gait mechanics. From a clinical
standpoint, these findings underscore that meaningful
functional gains can be achieved through improved
movement quality—even in the absence of physiological
changes in energy cost.

The impact of the present study’s intervention on fatigue
was particularly noteworthy, demonstrating a significant
reduction in trait fatigue, reflected by an 11.36-point
decrease in FSS scores which persisted at the six-week
follow-up. This sustained improvement underscores the
program’s effectiveness in alleviating one of the most
prevalent and disabling symptoms of MS. Trait fatigue,
often described as a chronic and pervasive sense of
exhaustion, is influenced by a complex interplay of
neuromuscular dysfunction, physical inactivity, mood
disturbances, and psychological stress. Its successful
reduction through a non-pharmacological, activity-based
intervention highlights the therapeutic value of movement-
centered approaches such as hippotherapy. These findings
are consistent with previous studies that have reported
similar fatigue-relieving effects of equine-assisted
therapies and other engaging physical activities [16,51].

In contrast, state fatigue—evaluated via the VAS-F
immediately after the m6MWT—did not show a
statistically significant change. However, this should not be
interpreted as an absence of benefit. Notably, participants
in the 1G were able to walk significantly longer distances
without experiencing an increase in perceived fatigue,
suggesting enhanced fatigue tolerance and improved
endurance. This indicates that while their subjective
perception of exertion during effort remained stable, their
physical capacity increased—an encouraging functional
outcome. This distinction between chronic and activity-
induced fatigue aligns with emerging conceptual models of
fatigue in MS, which emphasize the need to differentiate
between fatigue types and tailor interventions accordingly
[52]. Meanwhile, the CG showed no changes in either
walking distance or fatigue perception, further highlighting
the added value of the intervention. The person-by-person
analysis, also revealed that the majority of the participants
in the 1G demonstrated an improvement of more than one
point on the VAS-F at the Final measurement and almost
half of them retained this improvement at the Follow-Up
which meets the standards of the minimal important
difference in patients [53]. This result, combined with our
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previous arguments, offers additional evidence for the
effectiveness of the intervention in alleviating state fatigue
in a substantial proportion of the participants.

QoL outcomes emerged as one of the most compelling
benefits of the intervention. Participants in the IG
experienced substantial improvements in both the physical
(19.79-point increase) and mental health (22.25-point
increase) composite scores of the MSQoL-54 (both p <
0.01). These gains extend beyond simple symptom relief,
pointing instead to a more comprehensive enhancement of
health-related well-being. The magnitude and scope of
these improvements reflect the multidimensional nature of
the intervention, which simultaneously targets physical
capacity, emotional regulation, and social engagement. Our
findings align with those of Lavn-Pé&ez et al. [16] and
Su&ez-Iglesias et al. [51], further supporting the growing
evidence that hippotherapy offers holistic benefits beyond
conventional physical therapy. Rather than addressing
isolated symptoms, this approach enhances overall
functioning, emotional well-being, and psychosocial
integration. Several factors likely contributed to these
multidimensional benefits. The physical aspect of the
intervention improved strength, postural control, and
movement efficiency, thereby enhancing functional
capacity and independence. At the same time, the
psychological and emotional dimensions of hippotherapy
may have played an equally critical role. Interaction with
animals, especially horses, has been shown to reduce stress,
enhance emotional regulation, and improve mood via
neurcendocrine pathways [54]. The presence of a
responsive, non-judgmental animal, combined with the
novelty and enjoyment of the activity, likely promoted
psychological resilience, reduced anxiety, and fostered a
sense of achievement. This interpretation is supported by
recent findings such as those of Gitman et al. [55], who
conducted a systematic review and meta-analysis
demonstrating the positive impact of non-pharmacological
interventions on QoL in individuals with MS. Participation
in enjoyable and emotionally engaging physical
interventions contributes to a positive feedback loop:
improved function boosts mood and motivation, which in

turn promotes further engagement and long-term adherence.

Despite the strengths of the intervention, Satisfaction
with Sexual Life did not improve. Sexual dysfunction in
MS is a complex issue influenced by physical symptoms
(e.g., spasticity, sensory loss), psychological factors (e.g.,
depression, self-image), and relational dynamics. It is
possible that although participants experienced gains in
function and mood, the intervention did not address the
more specific biopsychosocial factors required to impact
this domain. This highlights an area for future research and
suggests the potential value of integrated sexual health
support in comprehensive MS rehabilitation programs.

Crucially, the durability of the intervention’s effects—
evident in the maintained improvements six weeks after the
program—underscores its clinical relevance. Many
rehabilitation interventions show short-term benefits that
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decline once the structured sessions end. The fact that
improvements in trait fatigue, walking ability, and QoL
persisted beyond the active phase of the program suggests
that participants may have internalized certain
neuromuscular patterns, behavioral adaptations, or
motivational shifts. The inherently engaging, enjoyable,
and empowering nature of hippotherapy may enhance
commitment and promote sustainable behavior change,
making it a promising long-term strategy for managing
chronic MS symptoms.

Finally, it seems important to discuss an element of our
protocol which could be useful in future studies: at the end
of each hippotherapy session, participants engaged in
approximately 5-10 min of ground-based exercises. These
exercises were not structured in predefined sets or
repetitions but were functionally oriented, aiming to
facilitate the transfer of the benefits gained through
hippotherapy into a real-world, task-relevant context—
namely, movement on the ground. The inclusion of such
bridging activities is grounded in the principles of
evidence-based physical therapy, which emphasize the
importance of task-specific practice in environments that
closely resemble those of daily living [56,57]. While these
exercises alone would not be expected to yield therapeutic
benefits, their implementation immediately following a
modality-based intervention, such as hippotherapy, is
considered essential. This approach supports the
consolidation and generalization of motor gains and aligns
with contemporary neurorehabilitation frameworks, which
recognize that motor learning and functional improvement
are most effectively achieved when practice is context-
specific and integrated into meaningful tasks [57].
Intervention protocols of other recent studies rarely report
incorporating exercises on the ground either before or after
the horseback component [17, 45], with the exception of
Flores et al. [58] and Menezes et al. [59], who mention the
use of stretching exercises on the ground in proximity to
the hippotherapy intervention.

5. Conclusions

The present study demonstrated that equine therapy,
when combined with structured ground exercises, is an
effective intervention for enhancing functional capacity
and improving QoL in individuals with MS. Participants in
the IG experienced significant improvements in walking
distance, physical performance, and reduced reliance on
assistive devices. These outcomes are translated into
increased independence and are aligned with previous
findings supporting the benefits of hippotherapy for
mobility and gait function in MS. In addition to functional
gains, the intervention led to meaningful reductions in self-
perceived fatigue, particularly in trait fatigue, which
reflects the patient’s chronic experience of fatigue over
time. The observed improvement in trait fatigue may reflect
the combined impact of improved movement coordination,
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increased activity tolerance, and the emotional engagement
fostered by equine therapy.

Improvements in both physical and mental dimensions
of QoL further support the notion that hippotherapy offers
not just biomechanical, but also psychosocial and
emotional benefits. Importantly, several of these
improvements were sustained six weeks after the
intervention concluded, indicating that the benefits of
hippotherapy are not limited to the immediate treatment
period. This has particular relevance for the management
of chronic conditions like MS, where the sustainability of
rehabilitation gains is often a challenge. However, the
intervention did not result in a reduction in energy
expenditure during walking, as measured by PCI. This may
be due to the relatively low aerobic intensity of the sessions,
suggesting that future protocols might benefit from the
integration of more cardiovascularly demanding
components. Similarly, satisfaction with sexual life did not
improve, highlighting a domain that may require dedicated
and interdisciplinary approaches.

This study presents some limitations that should be
acknowledged. First, the sample allocation was semi-
randomized rather than fully randomized, potentially
introducing selection bias that could affect certain
subjective outcomes (e.g. FSS, MSQoL-54). Second, the
relatively small sample size reduces the statistical power of
the study, which may explain the lack of significant
between-group differences in certain variables (e.g.,
m6MWT), and limits the generalizability of the findings to
the broader population. Finally, due to the nature of the
intervention, blinding of participants was not feasible,
which may have introduced performance or observer bias.
Future research should employ larger, fully randomized
samples and incorporate blinding procedures where
possible to strengthen the evidence base.

In conclusion, hippotherapy appears to be a promising,
multidimensional, and sustainable intervention that
enhances physical function, reduces fatigue, and improves
overall well-being in people with MS. It holds strong
potential as a complementary tool in personalized, holistic
rehabilitation strategies.
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