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ABSTRACT

Background and Purpose: Treatments that improve function in late phase after stroke are
urgently needed. We assessed whether multimodal interventions based on rhythm-and-music
therapy or horse-riding therapy could lead to increased perceived recovery and functional

improvement in a mixed population of individuals in late phase after stroke.

Methods: Participants were assigned to rhythm-and-music therapy, horse-riding therapy or
control using concealed randomization, stratified with respect to gender and stroke laterality.
Therapy was given twice a week for 12 weeks. The primary outcome was change in
participants’ perception of stroke recovery as assessed by the Stroke Impact Scale with an
intention-to-treat analysis. Secondary objective outcome measures were changes in balance,
gait, grip strength and cognition. Blinded aassessments were performed at baseline, post-

intervention and at 3 and 6 months’ follow-up.

Results: One hundred twenty-three participants were assigned to rhythm-and-music therapy (n
= 41), horse-riding therapy (n = 41) or control (n = 41). Post intervention, the perception of
stroke recovery (mean change from baseline on a scale ranging from 1 to 100) was higher
among rhythm-and-music therapy (5.2 [95% CI .79 to 9.61]) and horse-riding therapy
participants (9.8 [95% CI 6.00 to 13.66]), compared with controls (-.5 [-3.20 to 2.28]); p =
0.001 (one-way ANOVA). The improvements were sustained in both intervention groups 6

months later and corresponding gains were observed for the secondary outcomes.

Conclusions: Multimodal interventions can improve long-term perception of recovery, as well
as balance, gait, grip strength and working memory in a mixed population of individuals in late

phase after stroke.

Clinical Trial Registration: ClinicalTrials.gov, NCT01372059.



INTRODUCTION

This study addresses three important clinical questions concerning the rehabilitation of stroke
survivors. Is further recovery possible once patients are returned to the community having
completed an acute/subacute-stage rehabilitation program? Can interventions that address a
range of functional deficits and behavioral limitations be effective and lead to improvement?
Can such interventions lead to sustained recovery in late phase after stroke? Treatment
strategies employing multimodal approaches and stimulating environments may hold some

answers to these questions.

Multimodal interventions are designed to engage patients in concurrent physical, sensory,
cognitive and social activities. They are attractive for complex conditions like stroke because
they target a range of functions. There is also emerging support for the contention that a
combination of different modalities, rather than the individual components, may produce

additive or synergistic effects on brain plasticity underpinning stroke recovery.!'*

Recently, multimodal interventions such as music therapy, rhythm-and music-based therapies
(R-MT), dance, and horse-riding therapy (H-RT), have demonstrated promising results when
applied to people suffering from various neurological conditions.>!* These interventions share
important core components but differ from each other with respect to their combinations of
modal stimuli and can therefore lead to different outcomes. H-RT combines equestrian
activities, sensorimotor stimulation--a socially supportive atmosphere--and an inherently rich
multisensory environment. The 3-dimensional movements of the horse’s back produce a
sensorimotor experience that closely resembles normal human gait which is shown to be
beneficial for stroke survivors.'? Structured R-MT combines listening to music, while

performing coordinated rhythmic and cognitively demanding hand and feet movements in



response to visual and audio cues. Individually, or in combination, these components have all
shown promise for treating individuals with brain disorders including stroke,'® and a recent
meta-analyses provide evidence for positive effects of music-supported therapy and rhythmic

auditory cueing in stroke rehabilitation.” % 14

There is an urgent unmet need to evaluate multimodal interventions applied to late phase stroke
survivors who often do not receive further rehabilitation after the subacute phase. We designed
a 3-armed, single-blind, randomized, controlled trial to evaluate whether a heterogeneous group
of late-phase stroke survivors (10 months to 5 years post stroke) benefit from 2 different
multimodal group-based interventions: R-MT and H-RT. We selected outcome measures that
addressed a range of physical and cognitive parameters and chose as our primary outcome
‘global perception of stroke recovery’ assessed using the Stroke Impact Scale (SIS),!> which
measures a participants’ own global perception of degree of recovery after stroke.'s: !’
Secondary aims were to investigate whether the interventions had a positive effect on gait,
balance, grip strength, and cognition. We hypothesized that R-MT and H-RT would increase

global perception of stroke recovery compared with standard care when applied to a mixed

population of late phase stroke survivors.



MATERIALS AND METHODS

This trial used a single-blind, three-armed, randomized, controlled design, conducted according
to the CONSORT guidelines.!® The trial was undertaken in Gothenburg, Sweden and was
conducted in accordance with relevant ethical guidelines. Ethics approval was granted by the
Regional Ethical Review Board in Gothenburg (Ref number: 698-09). The study protocol has

been published,'® and the trial profile is illustrated in Figure 1.

Participants

The participants were recruited from a hospital-based register covering patients treated for
ischemic or hemorrhagic stroke at the Sahlgrenska University Hospital in Gothenburg, Sweden.
The eligibility criteria,'” were subsequently widened to allow recruitment of individuals who
had their stroke >10 months and <5 years before enrolment (late phase; File I in the online-only
Data Supplement; Panel I). This was in agreement with the CONSORT guidelines,'® and
because of difficulties enrolling participants. All participants signed a written informed consent

form and were told they could withdraw from the study at any time.

Experimental design

Participants were randomly allocated to 1 of the 3 groups: R-MT, H-RT, or a control group that
received R-MT 1 year after inclusion (1:1:1) (Figure 1). The randomization was stratified with
respect to sex and hemispheric location of the stroke. A statistician performed computer-
generated randomization using random permuted blocks for each of the 2 x 2 strata. The block
size was known only by the statistician. Another independent person sequentially numbered
opaque envelopes, each of which contained the name of the intervention group. The participants
were consecutively recruited to the randomization list by the project leader. The envelopes were

opened in sequential order. Randomization codes were not accessed until all measurements



were completed. Assessors were blinded to treatment allocation. Participants were informed of
the 3 possible group allocations but were not informed about the aims of the experimental
versus control conditions. Data analysts were not blinded. To keep assessors blinded,
participants and intervention therapists were instructed not to reveal treatment allocation or

participants’ study experiences to the assessors.

Procedures

The authors and therapists had extensive practical clinical experience with both R-MT and H-
RT. In both intervention groups, participants attended 2 sessions a week over 12 weeks. All
intervention costs were covered. Although both interventions created an enriched, multisensory
environment designed to stimulate various motor and cognitive functions, they differed in
dosage, execution, activities, and targeted outcomes (File II in the online-only Data
Supplement; Panel II). Participants in the delayed R-MT group (controls) were instructed not
to start any new therapies during the duration of the study but were allowed to continue with
their regular activities and usual care. Evaluation was conducted at baseline, directly at the end

of the 12-week-long intervention, as well as at 3 and 6 months post-intervention (Figure 1).

Outcomes

The primary outcome measure was the individual’s global perception of stroke recovery, using
item 9 (Stroke Recovery) of the Stroke Impact Scale (SIS, version 2.0).!> This item was
presented in the form of a visual analogue scale from zero to 100, with zero indicating “no
recovery” and 100 indicating “full recovery”. This scale has been shown to be well-suited for

assessing stroke-specific improvements for patients undergoing rehabilitation. >

Observer-assessed outcome measures were reported at 0 and 6 months post intervention using

validated tests. Gait and balance were measured with the Timed Up and Go test; the Berg



Balance Scale (BBS) and the Béckstrand, Dahlberg and Liljends Balance Scale (BDL-BS).
Hand strength was measured with Grippit, general cognitive level was measured with the
Barrow Neurological Institute screen for higher cerebral functions, and working memory was
measured with the letter-number sequencing test. A detailed description of all secondary
outcome measures is given in File III in the online-only Data Supplement. The BDL-BS and
the Grippit were added as outcome measures after the trial was initiated and therefore only 92
participants underwent these assessments. Safety and adverse events were noted throughout the

trial.

Statistical analysis

A Chi-square test was used for statistical calculations in nQuery 6.0 with an alpha level of 5%
and a power goal of 80%. The required sample size was determined on the basis of the SIS item
Stroke Recovery. Based on existing literature, we considered an increase equivalent to 10%
(10 points) of the total range of the scale as clinically relevant.?® A clinically meaningful
difference between the two groups (intervention group vs. control group) was defined as an
absolute difference of 30%. To satisfy the power criteria of 80%, at least 41 patients were

required in each of the 3 groups. A data monitoring committee oversaw the trial.

The outcome was analyzed in terms of change from baseline to each measurement point using
the intention-to-treat population. Missing data were replaced using last observation carried
forward. Baseline and demographic characteristics were summarized using descriptive
statistics. Since baseline characteristics were well balanced between the groups, 1-way
ANOVA was used. To ascertain if there were any significant between-group differences
(treatment versus control), post hoc analyses with least significant difference were made. Effect

size was calculated using percent improvement = [(postintervention group mean - pretest group



mean) divided by (pretest group mean)] x 100. Control participants in the delayed R-MT group

were asked to complete the SIS questionnaire directly after the intervention.

Statistical differences between groups for the primary outcome variable SIS item Stroke
Recovery was also tested using the chi-square test (Cochran-Mantel-Haenszel, corrected for
gender and hemispheric location). On the basis of previous estimates,?® this was done by
dichotomizing data into the categories improved or unchanged/deteriorated, where improved
(i.e. clinically meaningful change) was defined as any increase equivalent to 10 points of the
total range of the scale. An ANCOVA for the primary outcome variable stroke recovery was
performed (as a part of the analysis of change score) utilizing the baseline value as covariate.
The ANCOVA and ANOVA models produced similar outcomes why conclusions are based on
the outcomes of ANOVA analyses. All tests were two-sided and had p<0.05 as the level of

significance. Analyses were done using SPSS v.22.0 (IBM Corp., Armonk, NY).

Sensitivity analyses to investigate robustness of the results were performed including a per-
protocol analysis and the non-parametric Kruskal-Wallis test as a complementary sensitivity
approach.?! Any discrepancies between ANOVA and Kruskal-Wallis test in terms of
significances were noted. The potential impact of outliers was assessed with respect to influence
on estimates of treatment effects. Analyses of the between-group differences were performed
with the outliers removed. Discrepancies between the principal results and the sensitivity

analyses are presented.

RESULTS

A total of 5238 individuals with a history of stroke were screened (Figure 1). The most frequent
reasons for exclusion were (in descending order): disability rated <2 on modified Rankin Scale;

living >80 km from Gothenburg; disability rated >3 on modified Rankin Scale; and need for



personal assistance in activities of daily living. A total of 151 individuals were clinically tested
for eligibility. Of these, 123 were eligible and agreed to participate. One participant in the R-
MT group died, and of the remaining 122 subjects, 8 (7%) dropped out (5 at post-intervention,
1 at 3 months, and 2 at 6 months; Figure 1). Demographics of the study participants are
presented in Table 1. All the baseline results were well-balanced with no significant between-
group differences (File IV in the online-only Data Supplement). Mean attendance rates at the
R-MT and H-RT were 88% and 83% respectively, equivalent to at least 21 treatment sessions
(SD, 4) for the R-MT and 20 sessions (SD, 5) for the H-RT group. The interventions caused no

serious adverse effects or injuries.

Findings for the primary outcome of the SIS item Stroke Recovery are summarized in Figure
2. Analyses of data dichotomized to improved or unchanged/deteriorated showed that the
proportion of individuals who reported experiencing a meaningful recovery was significantly
higher in the R-MT group (38%) and H-RT group (56%) compared with controls (17%), at
post-intervention (p=0.048 and p <0.0001, respectively). These results were sustained at
3 (p=0.002 and p=0.012, respectively) and 6 months follow-up (p=0.054 and p=0.001,
respectively) (Fig 2A). The Cochran-Mantel-Haenszel analyses revealed statistically significant
outcome for group allocation at post-intervention (p=0.002), 3 (p=0.008), and 6 month
(p=0.004), but neither sex nor hemispheric location had any statistically significant effect on

the results.

The change in the perception of stroke recovery from baseline to each evaluation point is
presented as mean (95% confidence interval) in Figure 2B. Post-intervention, there was a
significant difference between groups with respect to the change in the perception of stroke
recovery; p=0.001 (1-way ANOVA). Further analyses with least significant difference showed

that the change in the perception of recovery was higher among R-MT (5.2 [95% CI = .79 to
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9.61]) and H-RT participants (9.8 [95% CI = 6.00 to 13.66]), compared with controls (-.5 [95%
CI = -3.20 to 2.28]) (p=0.032 and p <0.0001, respectively). The effect sizes calculated as
percent improvement (95% CI) for the three study groups were R-MT: 12.4 (1.5 to 13.3); H-
RT: 23.8 (12.2 to 35.4); and Control: .7 (-5.0 to 6.3). The improvements were sustained at 3
months (p=0.006 and p=0.004, respectively) and again at 6 months (p=0.001 and p=0.007,
respectively). The ANCOVA models calculated at post-intervention and at the 3 and 6 month
follow-up produced similar results as ANOVA. The difference between groups was still in
favour of the H-RT group, and there was also a similar trend in the R-MT group (p=0.001 and
p=0.066, respectively). Notably, thirty-five participants in the control group completed the SIS
questionnaire after finalization of the R-MT and showed improvement on the SIS recovery scale

similar to the participants in the R-MT study group (mean: 5.6; 95% CI: 2.37 to 8.86) (Fig 2b).

Changes in observer-assessed gait ability and balance for the three study groups at treatment
completion and at 6 months are summarized in Table 2. At treatment completion, one-way
ANOVA showed a significant difference in the mean change in gait ability, as measured with
Timed Up and Go test. Further analyses with least significant difference ascertained that this
difference was ascribed to the H-RT group (-3.31 [95% CI = -5.42 to -1.20]) as compared with
controls (1.78 [95% CI=-1.24 to 4.77]) (p=0.001). There was also a significant difference with
respect to balance, as measured with Berg Balance Scale and BDL-BS. Further group analyses
revealed that the difference with respect to Berg Balance Scale was in favor of the H-RT group
(1.80 [95% CI = 1.10 to 2.51]) as compared with controls (0.12 [95% CI = -0.52 to 0.76])
(p=0.001). The difference with respect to BDL BS was ascribed to both the R-MT group (2.72
[95% CI = 1.57 to 3.88]) and H-RT group (2.82 [95% CI = 1.85 to 3.78]) compared with
controls (1.03 [95% CI = 0.07 to 1.99]) (p=0.011 and p=0.011, respectively). At 6 months, the

difference in gait ability and balance (as measured with Timed Up and Go test and BDL-BS,
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respectively) remained significant. Further analysis demonstrated that the difference in gait
ability was significant in favor of the H-RT group (-2.26 [95% CI = -4.22 to -.31]) as compared
with controls (1.34 [95% CI = -1.39 to 4.06]) (p=0.010). The difference in balance was
significant in favor of the R-MT group (2.53 [95% CI = 1.12 to 3.28]) compared with controls

(1.78 [95% CI = -0.40 to 1.23]) (p=0.014).

Changes in grip strength are summarized in Table 3. After treatment completion, 1-way
ANOVA showed significant differences in the mean changes in right-sided maximum and left-
sided final grip force, as measured with Grippit. A significant difference in the left-handed
maximum grip force was also detected. Subsequent least significant difference analyses
ascertained that the R-MT group significantly improved their right-sided maximum grip force
(16.41 ([95% CI = 5.65 to 27.17]) and left-sided final grip force (17.26 [95% CI = 6.19 to
28.33]) compared with controls (-1.29 [95% CI =-7.99 to 5.41]) and (.55 [95% CI =-7.07 to
8.17]), respectively (p=0.015 and p=0.042, respectively). The left-sided improvements were

sustained at the 6-month follow-up (p=0.011).

Changes in general cognition and working memory are summarized in Table 4. For working
memory, measured with letter-number sequencing test, the overall group analysis exhibited a
statistically significant difference at 6 months. The subsequent 2 sample comparisons
demonstrated that the favorable improvement was ascribed to the R-MT group (1.15 [95% CI

= 0.44 to 1.87]) as compared with controls (0.10 [95% CI =-0.57 to 0.77]) (p=0.044).

The sensitivity analyses®! including the per-protocol analysis, showed consistency with the

findings from the primary intention-to-treat analyses, and there were no discrepancies between

ANOVA and the Kruskal-Wallis test in terms of significance. The potential impact of outliers
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was also assessed and the exclusion of outliers did not change the reported significant results,
with one exception: the overall group difference for working memory at 6 months just fell short

of significance (p=.057) after this exclusion.

DISCUSSION

This randomized, controlled study showed that it is possible to enhance perceived recovery
using multimodal interventions applied in late phase after stroke. Compared with standard care
(controls), both H-RT and R-MT led to an increase in global perception of recovery that was
sustained over 6 months. Participants in the H-RT group also had higher scores on gait and
balance tests (Timed Up and Go test and Berg Balance Scale, respectively) and participants in
the R-MT group had higher scores on balance (BDL-BS) and grip strength (Grippit) tests
compared with controls. Most of these differences were also sustained for 6 months. A
difference in working memory was also observed in the RMT group 6 months after the

intervention.

The study was conducted in a mixed population of late-phase stroke survivors aged 50 to 75
years who had a range of cognitive and physical dysfunctions. This is particularly important
since stroke leads to a broad range of functional deficits and behavioral limitations, and thus
constitutes a major long-term challenge with respect to treatments and interventions.??
Perceived stroke recovery -- a measure that can accommodate and reflect important aspects of
this wide range and variety of deficits'*--improved in both the H-RT and R-MT groups relative
to the control group, despite the heterogeneity of the participants’ functional deficits and the
long time after their stroke. This is encouraging since the individuals’ perception of recovery is
linked to how they experience their level of handicap.!® !” Results from randomized control

trials showing sustained improvement in the late chronic stage after stroke are still sparse. While
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there is a need for larger confirmatory controlled cross-over studies, the present study provides
encouraging proof of principle and supports the contention that meaningful improvements are

achievable long time after the acute and sub-acute phases after stroke.

Although some criticism may be raised against the selection of the SIS item Stroke Recovery
as the primary outcome measure, the relevance of this measure has previously been evaluated
with respect to the complex, multidimensional nature of stroke sequelae.'> 2% 23 The Stroke
Recovery item is a global measure that captures all aspects of stroke that may influence health-
related quality of life and the person’s own perception of effect of the intervention.!® This
enabled us to evaluate a broad stroke population with a wide range and variety of deficits. The
combination of this broad measure with the more specific and objective secondary outcome
measures contributed to the strength of the study. However, the study was not powered to detect

between-group differences for all secondary outcome measures.

In intervention studies where it is not possible to blind participants to the study design,
comparison groups not obtaining the desirable treatment may suffer resentful demoralization,
become discouraged and, as a result, perform worse on the outcome measures. In order to
minimize the potential effects of resentful demoralization, the control group was offered R-MT
1 year after their inclusion. This was to provide an element of expectation, which in itself could
contribute to perception of recovery. There was no decline in performance on the primary or
secondary outcomes in the control group between baseline and follow-up, which further
strengthens the validity of the study. The observed improvement of self-perceived recovery in
the control group at completion of the R-MT intervention also supports the conclusion that this

therapy can promote recovery in late phase after stroke.
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Additional strengths of the study included: a concealed and methodologically rigorous design;
randomization stratified by sex and brain laterality (factors that may affect outcomes in
rehabilitation trials); an intention-to-treat analysis as well as a per-protocol analysis; adherence

to the CONSORT guidelines for clinical trials;'® and high adherence and a low drop-out rate.

Even if the outcome from this study is encouraging, it has some limitations. The participants
were recruited from a comprehensive hospital-based register, including almost all stroke cases
in the broader Gothenburg area. Although this is a strength, the small number of recruited
subjects (123) selected from the whole primary cohort (5328), impacts on the external validity
of the study. Clinical trials often use excessively strict enrolment criteria, thereby excluding
many individuals who could potentially benefit from new interventions thus limiting
generalizability to clinical practice.?* Many of the excluded individuals were not randomized
into the current study due to their geographical location, as that would have made it practically
difficult for the individual to attend the program. In addition, an inclusion of the well-recovered
participants, such as in the largest exclusion group modified Rankin Scale 0-1 would probably
not have been cost-effective due to their mild deficits and individuals with severe disabilities

were not considered for these therapies due to problems to participate.

Another potential limitation of this trial concerns the active intervention versus no intervention
design. The design does control for the passage of time and attention from the evaluators but
having a passive control group does not eliminate the attention from the study personnel

carrying out the interventions.

The differences in the secondary outcome measures observed between the participants in the

H-RT and R-MT groups may have several explanations including differences in dose and
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intensity. The H-RT group received more total intervention time, including time for socializing,
and this could be one factor underlying the slightly better overall outcome after this therapy.
The results could also be explained by the nature and unique combination of modalities used in
each of these interventions. H-RT involves rhythmic movement of the horse, which continually
challenges the rider’s posture and gives vestibular, proprioceptive and visual input that may
facilitate the observed improvements in gait and balance seen in the H-RT group.!! On the other
hand, R-MT involves repeated motor skill training, postural stability and weight shifting, in
combination with rhythmic, coordinated hand movements that tentatively facilitate the
improvements in balance and grip strength seen in the R-MT group. The observed
improvements in working memory in the R-MT group may reflect the cognitively challenging
nature of R-MT. The improvements achieved by both interventions were sustained for at least
6-months post-intervention (i.e. until the final evaluation time point) showing that 12 weeks of
moderately intense therapy in late phase after stroke can have long lasting effects. While earlier
studies also support the potential benefits of H-RT, R-MT, and rhythmic auditory stimulation
on balance, gait, mobility, language and cognition in stroke patients >’ 1> 13 they were based on
different study designs. Whether H-RT or R-MT lead to persisting perception of recovery,
changes in brain plasticity beyond 6 months or long-term life style alterations warrants further

investigation.

Both R-MT and H-RT broadly create a stimulating environment in which participants, with
high levels of adherence, engage concurrently in physical, mental and social activities. The
combination of different modalities in multimodal interventions is expected to have additive or
even synergistic effects on brain plasticity underpinning stroke recovery.!* However, it is
currently not known which individual component or combinations of modalities that render the

best outcome in multimodal interventions. Some guidance is provided from studies where post-
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stroke animals are housed in enriched environment (EE).> EE includes several different
components such as social stimulation, sensorimotor and cognitive stimulation and exercise.”
425 Several studies show that EE is more effective than any of the individual components in
promoting recovery after brain injury." >4 Recent clinical studies have also shown that stroke
rehabilitation in the early post-acute phase is most effective when performed in an engaging
environment that provides novel and multisensory stimulation.?>2° This is further supported by
studies showing additive effects of social activity, exercise, music and dance on cognitive
improvement in healthy elderly individuals as well as in patients suffering from Parkinson’s
disease.!” In the present study, we show that sustained improvement can occur in late phase

after stroke as a result of multimodal intervention.

SUMMARY

This study demonstrates that multimodal rehabilitation can lead to meaningful and sustained
improvement when applied to individuals with moderate levels of disability in the late post-
stroke stage. It also shows the promise of using different modality combinations in order to
address the individual needs of stroke survivors. These results support long-term engagement
in multimodal rehabilitation programs for individuals with persistent disabilities after stroke.
Future research should further assess the effectiveness of multimodal therapies post-stroke
including dose and timing of the interventions. The cost-benefit aspects of these therapies

should also be addressed and further investigated.
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FIGURE LEGEND
Figure 1: Trial profile with the evaluation at the end of the 12-week intervention period as the

primary endpoint.

Figure 2a. The proportion of participants who perceived themselves as improved at each
evaluation point compared to baseline for all three study groups; b. The change in the
perception of stroke recovery from baseline to each evaluation point is presented as mean
(95% CI). The control group improved in line with the study groups after they received R-

MT (cross-over).
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TABLES

Table 1: Demographic characteristics of study participants.

R-MT (n=41) H-RT (n=41) Control (n=41)

Variable
Sex: Women/Men (%) 18 (43.9)/ 23 (56.1) 17 (41.5)/ 24 (58.5) 19 (46.3)/ 22 (53.7)
Age in years 62.7 (6.7) 62.6 (6.5) 63.7 (6.7)
Years of schooling 14.2 (4.1) 12.5 (4.2) 13.5 (4.3)
Time since stroke onset in days 969.8 (422.9) 1101.9 (576.1) 1096.3 (439.0)
Site of the stroke lesion

Right (%)/Left (%) 20 (48.8)/21(51.2)  20(48.8)/ 21 (51.2) 18(43.9)/22(53.7)

Stroke type

Haemorrhage (%)/Infarct (%) = 9 (22.0)/ 32 (78.0) 14 (34.1)/ 27 (65.9) 13 (31.7)/ 28 (68.3)
Modified Rankin Scale

Grade 2 (%)/Grade 3 (%) 24 (58.5)/ 17 (51.5)  23(56.1)/ 18 (43.9) 25 (61.0)/ 16 (39.0)
NIHSS 3.0(2.9) 2.7(3.1) 2.8 (3.6)
Data are number (%) or mean (SD). H-RT = Horse-riding therapy; R-MT = Rhythm-and-music therapy;
NIHSS = The National Institutes Health Stroke Scales.
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Table 2: Changes in gait and balance for the three study groups post intervention and at the 6-month
follow-up according to ITT.

Between-group

Within-group changes from baseline to follow-up differences
F-ratio = ANOVA
R-MT (n=40) H-RT (n=41) Control (n=41) P P

Change from baseline to post-intervention
TUG (sec)  -0.54 (-1.10 to 0.02) -3.31(-5.42t0-1.20)§ 1.78(-1.24t04.77)  5.75 0.004
BBS 0.98 (0.11 to 1.84) 1.80 (1.10 to 2.51)§ 0.12 (-0.52t0 0.76)  5.35 0.006
BDL-BS 2.72(1.57t03.88)f *  2.82(1.85t03.78)f ¥ 1.03(0.07to 1.99)F  4.50 0.013
Change from baseline to 6-month follow-up
TUG (sec)  -1.08 (-1.77 to -0.39) -2.26 (-4.22 to -31)§ 1.34 (-1.39t0 4.06)  3.51 0.033
BBS 1.21 (-0.04 to 2.44) 1.12 (-0.03 to 2.21) 0.20 (-0.44t0 0.84)  1.23 0.294
BDL-BS 2.53(1.12 to 3.28)§ 1.02 (-0.12t0 2.17)F  1.78 (-0.40 to 1.23)T  3.20 0.044
Data are mean (95% CI). Data available for: * 36; + 38; participants.
Single group difference vs. controls: { =P <.05; § =P <.01.
BBS = Berg balance scale; BDL-BS = Béckstrand, Dahlberg, and Liljends balance scale; H-RT = Horse-riding
therapy; R-MT = Rhythm-and-music therapy; TUG = Timed up and go.
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Table 3: Changes in hand strength for the three study groups at post-intervention and at the 6-months
follow-up according to ITT.

R-MT (n=29)

Change from baseline to post-intervention

Right hand
GRIPPIT max (N)
GRIPPIT mean (N)
GRIPPIT final (N)
Left hand
GRIPPIT max (N)
GRIPPIT mean (N)
GRIPPIT final (N)

16.41 (5.65 to 27.17)*
12.24 (2.69 to 21.79)
9.79 (-3.28 t0 22.87)

17.01 (4.43 to0 29.59)
13.90 (3.58 to 24.21)
17.26 (6.19 to 28.33)*

Change from baseline to 6-month follow-up

Right hand
GRIPPIT max (N)
GRIPPIT mean (N)
GRIPPIT final (N)
Left hand
GRIPPIT max (N)
GRIPPIT mean (N)
GRIPPIT final (N)

12.18 (-2.36 t0 26.72)
13.48 (2.70 to 24.26)
10.80 (-1.76 to 23.37)

16.49 (4.41 to 28.57)*
12.14 (2.53 to 21.76)

15.06 (4.95 t0 25.17)

H-RT (n=31)

6.49 (-5.69 to 18.68)
7.86 (-1.83 to 17.55)
8.86 (-1.47 to 19.19)

6.33 (-5.56 to 18.22)
7.04 (-3.59 to 17.67)
2.88 (-8.52 to 14.27)

1.02 (-9.98 to 12.02)
3.72 (-7.39 to 14.83)
8.88 (-2.23 to 19.99)

3.23 (-7.36 to 13.82)
5.29 (-4.56 to 15.15)
5.68 (-5.26 to 16.61)

Control (n=32)

129 (-7.99 to 5.41)
2.89 (-3.56 t0 9.34)
5.13 (-1.99 to 12.24)

46 (-5.23 10 6.15)
58 (-4.80 t0 5.97)
55(-7.07 t0 8.17)

-2.64 (-12.18 t0 6.91)
1.15 (-6.36 to 8.66)
-1.33 (-10.10 to 7.43)

-2.96 (-12.19 t0 6.27)
0.08 (-8.31 to 8.47)
-7.22 (-16.26 to 1.82)

Data are mean (95% CI). Single group difference vs. Controls: * =P <.05; + =P <.01.

F-ratio

3.09
1.15
0.23

2.54
2.13
3.09

1.74
1.72
1.53

2.50
1.69
5.07

ANOVA
P

0.050
0.320
0.798

0.085
0.125
0.050

0.181
0.184
0.223

0.034
0.190
0.008

H-RT = Horse-riding therapy; R-MT = Rhythm-and-music therapy; GRIPPIT final = The sustainability of grip force

measured during the last 0.5 second.

25



Table 4: Changes in general cognitive level and working memory for the three study groups at post-
intervention and at the 6-month follow-up according to ITT.

F-ratio = ANOVA

R-MT (n=40) H-RT (n=41) Control (n=41) P
Change from baseline to post-intervention
BNIS 0.66 (-0.23 to 1.56) 1.06 (-0.01 to 2.13) 0.56 (-0.23t0 1.35)  0.34 0.72
LNS¥t 0.92 (0.16 to 1.69) 0.45 (-0.35 to 1.25) 0.18 (-0.51t0 0.87) = 1.02 0.37
Change from baseline to 6-month follow-up
BNIS 1.29 (0.25 t0 2.33) 1.33 (0.36 t0 2.3) 1.7 (0.74 to 2.65) 0.21 0.81
LNSt 1.15(0.44t0 1.87) * 0 (-0.77 t0 0.77) 0.10(-0.57t0 0.77) 3.2 0.04

Data are mean (95% CI). Single group difference vs. controls: * = P <.05.
+Not able to do LNS due to severe aphasia: R-MT=1; H-RT=1; Control=2; participants.

BNIS = Barrow Neurological Institute Screen for Higher Cerebral Functions; LNS = Letter-Number Sequencing.
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