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Exploration of measurement instruments and the effects on sitting balance 

after hippotherapy intervention in children with Cerebral Palsy 

 

Research question 

Which measuring instruments are used to evaluate the effectiveness of hippotherapy on the 

sitting balance in children with Cerebral Palsy? 

Highlights  

- Measurement instruments that could be used to assess the effect of hippotherapy on 

sitting balance in children with Cerebral Palsy are limited. 

- Both technological and functional measurement instruments are sensitive to detect 

changes in sitting balance after hippotherapy in children with Cerebral Palsy. 

- Currently, none of the measurement instruments available in literature are 

specifically designed to assess sitting balance on the back of a horse. 

Names of the students: Kaat Hombroux & Aude Van Dessel 

Promotors and co-promotors: Prof. dr. Katrijn Klingels, Msc. Katrijne Severi & dr. Evi 

Verbecque 
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CONTEXT 

This systematic literature research is part of the broader research field: pediatrics 

rehabilitation. 

Children with Cerebral Palsy (CP) face various difficulties in daily living, for example, 

maintaining sitting balance is one of the major challenges for this population. Even though 

hippotherapy is a relatively unknown training approach, it has proven to be an important one. 

It has been shown that hippotherapy intervention is an effective treatment strategy to 

improve balance problems in children with CP. However, the effect on sitting balance 

specifically is not widely described in literature. The trunk is a central key point in stability, 

which is impaired in children with CP. If stability is adequate, it forms a good base for mobility. 

For physical therapists it is important to know about the effects of hippotherapy on sitting 

balance and how the assessment takes place. In that way, therapists can provide the best 

possible patient-centered care. This systematic literature research aimed to explore different 

measurement instruments that assess the effectiveness of hippotherapy intervention on 

sitting balance in children with CP.  

This study is part of the start-up research line “Children with CP” and is conducted at the 

request of and in cooperation with school and care institution Sint-Gerardus in Diepenbeek, 

Belgium. Further data collection will take place at the practical setting itself. A central format 

will be followed. 

Research questions were formulated by the students in agreement with the promotors of this 

master thesis. Systematic literature search has been conducted independently by both 

students and disagreements have been solved in a consensus meeting. Additionally, the 

research protocol for this pilot study was described by both students and a consensus was 

also reached. 
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1. ABSTRACT 

Background: Sitting balance deficits are a common problem in children with Cerebral Palsy 

(CP), for which hippotherapy is an effective intervention. However, its effectiveness cannot be 

assessed yet while seated on the back of a horse. Therefore, the current study aims to explore 

and analyze different measurement instruments used to evaluate the effectiveness of 

hippotherapy on sitting balance in children with CP.   

Method: A systematic literature search was conducted in PubMed, Web of Science and 

Scopus. Methodological quality was assessed by the PEDro and SIGN-checklist. Characteristics 

of the population, interventions and measurement instruments were extracted. 

Results: Functional and technological measurement instruments can be used to assess sitting 

balance. Three functional scales were reported: Sitting Assessment Scale, Segmental 

Assessment of Trunk Control and Gross Motor Function Measurement. Technological 

measurements included Center of Pressure movement/velocity and lateral trunk deviation. 

Both types of measurement instruments were sensitive to change. 

Discussion and conclusion: Measurement instruments that could be used to evaluate the 

effect of hippotherapy on sitting balance in children with CP are limited and none are 

specifically designed to assess sitting balance on the back of a horse. Therefore, development 

of a new scale is recommended. 

Aim of the study: Evaluation of the psychometric measurement properties of a new 

measurement instrument Hippotherapy Trunk Control (HippoTrunC) in children with CP.  

Operationalization of research question: A hippotherapy intervention will be conducted to a 

single group of children with CP. Psychometric measurement properties of different items of 

HippoTrunC will be evaluated.  

Keywords: “postural balance”, “equine-assisted therapy”, “hippotherapy”, “sitting balance” 
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2. INTRODUCTION 

Cerebral Palsy (CP) is one of the most common causes of disability in childhood and is 

described as a range of non-progressive syndromes of posture and motor impairment (Koman, 

Smith, & Shilt, 2004). It is the result of a permanent lesion of the cerebral motor cortex that 

occurs prenatally, at birth or within two years postnatally (Koman et al., 2004). According to 

the International Classification of Functioning, Disability and Health for Children and Youth 

model (ICF-CY) (WHO-FIC.), children with CP experience impairments on function level, activity 

limitations and participation restrictions. The neuromuscular disease manifests itself in a wide 

spectrum of impairments. “More than 50% of patients with the disorder can walk without arm 

assistance; 25% cannot walk, and 30% are mentally impaired. Neurological problems are 

common and include seizures (35%), sensory impairment of the arms (97%), hydrocephalus 

(9%), autonomic dysfunction, impairment of visual perception (20-40%), and learning 

disabilities” (Koman et al., 2004, p. 1). Another common limitation in this population is the 

delay of a major developmental milestone, sitting (Banas & Gorgon, 2014). Poor selective 

motor control especially in the trunk contributes to poor sitting (Harbourne, 2010). Shumway-

Cook and Woollacott (2017) defined balance as the ability to maintain the center of mass 

within the limits of base of support, which is dependent on the requirements of the task and 

environment. Adequate sitting balance is needed to safely manage activities of daily living and 

to engage in sport-related activities for example riding a bicycle (Kiss, Schedler, & Muehlbauer, 

2018). 

There is a wide range of treatment options to maintain or improve the functionality in children 

with CP. Traditional physiotherapy, bracing, and orthopedic musculoskeletal surgery are the 

most prescribed treatment strategies (Koman et al., 2004). Other approaches such as 

hippotherapy or horseback riding simulator as intervention for CP were supported by a 

moderate level of evidence (Dewar, Love, & Johnston, 2015). Moreover, Meregillano (2004) 

describes hippotherapy as a powerful treatment tool. The horse can be seen as a dynamic 

treatment tool which mimics human gait patterns and thereby stimulates motor and 

proprioceptive systems and improves flexibility, balance and muscle strength (Meregillano, 

2004). The benefits of hippotherapy on balance are widely described and proven in literature. 

A lot of studies have investigated the effects on gross motor function, standing balance and 

gait (Dominguez-Romero, Molina-Aroca, Moral-Munoz, Luque-Moreno, & Lucena-Anton, 
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2019; K.-H. Kim & Lee, 2020; Zadnikar & Kastrin, 2011). In contrast with sitting balance, an 

outcome measure that is not often applied.  

Given the importance of functional sitting balance and the benefits of hippotherapy, it is 

necessary that clinicians can evaluate sitting balance objectively with a standardized tool. 

Technological measurement instruments, such as computerized force platforms, measure 

each movement accurately but are expensive and not always feasible in clinical practice. 

Besides that, very few functional measurement tools are available for clinical use (Banas & 

Gorgon, 2014). Furthermore, little is known about scales specifically designed for assessing 

the effects of hippotherapy on the sitting balance problems in children with CP. Given the 

emergence of sports therapy as treatment for balance problems in children with CP, the 

benefits of hippotherapy should be objectively evaluated (K.-H. Kim & Lee, 2020).  

An improved sitting balance can offer the children several benefits in activities of daily life, 

therefore the aim of this systematic literature review is to explore the different measurement 

instruments used to evaluate the effectiveness of hippotherapy on the sitting balance of 

children with Cerebral Palsy. Furthermore, it remains to be seen whether or not a feasible 

assessment tool is already available or needs to be developed in the future.  
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3. METHOD 

3.1 Aim of the study 

The aim of this literature search is to analyze different measuring scales used to evaluate the 

effectiveness of hippotherapy on the sitting balance of children with Cerebral Palsy. 

 

3.2 Search strategy 

A systematic literature search of articles was executed until January 19th 2021 using the 

following electronic databases: PubMed, Scopus, and Web of Science (WOS). Search terms 

were designed to include the intervention (‘Hippotherapy’ OR ‘equine therapy’ OR ‘equine-

assisted therapy’ OR ‘horse therapy’ OR ‘horse riding’ OR ‘horseback riding’), and outcome 

(‘sitting balance’ OR ‘trunk control’ OR ‘core stability’ OR ‘postural balance’ OR ‘sitting 

position’ OR ((‘sitting’ OR ‘sit’ OR ‘seated’ OR ‘trunk’) AND (‘balance’ OR ‘postural control’ OR 

‘postural balance’ OR ‘stability’ OR ‘posture’ OR ‘postur*’ OR control’))) of interest. The search 

string was adapted for each database, search strings and queries are shown in Table 1. No 

filters were applied. The secondary searches included reference list checking of the included 

articles. 

Table 1  
Search strategy 

Databases Search string 

PubMed (("hippotherapy"[Title/Abstract] OR "equine therapy"[Title/Abstract] OR "equine-
assisted therapy"[Title/Abstract] OR "equine-assisted therapy"[MeSH Terms] OR 
"horse therapy"[Title/Abstract] OR "horse riding"[Title/Abstract] OR "horseback 
riding"[Title/Abstract]) AND ("trunk control"[Title/Abstract] OR "core 
stability"[Title/Abstract] OR "sitting position"[Title/Abstract] OR "sitting 
balance"[Title/Abstract] OR “postural balance”[MeSH Terms] OR 
(("sitting"[Title/Abstract] OR "sit"[Title/Abstract] OR "seated"[Title/Abstract] OR 
"trunk"[Title/Abstract]) AND ("balance"[Title/Abstract] OR "postural 
control"[Title/Abstract] OR "postural balance"[MeSH Terms] OR 
"stability"[Title/Abstract] OR "posture"[MeSH Terms] OR "postur*"[Title/Abstract] OR 
"control"[Title/Abstract]))))  

Web of 
Science 

TS=((hippotherapy OR equine therapy OR  equine-assisted therapy OR horse therapy 
OR horse riding OR horseback riding) AND (trunk control OR core stability OR sitting 
position OR sitting balance OR postural balance OR ((sitting OR sit OR seated OR trunk) 
AND (balance OR postural control OR postural balance OR stability OR posture OR 
postur* OR control)))) OR TI=((hippotherapy OR equine therapy OR equine-assisted 
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therapy OR equine-assisted therapy OR horse therapy OR horse riding OR horseback 
riding) AND (trunk control OR core stability OR sitting position OR sitting balance OR 
postural balance OR ((sitting OR sit OR seated OR trunk) AND (balance OR postural 
control OR postural balance OR stability OR posture OR postur* OR control))))  

Scopus ( TITLE-ABS-KEY ( hippotherapy )  OR  TITLE-ABS-KEY ( "equine therapy" )  OR  TITLE-
ABS-KEY ( "equine-assisted therapy" )  OR  TITLE-ABS-KEY ( "horse therapy" 
)  OR  TITLE-ABS-KEY ( "horse riding" )  OR  TITLE-ABS-KEY ( "horseback riding" ) 
)   AND  ( ( ( TITLE-ABS-KEY ( "sitting balance" )  OR  TITLE-ABS-KEY ( "postural balance" 
)  OR  TITLE-ABS-KEY ( "core stability" )  OR  TITLE-ABS-KEY ( "trunk control" )  OR  TITLE-
ABS-KEY ( "sitting position" ) ) )  OR  ( ( ( TITLE-ABS-KEY ( sitting )  OR  TITLE-ABS-KEY ( 
sit )  OR  TITLE-ABS-KEY ( seated )  OR  TITLE-ABS-KEY ( trunk ) ) )  AND  ( ( TITLE-ABS-
KEY ( balance )  OR  TITLE-ABS-KEY ( "postural control" )  OR  TITLE-ABS-KEY ( "postural 
balance" )  OR  TITLE-ABS-KEY ( stability )  OR  TITLE-ABS-KEY ( postur* )  OR  TITLE-ABS-
KEY ( control ) ) ) ) )  

 

 

3.3 Eligibility criteria and selection process 

The selection criteria were applied by two independent investigators in two phases (phase 1: 

title and abstract, phase 2: full-text). After each screening phase, the results were discussed 

by the two investigators until a consensus was reached. 

References of both included studies after phase 2 and studies excluded in phase 2 due to study 

(systematic) review design, were screened and included if they met the selection criteria. 

Relevant studies were selected for inclusion if they fulfilled the following criteria: 

1. Intervention: Hippotherapy intervention or hippotherapy simulators that mimic the 

walking of a real horse had to be reported. Interventions where no riding was 

described or horses only were used to assist children with socio-emotional difficulties 

were excluded. 

2. Outcome: Measurement instruments for evaluating sitting balance had to be 

reported. Both functional and technological assessment tools specifically intended for 

measuring balance in the sitting position were included. All studies in which another 

outcome than sitting balance was evaluated e.g. standing balance, spasticity, 

alignment, gross motor skills, etcetera were excluded. 

3. Population: Study participants were children diagnosed with CP. Participants were not 

excluded based on degree of disability. As such, children classified as Gross Motor 

Function Classification System (GMFCS) level I to level V were included in this study. 
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All studies were excluded in which not CP but another disorder was the primary 

population of interest e.g. elderly diagnosed with Multiple Sclerosis (MS), children 

diagnosed with Autism Spectrum Disorder (ASD), children diagnosed with Down 

Syndrome and other neurological or neurodevelopmental disorders.  

4. Study design: Randomized and clinical, controlled trials and cohort studies were 

considered relevant. All other study designs were excluded, e.g. (systematic) reviews 

and meta-analyses, case-control studies etcetera. 

5. Publication language: Studies had to be written in English or Dutch.  

 

3.4 Methodological quality assessment of the individual studies 

The PEDro scale (Cashin & McAuley, 2020) was used as a valid and reliable rating tool to assess 

methodological quality of randomized and clinical controlled trials included in this review.  The 

scale consists of 11 items related to the internal validity (item 2-11) and external validity (item 

1). Studies receiving a score lower than 4, were graded ‘poor’, 4 to 5 were graded ‘fair’, 6 to 8 

were graded ‘good’, and a score 9 to 10 were graded ‘excellent’ (Cashin & McAuley, 2020). 

To assess the risk of bias in cohort studies, the Scottish Intercollegiate Guidelines Network 

(SIGN) checklist for cohort studies was used (Scottish Intercollegiate Guidelines Network, 

2014). The SIGN checklist is a validated risk of bias assessment tool. The checklist assesses 

internal validity and provides an overall quality assessment. The studies’ overall quality can be 

rated as high quality when ≥ 8/10 criteria were met, as acceptable quality when 4-7/10 criteria 

were met, and as low quality when ≤ 3/10 criteria were met.  

The methodological quality of the articles was evaluated independently by two investigators 

and differences were solved by consensus between these two investigators. 

 

3.5 Data-extraction and -synthesis 

After applying the selection criteria and methodological assessment, specific data were 

extracted from the included articles by one of the authors and checked by another one.  First, 

population characteristics (sample size, number of participants per group, mean age, sex 

distribution, and type of CP) and characteristics of included intervention (type of intervention, 

duration, frequency, and sessions length) were mapped. Finally, type of outcome measures 
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including all kinds of assessment of sitting balance ability and their results were extracted. 

According to the International Classification of Functioning, Disability and Health (ICF), both 

measurements that assess function level and activity level were data of interest. Technological 

measurement tools were classified as measuring body function while functional measurement 

tools covered both function and activity level. Finally, change scores within-group and 

differences between-groups for each outcome variable were extracted.  
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4. RESULTS 

4.1 Search results  

A total of 427 articles were identified (PubMed: 91, Web of Science: 180, and Scopus: 156). 

After duplicates were removed, the titles and abstracts of 260 articles were screened. Of 

these, 69 articles met the eligibility criteria. Nine articles met the final inclusion criteria. The 

flowchart of studies is summarized in Figure 1: Flowchart. Excluded articles after full-text 

screening are shown in Appendix Table 1. 

 

Figure 1: Flowchart 

 

4.2 Methodological quality assessment  

 

Table 2 provides an overview of the consensus of methodological quality assessment by the 

PEDro scale. Six studies were of good quality (Borges, Werneck, da Silva, Gandolfi, & Pratesi, 

2011; Chinniah, Natarajan, Ramanathan, & Ambrose, 2020; Herrero et al., 2012; Kang, Jung, 

& Yu, 2012; Matusiak-Wieczorek, Dziankowska-Zaborszczyk, Synder, & Borowski, 2020; 

Temcharoensuk, Lekskulchai, Akamanon, Ritruechai, & Sutcharitpongsa, 2015)  and two 
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articles fair (MacPhail et al., 1998; Matusiak-Wieczorek, Małachowska-Sobieska, & Synder, 

2016). An overview of the individual methodological quality assessment by the PEDro scale is 

shown in Appendix Table 2. 

 
Table 2 
Methodological screening PEDro scale – consensus score 

 PEDro scale items  

 1 2 3 4 5 6 7 8 9 10 11 Total 
score 

Method
ological 
quality 

Borges et 
al. (2011) 

Yes 
 

1 0 1 0 0 1 1 1 1 1 7 Good 

Chinniah et 
al. (2020) 

Yes 1 1 1 0 1 0 0 1 1 1 7 Good 

Herrero et 
al. (2012) 

Yes 1 1 1 0 0 1 1 1 0 1 7 Good  

Kang et al. 
(2012) 

Yes 1 0 1 0 0 1 1 1 1 1 7 Good  

MacPhail 
et al. 
(1998) 

Yes 0 0 0 0 0 0 1 1 1 1 4 Fair  

Matusiak-
Wieczorek 
et al. 
(2016) 

Yes  0 0 1 0 0 0 1 1 1 0 4 Fair 

Matusiak-
Wieczorek 
et al. 
(2020) 

Yes 1 0 1 
 

0 0 1 1 1 1 1 7 Good  

Temcharoe
nsuk et al. 
(2015) 

Yes 1 0 1 0 0 1 1 1 1 1 7 Good  

Legend: 1 Eligibility criteria were specified; 2 Subjects were randomly allocated to groups (in a 

crossover study, subjects were randomly allocated an order in which treatments were received; 3 

Allocation was concealed; 4 The groups were similar at baseline regarding the most important 

prognostic indicators; 5 There was blinding of all subjects; 6 There was blinding of all therapists who 

administered the therapy; 7 There was blinding of all assessors who measured at least one key 

outcome; 8 Measures of at least one key outcome were obtained from more than 85% of the subjects 

initially allocated to groups; 9 All subjects for whom outcome measures were available received the 

treatment of control condition as allocated or, where this was not the case, data for at least one key 

outcome was analyzed by “intention to treat”; 10 The results of between-group statistical comparisons 

are reported for at least one key outcome; 11 The study provides both point measures and measures 

of variability for at least one key outcome; Total score Total score of the PEDro scale (items 2-11); 

Methodological quality Methodological quality of the study. “yes” yes, eligibility criteria were 

specified; “1” yes, the criterion is fulfilled; “0” no, the criterion is not fulfilled. 
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The cohort study (Moraes, Copetti, Angelo, Chiavoloni, & David, 2016) had an acceptable 

quality on the SIGN scale. 

 

All studies of good quality failed to blind the participants and five out of six failed to blind the 

therapists, but satisfied almost all other criteria (Borges et al., 2011; Herrero et al., 2012; Kang 

et al., 2012; Matusiak-Wieczorek et al., 2020; Temcharoensuk et al., 2015). Only two articles 

of good quality had concealed allocation (Chinniah et al., 2020; Herrero et al., 2012). Studies 

of fair quality failed to randomize the participants, provide concealed allocation, blind 

participants, therapists, and assessors.  

 

Of the studies of acceptable to good quality, two articles did not report the degree of disability 

through the GMFCS level (Kang et al., 2012; MacPhail et al., 1998), and one article did not 

report the type of CP of the included individuals (Herrero et al., 2012). 

 

4.3 Data analysis  

4.3.1 Population characteristics 

In total 305 children with CP were assessed. The sample size of the included articles varied 

from 13 to 45 (Kang et al., 2012; MacPhail et al., 1998; Matusiak-Wieczorek et al., 2020). The 

mean age (SD) of the articles was 7.6 years (2.6). Sex varied between 14.3% and 80% male 

individuals per group. Three studies compared diplegic with hemiplegic CP (Kang et al., 2012; 

Matusiak-Wieczorek et al., 2020; Matusiak-Wieczorek et al., 2016), three articles only 

included individuals with spastic diplegia (Borges et al., 2011; Chinniah et al., 2020; 

Temcharoensuk et al., 2015), one article compared diplegic with quadriplegic CP (MacPhail et 

al., 1998), and one article compared diplegic CP as well as hemiplegic and quadriplegic CP 

(Moraes et al., 2016). Table 3 provides a description of the samples with respect to sex 

distribution, age, type of CP and degree of disability. One article included all five GMFCS levels 

(Herrero et al., 2012), another article included GMFCS level II until V (Borges et al., 2011), 

three articles included two GMFCS levels (Matusiak-Wieczorek et al., 2020; Matusiak-

Wieczorek et al., 2016; Temcharoensuk et al., 2015), and one study included GMFCS level I, II 

and IV (Moraes et al., 2016). Finally, two articles did not report the GMFCS level (Kang et al., 

2012), MacPhail et al. (1998) only included individuals with a functional mobility status .
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Table 3 
Population characteristics  

Authors Groups  Sample 

size  

Mean age (Years ± 

SD) 

Gender 

(Male%) 

Topography Degree of disability (GMFCS) 

Hemiplegia Diplegia Quadriplegia I II III IV V 

Borges et al. 

(2011) 

Control group n=20 5.65 ± 2.48 45.0%  
n=40§ 

  n=8 n=16 n=14 n=2 

Intervention group n=20 5.77 ± 2.29 40.0% 

Chinniah et 

al. (2020) 

Control group n=20 Between 2-4 25.0%  
n=40§ 

 n=2 n=5 n=8   

Intervention group n=20 40.0% n=2 n=8 n=5   

Herrero et 

al. (2012) 

Control group n=19 9.05 ± (7.58-10.53)   n=2 n=2 n=3 n=3 n=9 

Intervention group n=19 9.95 ± (8.80-11.10)   n=2 n=1 n=2 n=4 n=10 

Kang et al. 

(2012) 

Control group n=14 7.8  1.5 50.0% n=9 n=5   

Intervention group 1 

(HTG) 

n=14 8.2 ± 1.1 50.0% 
n=9 n=5 

  

Intervention group 2 (PTG) n=15 8.2 ± 1.2 53.3% n=10 n=5   

MacPhail et 

al. (1998) 

Control group n=7 8.1 ± 1.8 14.3%  * 

Intervention group n=6 6.7 ± 1.1 33.3%  n=3 n=3 

Matusiak-

Wieczorek 

et al. (2016) 

Control group n=20 8.3 ± 2.62 55.0% n=15 n=5  n=11 n=9    

Intervention group n=19 8.42 ± 2.24 52.6% n=13 n=6  n=12 n=7    

Matusiak-

Wieczorek 

et al. (2020) 

Control group n=15 8.13 ± 2.56 53.3% n=10 n=5  n=7 n=8    

Intervention group 1 n=15 7.93 ± 2.6 60.0% n=12 n=3  n=10 n=5    

Intervention group 2 n=15 7.60 ± 1.84 53.3% n=13 n=2  n=12 n=3    

Moraes et 

al. (2016) 

Intervention group n = 15 Between 5 and 10 80.0% n=6 n=1          n=8 n=8 n=2  n=5  

Temcharoen

suk et al. 

(2015) 

Intervention group 1 (HR) 

Intervention group 2 (DHS) 

Intervention group 3 (SHS) 

n = 10 

n = 10 

n = 10 

10.7±1.7 

10.1±1.7 

10.4±1.5 

50.0% 

40.0% 

50.0% 

  

n=30§ 

  n=5 

n=5 

n=5 

n=5 

n=5 

n=5 

  

Legend: SD: standard deviation; n: number of participants; NR: not reported; *functional mobility status; § spastic type of CP; empty cells indicate these 

characteristics were not reported; HR: horseback riding group; CPT: conventional physical therapy group; DHS: dynamic horseback riding simulator; SHS: 

static horseback riding simulator 
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4.3.2 Intervention 

A horse riding simulator was used in three studies for therapy (Borges et al., 2011; Chinniah 

et al., 2020; Herrero et al., 2012). Five articles reported horse riding therapy as intervention 

(Kang et al., 2012; MacPhail et al., 1998; Matusiak-Wieczorek et al., 2020; Matusiak-Wieczorek 

et al., 2016; Moraes et al., 2016). One article used both a horseback riding simulator as horse 

riding therapy (Temcharoensuk et al., 2015). Five of the nine included studies compared an 

intervention with a control group (Borges et al., 2011; Chinniah et al., 2020; Herrero et al., 

2012; Kang et al., 2012; Matusiak-Wieczorek et al., 2020). These control groups underwent 

conventional physical therapy in three studies (Borges et al., 2011; Chinniah et al., 2020; 

Matusiak-Wieczorek et al., 2020). In two studies the control group did not get any treatment 

(Kang et al., 2012; Matusiak-Wieczorek et al., 2016). One study compared intervention with a 

combination of active trunk extension and the horseback riding simulator switched off 

(Herrero et al., 2012). One article compared three different types of intervention 

(Temcharoensuk et al., 2015), and one article did not compare different groups (Moraes et al., 

2016). The frequency of intervention varied from a single session to three times a week 

(Chinniah et al., 2020; MacPhail et al., 1998; Temcharoensuk et al., 2015). Session duration 

varied from fifteen minutes to 45 minutes per session (Chinniah et al., 2020; Herrero et al., 

2012). The total duration of the intervention period varied from one day to twelve weeks 

(Chinniah et al., 2020; MacPhail et al., 1998; Temcharoensuk et al., 2015). An overview of the 

interventions per study is shown in Table 4. 
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Table 4 
Intervention characteristics  

Authors Groups  Type of intervention Frequency  Session 

duration 

Intervention 

duration 

Borges et al. (2011) Control group CPT  

2 times/week 

 

40 min 

 

6 weeks  Intervention group  Horse riding simulator 

Chinniah et al. (2020) Control group CPT  

3 times/week 

30 min CPT   

12 weeks  Intervention group CPT + Horse riding simulator 30 min CPT + 15 

min HRS 

Herrero et al. (2012) Control group Horse riding simulator (off) + active trunk extension  

1 time/week 

 

15 min 

 

10 weeks  Intervention group Horse riding stimulator + active trunk extension 

Kang et al. (2012) Control group No treatment  

 

2 times/week 

 

 

30 min 

 

8 weeks  Intervention group 1 (HR) CPT* + Horse riding simulator 

 Intervention group 2 (CPT) CPT* 

MacPhail et al. (1998) Control group Horse riding therapy Single session NR 1 day 

 Intervention group Horse riding therapy 

Matusiak-Wieczorek 

et al. (2016) 

Control group No treatment  

 

1 time/week 

 

 

30 min 

 

 

12 weeks  Intervention group Horse riding therapy 

Matusiak-Wieczorek 

et al. (2020) 

Control group CPT NR  

 

30 min 

 

 

12 weeks  Intervention group 1 Horse riding therapy 2 times/week 

 Intervention group 2 Horse riding therapy 1 time/week 

Moraes et al. (2016) Intervention group Horse riding therapy 2 times/week 30 min 12 weeks 

 

Temcharoensuk et al. 

(2015) 

Intervention group 1 (HR) Horse riding therapy  

 

Single session 

 

 

30 min 

 

 

1 day  Intervention group 2 (DHS) Dynamic horse riding simulator 

 Intervention group 3 (SHS) Static horse riding simulator 

Legend: CPT: conventional physical therapy; HRS: horseback riding simulator; HRT: horse riding therapy; NR: not-reported; *: strengthening and stretching exercises
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4.3.3 Measurement scales for sitting balance 

Technological measurement instruments 

In four of the nine included articles technological instruments were used for the assessment 

of the sitting balance of participants (Borges et al., 2011; Kang et al., 2012; MacPhail et al., 

1998; Moraes et al., 2016). Three articles used posturography to measure both Center of 

Pressure (COP) movement in the antero-posterior and mediolateral direction (Borges et al., 

2011; Kang et al., 2012; Moraes et al., 2016) and two to measure the velocity of the 

displacement (Kang et al., 2012; Moraes et al., 2016). Movement Analysis with marker 

tracking to evaluate the lateral trunk deviation was reported once (MacPhail et al., 1998). 

 

Functional measurement instruments 

Besides technological instruments, several articles reported functional measurement 

instruments. The Sitting Assessment Scale (SAS) (Herrero et al., 2012; Matusiak-Wieczorek et 

al., 2020; Matusiak-Wieczorek et al., 2016), Segmental Assessment of Trunk Control (SATCo) 

(Temcharoensuk et al., 2015), and the sitting dimension of the Gross Motor Function 

Measurement 66 and Gross Motor Function Measurement 88  (GMFM-66/GMFM-88) 

(Chinniah et al., 2020; Herrero et al., 2012; Temcharoensuk et al., 2015) were used to evaluate 

the sitting balance of the children. In some assessments the child took place on a bench 

(SATCo) or a mat (GMFM-66 and GMFM-88) which is an unsupported starting position that 

requires a large amount of trunk control. When assessing sitting balance with the SAS, the 

child is positioned on a chair, allowing the child to support against the back of the seat. Besides 

the starting positions, different items evaluating sitting balance were mapped. All measuring 

instruments contain items that address static and active sitting balance but only one 

instrument evaluates the reactive sitting balance. Furthermore, all instruments measure head 

control, both static and active. Only one measurement tool, the GMFM, assesses the ability to 

make transfers, such as moving from prone to sit, supine to sit and from stance to sit. The 

Sitting Assessment Scale is the only instrument that uses video-analysis to score test items. 

Because none of these functional instruments are specifically designed for measuring the 

effect of hippotherapy, no assessment took place on the back of the horse. A detailed 

overview of the instruments is shown in Table 5. 
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Table 5 
Details of functional measuring instruments 

  Functional measuring instruments 

Items  SATCo SAS GMFM-66 GMFM-88 

Sitting position Bench  Chair  Mat and bench  Mat and bench  

Supported  ** x x x 

Unsupported  x x x x 

Trunk control (global)  x x x x 

Trunk control: static  x x x x 

Trunk control: active*  x x x x 

Trunk control: reactive  x    

Head control (global)  x x x x 

Head control: static  x x x x 

Head control: active  x x   

Transfers** 

Supine to sit 

Supine to prone 

Stance to sit 

  x 

x 

x 

x 

x 

x 

x 

x 

Pivoting 90°    x 

Video-analysis  x   

Legend: * reaching, grasping, lifting; ** manual support can be applied 

 

4.3.4 Outcome 

Performance on technological measurement instruments 

The COP movements in antero-posterior and medio-lateral direction decreased significantly 

after hippotherapy and horse riding simulator-intervention (Borges et al., 2011; Kang et al., 

2012; Moraes et al., 2016). Significant differences were found between intervention and 

control group for COP movement in both directions (Borges et al., 2011). Velocity of 

displacement was used in two articles to assess sitting balance and showed improvement in 

both hippotherapy intervention group and conventional physical therapy control group (Kang 

et al., 2012; Moraes et al., 2016). No differences were found in the pre- and postscores of COP 

velocity in the control group that did not receive an intervention (Kang et al., 

2012).  Movement Analysis with marker tracking showed a significant greater lateral trunk 

deviation for riders with CP in comparison to healthy controls (MacPhail et al., 1998). Table 6 

provides an overview of technological measurement instruments and their performance on 

them. 
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Table 6 
Technological outcome measures 

  
 Intervention                                                  Controls Between-groups 

   Horse riding Horse riding simulator   

Outcome 
measure 

Author Outcome variable Mean P-value   Mean P-value    Mean P-value  

Posturography Borges 
et al. 
(2011) 

COP movement (AP-ML) 
  

COPap and 
COPml ↑ 

0.0110  COPap and 
COPml: ↑ 

0.1510  COPap: IG > CG 
(p<0.0001) 
COPml: IG > CG 
(p<0.0069)  

Kang et al. 
(2012) 

COP movement 
(ml- total) 
Velocity of displacement 
(ml-total) 

COPml and  
COPtot: ↑ 
 
VelCOPml and 
VelCOPtot: ↑ 

0.05 
 
 
0.05 

  
CG1 
COPml: ↑ 
COPtot = 
VelCOPtot: ↑ 
CG2:  
COP  = 
Velocity =   

 
<0.05 
** 
<0.05 
 
** 

COPmovement 
and COPvel: IG > 
CG (p < 0.05) 

 
Moraes et 
al. (2016) 

COP movement (AP-ML) 
Velocity of displacement 
 

COPml: ↑ 
COPap: ↑ 
VelCOP: ↑  

0.001 
0.006 
0.004 

  
  

 
 

  
 

      
 

Movement 
Analysis- 
marker 
tracking 

MacPhail et 
al. (1998) 

Lateral trunk deviation 
  

= 
   

CG-group > CP-
group for lateral 
trunk deviation 
(<0.05) 

Legend: AP: antero-posterior; ML: medio-lateral; **: no p-values reported; CG1: physical therapy; CG2: no intervention; NS: non-significant; ↑: improved; =: no change; CP: 

Cerebral Palsy 
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Performance on functional measurement scales  

One study using the SAS reported no differences after a horseback riding simulator 

intervention. Two other studies using the SAS as an assessment tool reported significant 

improvement after hippotherapy intervention in trunk control (Matusiak-Wieczorek et al., 

2020; Matusiak-Wieczorek et al., 2016) and in head position control (Matusiak-Wieczorek et 

al., 2020). Total scores and subscores “static, active and reactive” on the SATCo also improved 

significantly after hippotherapy intervention, whereas the horseback riding simulator only 

significantly improved the active and reactive balance subscores but not the static balance 

(Temcharoensuk et al., 2015). Three studies found significant improvements in sitting balance 

assessed with the sitting dimension of the GMFM-66 and GMFM-88, using hippotherapy and 

horseback riding simulator interventions (Chinniah et al., 2020; Herrero et al., 2012; 

Temcharoensuk et al., 2015). Hippotherapy intervention was superior to conventional physical 

therapy or no intervention, significant differences of sitting balance were found between 

intervention and control groups (Chinniah et al., 2020; Matusiak-Wieczorek et al., 2016; 

Temcharoensuk et al., 2015). Details of the performance on functional measurement scales 

are shown in Table 7. 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

Table 7 
Functional outcome measurements 

  
Intervention                                     Controls Between-groups 

  Horse riding Horse riding simulator   

Outcome measure Author Change  P-value  Change P-value   Change  P-value  

SATCo 

 
Temcharoensuk 
et al. (2015) 

Static balance ↑ 

Active balance↑ 

Reactive balance ↑ 

0.038 

0.026 

0.006 

 

Static balance = 
Active balance ↑ 

Reactive balance ↑ 

** 
0.034 

0.034 

Static balance = 
Active balance = 
Reactive ↑ 

** 
** 
0.046 

 

Reactive balance: IG > CG 
(p<0.004) 

GMFM-66* Temcharoensuk 
et al. (2015) 

Dimension B ↑  ** 
    

IG > HRS (p<0.001)  
IG > CG (p=0.0001) 

 

 

 

Herrero et al. 
(2012) 

  Dimension B ↑ <0.05x  
 

 

GMFM-88* Chinniah et al. 
(2020) 

  Dimension B ↑ 
 

0.01 
  

IG > CG-group (p<0.01) 

SAS Herrero et al. 
(2012) 

  
= ** 

  
 

 Matusiak-
Wieczorek et al. 
(2016) 

Trunk control ↑  0.018 
  

Trunk control ↑ <0.068  IG > CG-group (p<0.01) 

 Matusiak-
Wieczorek et al. 
(2020) 
 

IG1: 
Head position control ↑ 

Trunk control↑ 
IG2: 
Trunk control ↑ 

Head position control = 

 
0.012 

0.005 

 

0.028 

** 

  
Trunk control = **   

Legend: *: sitting dimension – B; **: no p-values reported; IG1: 2x/week intervention; IG2: 1x/week intervention; ↑ improved; = no change ; x: :Effect size = 0.36; 95% 
CI(0.01 -0.7
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5.uDISCUSSION 

5.1 Reflection of the quality of included articles 

Some methodological characteristics of the articles may influence the level of evidence of the 

results obtained. The methodological quality of the majority of the studies was good, 

indicating that possible risk of bias of the included articles was relatively low. Nevertheless, 

none of the articles had an excellent score on the PEDro scale due to lack of blinding of both 

participants and therapists, which can constitute possible response and detection bias. Lack 

of concealed allocation, increases the risk of selection bias. 

 

5.2 Reflection of findings related to research question 

Maintaining a sitting position, required for the performance of many activities of daily living, 

is often a challenge for children with CP. Hippotherapy intervention is indicated to improve 

balance in children with CP, but its effects on sitting balance specifically are not well known to 

date (Dominguez-Romero et al., 2019; Zadnikar & Kastrin, 2011). Therefore, this review aimed 

to analyze different measurement scales used to evaluate sitting balance of children with CP 

who underwent some kind of hippotherapy. Therefore, the main outcome of this review is 

that sitting balance in individuals with CP can be assessed both with technological and 

functional measurement instruments. 

Technological measurement instruments can objectively detect small changes in parameters 

of sitting balance of the individuals. However, the small changes take place on function level 

of the ICF, while the goal in rehabilitation is improvement and independence in daily life 

activities. Besides that, technological measurements are expensive and not adapted to 

evaluate sitting balance on the back of a horse. It would be an added value if further studies 

can design a technological measurement instrument that is user-friendly to evaluate sitting 

balance on the back of a horse in a practical school setting. 

On the other hand, there are already several existing functional measurement instruments to 

evaluate sitting balance. Even if they are not specifically developed to measure the effects on 

the back of a horse, they may be more adaptable than technological measurements. 

Furthermore, functional measurement instruments assess changes in sitting balance at 
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activity level, which is interesting for accomplishing the patients’ rehabilitation goals. In 

addition, given that physical therapists are working in different settings, it is important that 

the assessment can be performed easily and time efficiently. Although functional 

measurement instruments are slightly subjective. Therefore, this may result in lower 

interrater reliability compared to technological measurement instruments.  

In summary, both technological and functional measurement instruments have their 

advantages and disadvantages. Due to the feasibility of functional measurement instruments 

in clinical settings, these instruments are preferred. 

The Sitting Assessment Scale (SAS), Segmental Assessment of Trunk Control (SATCo), and 

Gross Motor Function Scale (GMFM) are standardized tools that measure different aspects of 

sitting balance. Starting positions vary between a supported and unsupported sitting position. 

An unsupported sitting position during the assessment provides more information on trunk 

control than a supported position. Additionally, different aspects of measuring sitting balance 

were mapped. Measuring instruments that cover all the different aspects are the most 

complete and helpful in clinical practice to get an overview of the child’s abilities. Both the 

SATCo (Butler, Saavedra, Sofranac, Jarvis, & Woollacott, 2010) and the GMFM (Adair, Said, 

Rodda, & Morris, 2012) are valid, reliable and responsive tools. Psychometric properties of the 

SAS are not yet described in literature. Further research is needed to develop a standardized 

and reliable measurement instrument that combines different aspects of sitting balance on 

the back of a horse. 

 

5.3 Strengths and limitations of the study 

This is the first systematic literature search summarizing the different measurement 

instruments used to evaluate sitting balance in children with CP and their effects after 

hippotherapy intervention. When interpreting the results of this first study, some strengths 

and limitations should be considered.  

By the use of three complementary databases and hand search, a comprehensive literature 

search was conducted. A total of nine articles were included and reviewed. Both the search 

strategy and the methodological scoring were performed in a blinded manner, to decrease 

the risk of detection bias. 
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First of all, the characteristics of the included participants and interventions show differences 

among studies. Most articles showed a similar age range and sex distribution, but differences 

are seen in included types of CP (e.g.: spastic, diplegic, quadriplegic). These different types of 

CP can result in different degrees of dysfunction. Therefore, findings should be interpreted 

with caution. However, the studies discussed included individuals with all GMFCS levels (II-III-

IV-V), which promotes the generalization of the found results.  

Another limitation is the heterogeneity of methodology among the included study articles. 

The studies have a limited duration of intervention with a maximum duration of twelve weeks. 

This is a relatively short follow-up to detect long term effects. The article of Chinniah et al. 

(2020) reported more improvement of the sitting ability in twelve weeks than eight and four 

weeks. Two articles had an intervention duration of one day, which may not be sufficient to 

find long term improvements. However, such short-term intervention has the advantage of 

providing information about the sensitivity of the measurement instrument on the 

effectiveness of one hippotherapy session, which is of interest to clinicians (MacPhail et al., 

1998; Temcharoensuk et al., 2015). Other articles shows the sensitivity of the measurement 

instruments on a long term of twelve weeks (Chinniah et al., 2020; Matusiak-Wieczorek et al., 

2020; Matusiak-Wieczorek et al., 2016; Moraes et al., 2016).  

Finally, a wide range of interventions was investigated in the included studies. The greatest 

conspicuity seen is that none of the articles used the term ‘hippotherapy’ for the exact same 

kind of intervention. Therefore, a heterogeneity across the articles was present due to 

randomly used terms to describe hippotherapy. In this systematic review, all terms were 

included and consent to one term ‘hippotherapy’. Besides that, different types of 

hippotherapy were seen across the articles. Some articles included hippotherapy (Kang et al., 

2012) or a horseback riding simulator (Chinniah et al., 2020) as an addition to the traditional 

therapy. Other articles used hippotherapy or the horseback riding simulator as an intervention 

on his own (MacPhail et al., 1998; Matusiak-Wieczorek et al., 2020; Matusiak-Wieczorek et al., 

2016; Moraes et al., 2016; Temcharoensuk et al., 2015). The included articles mostly differ in 

intervention duration, session duration and frequency. Session duration is more similar across 

the studies; therefore, this cannot explain the differences across the articles. However, the 

differences among intervention duration and frequency can be a possible explanation for the 

differences across the included articles. 
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5.4 Recommendations for further studies 

There are several recommendations for further studies in this area. First of all, it is 

recommended to clarify specific definitions of the used interventions. At the moment, terms 

to describe hippotherapy are used randomly through the articles with no exact definition or 

specific content of the intervention. Secondly, it is recommended to conduct separate studies, 

each including one specific type of CP. The distinction between these different types leads to 

a homogeneous research population and results in better generalization. Another 

recommendation is to design a technological measurement instrument that can be used in 

settings out of a lab, and eventually even on the back of a horse. The incorporation of 

technology needs to be further examined, this can be done by placing an accelerometer on 

the individual, allowing investigations into the COP displacement in combination with 

functional assessment. The combination of both a technological and functional measurement 

instrument could be an incredible added value in the assessment of the effect of hippotherapy 

on sitting balance. 
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6.CONCLUSION 

Measurement instruments that could be used to assess the effect of hippotherapy on sitting 

balance in children with CP are limited. None of the instruments are specifically designed to 

assess sitting balance on the back of a horse. This review shows that both hippotherapy and 

horseback riding-simulator intervention have significant effects on improving sitting balance 

in children with CP. The present study strengthens the evidence for using functional 

measurement tools in clinical practice. Given the need to efficiently assess the effectiveness 

of hippotherapy intervention in an outdoor, practical setting, further research to develop a 

standardized, reliable, valid and responsive tool to evaluate sitting balance while seated on 

the back of a horse is desirable and recommended. 
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APPENDIX 

Appendix Table 1 
Excluded articles after full-text screening 

Reason of 
exclusion 

Number excluded 
articles  

References  

Outcome n = 43 Aegerter et al. (2020) 
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Baillet et al. (2019) 
Bronson, Brewerton, Ong, Palanca, and Sullivan (2010) 
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Hammer et al. (2005) 
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Portela-Pino, Bouzo-Gonzalez, and Pino-Juste (2020) 
Reubens and Silkwood-Sherer (2016) 
T. Shurtleff and Engsberg (2012) 
T. L. Shurtleff, Standeven, and Engsberg (2009) 
D. Silkwood-Sherer and Warmbier (2007) 
D. J. Silkwood-Sherer, Killian, Long, and Martin (2012) 
Wehofer, Goodson, and Shurtleff (2013) 
Ajzenman, Standeven, and Shurtleff (2013) 
Aleknaviciute-Ablonske, Savenkoviene, Mockeviciene, and Miliuniene 
(2015) 
Alexander et al. (2015) 
Araujo, Silva, Costa, Pereira, and Safons (2011) 
Baek and Kim (2014) 
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Borges de Araujo et al. (2019) 
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de Araujo et al. (2019) 
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Moraes, Copetti, Angelo, Chiavoloni, and de David (2020) 
Sevenich and Fercher (2020) 
Viruega, Gaillard, Carr, Greenwood, and Gaviria (2019) 
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Dewar et al. (2015) 
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Erdman and Pierce (2016) 
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Hamill, Washington, and White (2007) 
Hilliere, Collado-Mateo, Villafaina, Duque-Fonseca, and Parraça (2018) 
Martín-Valero, Vega-Ballón, and Perez-Cabezas (2018) 
Rigby and Grandjean (2016) 
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Appendix Table 2 
Methodological screening PEDro scale – individual scores  

 PEDro scale items  

 1 2 3 4 5 6 7 8 9 10 11 Total 
score 

Method
ological 
quality 

Borges et 
al. (2011) 

Yes 
 

1 0 1 0 0 1 1 1 1 1 7 Good 

 Yes 1 0 1 0 0 1 1 1 1 1 7 Good 

Chinniah et 
al. (2020) 

Yes 1 1 1 0 1 0 0 1 1 1 7 Good 

 Yes 1 1 1 0 0 1 1 1 1 1 8 Good 

Herrero et 
al. (2012) 

Yes 1 1 1 0 0 1 1 1 0 1 7 Good  

 Yes 1 1 1 0 0 1 1 1 0 1 7 Good  

Kang et al. 
(2012) 

Yes 1 1 1 1 0 0 1 1 1 1 8 Good 

 Yes 1 0 1 0 0 1 1 1 1 1 7 Good  

MacPhail 
et al. 
(1998) 

Yes 0 0 0 0 0 0 1 1 1 1 4 Fair  

 Yes 0 0 0 0 0 0 1 1 1 1 4 Fair 

Matusiak-
Wieczorek 
et al. 
(2016) 

Yes 0 0 1 
 

0 0 0 1 1 1 0 5 Fair 

 Yes  0 0 0 0 0 0 1 1 1 1 4 Fair 

Matusiak-
Wieczorek 
et al. 
(2020) 

Yes 1 
 

0 1 0 0 1 1 1 1 1 7 Good 

 Yes 1 0 1 0 0 1 1 1 1 1 7 Good 

Temcharoe
nsuk et al. 
(2015) 

Yes 1 1 1 0 0 1 1 1 1 1 8 Good 

 Yes 1 0 1 0 0 1 1 1 1 1 7 Good 

Legend: 1 Eligibility criteria were specified; 2 Subjects were randomly allocated to groups (in a crossover 

study, subjects were randomly allocated an order in which treatments were received; 3 Allocation was 

concealed; 4 The groups were similar at baseline regarding the most important prognostic indicators; 5 

There was blinding of all subjects; 6 There was blinding of all therapists who administered the therapy; 

7 There was blinding of all assessors who measured at least one key outcome; 8 Measures of at least 

one key outcome were obtained from more than 85% of the subjects initially allocated to groups; 9 All 

subjects for whom outcome measures were available received the treatment of control condition as 

allocated or, where this was not the case, data for at least one key outcome was analyzed by “intention 

to treat”; 10 The results of between-group statistical comparisons are reported for at least one key 

outcome; 11 The study provides both point measures and measures of variability for at least one key 

outcome; Total score Total score of the PEDro scale (items 2-11); Methodological quality 

Methodological quality of the study. “yes” yes, eligibility criteria were specified; “1” yes, the criterion is 

fulfilled; “0” no, the criterion is not fulfilled. 
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RESEARCH PROTOCOL 

1.INTRODUCTION 

Children with Cerebral Palsy (CP) experience body function impairments and activity 

limitations. The loss of selective motor control and trunk control contributes to poor sitting 

balance and makes sitting independently a major challenge for this population (Harbourne, 

2010). Given that adequate sitting balance is necessary to safely manage activities of daily 

living, an intervention that maintains or improves their functionality is needed. Hippotherapy 

has proven to be effective in improving gross motor function, standing balance and gait in 

children with CP (Zadnikar & Kastrin, 2011). In contrast, sitting balance is not often mentioned 

as an outcome measure and far less is known about the effects of hippotherapy intervention 

on sitting balance. Besides that, a recent review of literature found that existing functional 

and technological measurement instruments can be used to assess the improvements on 

sitting balance after intervention. However, no measurement instrument is developed yet to 

specifically evaluate the effectiveness of hippotherapy on sitting balance on the back of the 

horse and thus do not meet all the desired characteristics of a useful clinical tool. The long-

term goal is to develop a measurement instrument that covers all the different aspects of 

sitting balance and can be used to assess the effect of hippotherapy intervention on children 

with CP. 

The aim of this study is to investigate the feasibility of different items assessing sitting balance 

in children with CP after hippotherapy intervention in clinical practice. 

2. AIM OF THE STUDY 

2.1 Research question 

What is the feasibility, reliability and responsiveness of different items of a new measurement 

instrument used to evaluate sitting balance in children with Cerebral Palsy after hippotherapy 

intervention? 

2.2 Hypothesis 

Some items of existing functional measurement instruments can be used to evaluate sitting 

balance on the back of a horse in a valid and reliable manner.  
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3. METHOD 

3.1 Research design 

A prospective, longitudinal study will be performed to establish feasibility, reliability and 

responsiveness of a newly composed measurement instrument for assessing sitting balance 

and trunk control while seated on the back of a horse. Participants will not be randomized in 

different groups, but will be involved in a single intervention group. All the individuals will 

receive hippotherapy and will be assessed. Different items of the measurement instrument 

will be evaluated before and after each hippotherapy intervention. There will also be an 

evaluation of the different items after twelve weeks.  

3.2 Participants  

3.2.1. Inclusion criteria  

Individuals who meet the following inclusion criteria will be recruited: (1) Diagnosis of Cerebral 

Palsy; (2) Age between two and 21 years old; (3) Received hippotherapy at least once before 

start of the study: and (4) Able to communicate non-verbally or verbally in Dutch or English. 

3.2.2. Exclusion criteria 

Individuals will be excluded if they are not able to understand and follow short, simple 

instructions. 

3.2.3. Recruitment 

Participants will be recruited from a school and care institution “Sint-Gerardus” in 

Diepenbeek, Belgium. This institution provides hippotherapy to a heterogenous group of 

children with a diversity of recurring care needs. We aim to included a group of 40 participants. 

Specific sample size recommendations are not made. Thirty-five to forty participants per 

intervention group would be preferable (Hertzog, 2008). If the individuals meet the inclusion 

criteria, they or their parents will be asked to sign an informed consent. 

3.3 Medical Ethics 

Parents or participants have signed an ‘informed written consent’ before the individuals will 

be included in the study. This research still needs to be submitted to the University of Hasselt 

Medical Ethics Committee. Therefore, this study does not have a registration code yet. This 
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research complies with the standards set by the Helsinki Convention (World Medical 

Association, 2013).  

3.4 Intervention 

Participants will receive a hippotherapy session once a week for a period of twelve consecutive 

weeks. Each session will have a duration of 30 minutes. The sessions are individualized 

according to the abilities of each child. The sessions will be performed in an outdoor arena in 

the school and care institution “Sint-Gerardus” in Diepenbeek, Belgium and will be conducted 

by a qualified therapeutic team. The participants will be asked to maintain a proper sitting 

position during a few laps around the arena. If necessary, the therapist will provide support 

on the pelvis. Individuals with level V of the Gross Motor Function Classification System 

(GMFCS) or children who need more facilitation of the trunk will receive hippotherapy in pairs 

with a therapist.  

The Hippotherapy Trunk Control (HippoTrunC) scale is composed of items of the Sitting 

Assessment Scale (SAS), Segmental Assessment of Trunk Control (SATCo) and Gross Motor 

Function Measure (GMFM). Items of both the SATCo (Butler, Saavedra, Sofranac, Jarvis, & 

Woollacott, 2010) and the GMFM (Adair, Said, Rodda, & Morris, 2012) are valid, reliable and 

responsive. Psychometric properties of the SAS are not yet described in literature. Table  1 

provides an overview of the items that will be evaluated to assess sitting balance.  

Table  1 
HippoTrunC 

Name: 

Date of birth: 

Type CP and GMFCS level: 

Video-analysis consent: yes/no 

Scores 

 None (1) Poor (2) Fair (3) Good (4) 

Head control: static 

“Look in front of you while the horse 

stands still’ 

1. Unable to hold head erect or 

needs nek support 

2. Holds head erect for < 10 sec 

3. Holds head erect for < 60 sec 

4. Hold head erect for > 60 sec 

    

Head control: active     
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“Look in front of you while the horse 

moves” and “Look at (something left, 

something right” 

1. Unable to hold head erect or 

need neck support when the 

horse moves 

2. Holds head erect when the 

horse moves but displaces 

with rotation 

3. Holds head erect and able to 

rotate to one side 

4. Holds head erect and able to 

rotate 

Sitting balance: static 

“Sit upright and look forward” 

1. Lacks control of trunk, needs 

back support of a person 

2. Hold trunk erect but needs 

back support (higher back of 

the saddle) 

3. Holds trunk erect without 

support for < 30 sec 

4. Holds trunk erect without 

support for > 30 sec 

    

Sitting balance: active (reaching) 

“Try to touch the horses ear with one 

arm” 

1. Unable to reach forward or to 

stretch arm towards the ear 

without losing balance or 

with manual support of the 

trunk 

2. Able to stretch arm towards 

the ear with manual support 

of the trunk 

3. Able to stretch arm towards 

ear without support 

4. Able to reach forward in 

controlled movement 

    

Sitting balance: reactive 

“Try to sit upright while the horse 

moves” 

(Physiotherapist walks the horse on 

the hand and decides the 

movements) 

1. Lacks control of trunk, needs 

back support of a person 
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2. Holds trunk erect but needs 

back support (higher back of 

the saddle) 

3. Holds trunk erect but can not 

always anticipate 

4. Holds trunk erect and 

anticipates correctly 

Overall observation  

 

Total score  

 

3.5 Outcome measurements 

3.5.1. Primary outcome measurements 

First, feasibility of the scale will be assessed. Next, the scale’s short- and long-term reliability 

and responsiveness will be examined.   

Reliability of the instrument refers to the degree in which the instrument produces consistent 

results (Heale & Twycross, 2015). This includes the evaluation of test-retest and interrater 

reliability. Test-retest reliability refers to the consistency of the collected data of the 

individuals among two points of time without any intervention in between (Everitt & Skrondal, 

2010). Interrater reliability refers to the consistency of the collected data of the individuals 

among the two observers (McHugh, 2012).  

Finally, the responsiveness of the instrument will be evaluated. This refers to the degree in 

which an instrument can measure actual changes that are clinically relevant (Beurskens, Köke, 

& de Vet, 2006). Therefore several measurements of sitting balance will be conducted before 

and after a single intervention session. Secondly, measurements will be conducted at baseline 

(before first intervention) and after twelve weeks of intervention. 

3.5.2. Secondary outcome measures 

No secondary outcome measures can be reported. 

3.6 Data-analysis 

Data collection will take place before and after each intervention (short-term effects), and 

after twelve weeks of intervention (long term effects). 

3.6.1 Reliability 
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First, the test-retest reliability of HippoTrunC on short term without any intervention will be 

evaluated. Therefore the individuals will be assessed before and after an interval of ten 

minutes without intervention in between. Secondly, the test-retest reliability of the 

measurement instrument will be evaluated over an interval of seven to 14 days, where no 

intervention is received. 

Before the statistical analysis can be conducted, assumptions will be evaluated. Based on the 

assumptions, a statistical analysis of the results can be done. 

Assumptions: 

1. Residuals are normally distributed 

1. A Shapiro-Wilk test will be used to evaluate the normality of the residues. 

2. Variance of the residues are constant 

1. A Brown-Forsythe test will be used to evaluate the constant variance of the 

residues.  

Due to study design, the data will not be independent, indicating repeated measures. This 

results in a paired t-test used to evaluate the test-retest of the measurement instrument. JMP 

PRO 15.2 (SAS Institute Inc., Cary, NC, 1989-2019) will be the statistical program needed to 

conduct the statistical analysis. 

To assess the interrater reliability on item level, quadratic weighted kappa will be used. It 

measures the agreement between two ratings. This metric varies from zero (random 

agreement between raters) to one (complete agreement) (Vanbelle, 2016). To do the 

statistical analysis, the program MedCalc for Windows, version 19.4 (MedCalc Software, 

Ostend, Belgium) will be used. The weights 𝑤𝑖 are calculated as follows: 

𝑤𝑖 = 1 −  
𝑖2

(𝑘 − 1)²
 

Where 𝑖: number of raters; and 𝑘: number of categories/items.  

This software calculates the weighted Kappa according to Cohen (1968). Standard error and 

95% confidence interval are calculated according to Fleiss, Levin, and Paik (2003). The scores 

of kappa can be interpreted as follows: <0.20: poor agreement; 0.21-0.40: fair; 0.41-0.60: 

moderate agreement; 0.61-0.80: good; 0.81-1.00: very good agreement (Altman, 1991). 
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To assess the interrater reliability on scale level, the intraclass correlation coefficient will be 

calculated. To do the statistical analysis, the program SPSS Statistics (IBM SPSS Statistics for 

Windows, Version 26.0) will be used. A two way mixed model is required because the two 

raters are permanent. This metric varies from zero (no agreement) to one (complete 

agreement), differences are attributable to inadequacies of the assessors (Hallgren, 2012). 

To calculate the measuring error of both assessors, Bland-Altman plots with multiple 

measurements per subject can be made (Bland & Altman, 1986, 1995, 1999, 2007). The 

program MedCalc for Windows, version 19.4 (MedCalc Software, Ostend, Belgium) will be 

used. Averages of the two raters are plotted against the differences between the two raters. 

Confidence intervals can be displayed for the average difference between two raters (Zou, 

2011). 

 

3.6.2 Responsiveness  

Finally we will assess the responsiveness of the instrument. Therefore, assumptions need to 

be evaluated before conducting a statistical analysis. In case the assumptions are met, a paired 

t-test will be used per individual, per item and for the scale in total. JMP PRO 15.2 (SAS 

Institute Inc., Cary, NC, 1989-2019) will be the statistical program needed.  

Several measurements need to be taken to evaluate the responsiveness of HippoTrunC. First, 

measurements of the sitting balance will be conducted before and after a single intervention 

session to check the responsiveness of the scale on short term. Secondly, to assess the 

responsiveness on long term, measurements will be conducted at baseline (before first 

intervention) and after twelve weeks of intervention.  

An Anchor-based method will be used to establish the responsiveness of the measurement 

instrument. An expert has to evaluate if there is a clinically relevant change of the scale after 

intervention. If so, a number of points will be linked to the clinically relevant change 

determined by the expert.  
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4. TIME PLANNING 

When the University of Hasselt Medical Ethics Committee approves this study, participants 

can be recruited. Over a period of several months, intervention will be carried out. After 

intervention is ended, data-analysis will be conducted and the results will be summarized in 

an article. Details of the time planning are shown in Table  2. 

Table  2 
Time planning 

 Ju
ly 2

0
2

1
 

A
u

gu
st 2

0
2

1
 

Sep
te

m
b

er 2
0

2
1

 

O
cto

b
er 2

0
2

1
 

N
o

vem
b

er 2
0

2
1

 

D
ecem

b
er 2

0
2

1
 

Jan
u

ary 2
0

2
2

 

Feb
ru

ary 2
0

2
2

 

M
arch

 2
0

2
2

 

A
p

ril 2
0

2
2

 

M
ay 2

0
2

2
 

Ju
n

e 2
0

2
2

 

Submit to the University of Hasselt 
Medical Ethics Committee 

x x           

Recruitment    x x         

Intervention      x x x x     

Data-analysis          x  x    

Article          x x x  

Legend: x: month in which it is performed 
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