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Abstract

Purpose. This study sought to examine the effects of the implementation of reins into hippotherapy treatment on fine motor control of individuals qualified to receive hippotherapy services.  

Method. A mixed method research design was employed using a convenience sample of 14 participants, aged 5 to 19 years with fine motor delays, who received weekly hippotherapy services. All 14 participants were included in the qualitative portion of this study, while 8 of the participants were able to perform the BOT-2 assessment in a standardized fashion and were, therefore, included in the quantitative portion of this study. To assess fine motor control, specific subtests of the BOT-2 were administered to each of the 8 participants prior to implementation of reins into intervention and again following seven weeks of intervention. Open-ended questionnaires were also administered to all 14 participants to evaluate caregiver/participant perspectives of the effects of hippotherapy treatment on fine motor control prior to and following the addition of reins into treatment. 

Results. Results of the study yielded no significant improvement on the BOT-2 fine motor subtest scores. However, a review of qualitative data suggested perceived improvements in gross grasp and release as well as functional use of upper extremity(s) for a number of participants.  
Conclusion. Despite a lack of statistically significant quantitative results, the qualitative findings of this study may provide a foundation for further research in this area and contribute to the body of literature on hippotherapy intervention as a whole.
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Introduction 
Hippotherapy is a therapeutic treatment strategy that utilizes equine movement as part of an integrated intervention program to help individuals achieve functional outcomes (Shurtleff, Standeven, & Engsberg, 2009). Unlike therapeutic horseback riding, during which horseback riding lessons are adapted to individuals with disabilities, hippotherapy services must be provided by a licensed, certified therapist in one-on-one treatment sessions (Apel, 2007). Hippotherapy intervention is grounded in the principles of the neurodevelopmental frame of reference. This frame of reference focuses on an individual’s ability to execute effective postural responses and movement patterns and is based on neurological principles and normal development. The chief concept underlying a neurodevelopmental therapy approach to practice is that normal postural reactions are essential to normal movement and that these postural reactions are primarily automatic. Additionally, this theory holds the assumption that decreased, increased, or fluctuating muscle tone; inadequate righting and equilibrium responses; and poor proximal stability may negatively impact successful performance in fine motor activities. Improving one’s ability to control the position and motion of the trunk over the pelvis to allow for optimum production, transfer, and control of force and motion involves the integration of local, single- and multi-joint muscles, which provide stability and produce motion. The integration of these joints and muscles results in proximal stability for distal mobility, a proximal to distal patterning of generation of force, and the creation of interactive moments that move and protect distal joints (Kibler, Press, & Sciascia, 2006). Thus, by addressing gross motor deficits, fine motor deficits may be ameliorated.  
The neurodevelopmental theory provides an ideal orientation for addressing problems in children who have insufficient neurodevelopmental organization demonstrated by poor postural control, automatic reactions, or limb control, such as those with cerebral palsy. Children with other developmental disabilities, such as Down syndrome, who have similar motor deficits may also benefit from hippotherapy interventions. (Case-Smith & O’Brien, 2010)

In Equine Assisted therapy, the horse provides a dynamic base of support, which makes it a tool for improving neuromusculokeletal and movement-related functions such as joint mobility and stability; muscle power, tone, endurance, and reflexes; involuntary movement reactions; control of voluntary movement; and gait patterns. More specifically, hippotherapy intervention aims to improve trunk strength, trunk control, and balance; build overall postural strength and endurance; and address weight bearing and motor planning deficits. Equine movement offers well-modulated sensory input to vestibular, proprioceptive, tactile, and visual sensory systems (American Occupational Therapy Association, 2002). During the horse’s gait transitions, the rider must perform subtle adjustments in the trunk to maintain a stable position on the horse. When a rider is sitting forward astride the horse, the horse’s variable, rhythmic, and repetitive gait imparts movement responses remarkably similar to human movement patterns of the pelvis while walking. The variability of the horse’s gait enables the degree of sensory input to be graded for the rider while utilizing the horse’s movement in combination with other treatment strategies to achieve desired therapeutic results. The effects of equine movement on postural control, sensory systems, and motor planning can be used to facilitate coordination and timing of postural responses, grading of responses, respiratory control, sensory integration skills, and attention skills (American Occupational Therapy Association, 2002). Equine movement can also be used to facilitate the neurophysiologic systems that support functional daily living skills (American Hippotherapy Association, 2010).

In summary, research findings demonstrate that hippotherapy can facilitate physiological, psychological, and physical improvements in individuals with varying disabilities, disorders, and physical limitations. Overall, participants typically experience improvements in muscle activity and muscle symmetry. Although numerous research studies have been conducted regarding the therapeutic implications of hippotherapy in the aforementioned areas, limitations in research exist regarding the effects of hippotherapy on fine motor function. Further, due to the nature of hippotherapy services, research studies in this area are limited due to multiple confounding variables including, but not limited to, small sample size, lack of control groups, researchers’ biases, and inconsistencies of other co-occurring therapies (Benda, McGibbon, & Grant, 2003; Casady, & Nichols-Larsen, 2004; Hamill, Washington, & White, 2007;  Klontz, Bivens, Leinart, & Klontz, 2007). Additionally, diverse client characteristics, such as cognitive impairments, are uncontrollable variables that can affect motor learning, fatigue, and/or level of motor and sensory impairments (Silkwood-Sherer & Warmbier, 2007). Hence, the purpose of this study was to examine the effects of the implementation of reins into hippotherapy treatment on fine motor control of individuals qualified to receive hippotherapy services. 
Literature Review
Hippotherapy is an intervention strategy that utilizes rhythmic equine movement to provide motor and sensory input to the client. It has been utilized by physical and occupational therapists for several decades in the treatment of several conditions including spastic cerebral palsy (CP), multiple sclerosis (MS), traumatic brain injury (TBI), and sensory impairments (McGibbon, Benda, Duncan, & Silkwood-Sherer, 2009). 

A significant amount of existing hippotherapy research has reported the benefits of hippotherapy for children and adolescents diagnosed with CP including improved gross motor function (Drnach, O’Brien, & Kreger, 2010), head and trunk stability (Shurtleff, & Engsberg, 2010), muscle symmetry (Benda, McGibbon, & Grant, 2003; Snider, Korner-Bitensky, Kammann, Warner, & Saleh, 2007; McGibbon, Benda, Duncan, & Silkwood-Sherer, 2009), postural control (Zadnikar, & Kastrin, 2011), and gait and balance (McGibbon, Andrade, Widener, & Cintas, 1998).  

A systemic literature review conducted in 2009 reviewed eleven quantitative studies on the effects of hippotherapy and recreational horseback riding on gross motor function in children with Cerebral Palsy. Ten of the eleven studies found an overall improvement in gross motor function and suggest that movements of the horse facilitate co-contraction, joint stability, and weight-shift (Sterba, 2007). Further, a research study conducted in 2009 found that children with spastic diplegia Cerebral Palsy demonstrated significant improvements in head and neck stability and functional reach as a result of a twelve-week hippotherapy intervention. This study also found that these improvements were maintained over time (Shurtleff, Standeven, & Engsberg, 2009). In addition to gross motor performance, current research also indicates that hippotherapy facilitates motor learning (Debuse, Gibb, & Chandler, 2009), sensory integration (Wuang, Wang, Huang, & Su, 2010), social participation (Frank, McCloskey, & Dole, 2011), speech and language skills (Macauley, & Gutierrez, 2004), and functional motor performance (Casady, & Nichols-Larsen, 2004; Murphy, Kahan-D’Angelo, & Gleason, 2008) as well as overall psychological wellbeing and self-esteem in children with CP (Klontz, Bivens, Leinart, & Klontz, 2007). 

Qualitative research studies indicate that hippotherapy is perceived to be more motivational and effective than traditional physiotherapy by both the clients and their caregivers, as it allows the client to feel as though they are participating in a “normal,” enjoyable activity (Debuse, Gibb, & Chandler, 2009). Eleanor Clarke Slagle, an early pioneer of occupational therapy, discussed the therapeutic benefit and motivational role of participation in meaningful occupations (Trombly, 1995). To date, numerous research studies demonstrating this concept have been conducted including one by Jane Case-Smith (2000). This study sought to examine how variables in occupational therapy intervention influenced fine motor skills and functional performance in preschool children. According to Bundy (1991) and Parham and Primeau (1997) (as cited in Case Smith, 2000), “Play and playful activities implemented in therapy sessions tend to elicit more participation, improve motivation, and increase learning” (p.373). Results of this study indicated that fine motor and visual motor performance skills were significantly enhanced by play-based therapy sessions. Thus, these results suggest that therapeutic services provided in the context of play may motivate and engage children while also providing them with an enjoyable and meaningful atmosphere in which they can practice these skills (Case-Smith, 2000). According to McGibbon and Haehl (as cited in Granados & Fernandez, 2011), the outdoor environment, horse interaction, and family involvement are a few components of hippotherapy that may serve to actively engage children and enhance motivation during treatment. A research study conducted in 2009 sought to examine the effects of hippotherapy services on the volition of three children diagnosed with autism spectrum disorders (ASDs). Results found positive volitional changes for all three children, indicating an association between increased motivation and hippotherapy for this population (Taylor, Kielhofner, Smith, Butler, Cahill, Ciukaj, & Gehman, 2009). 

As previously stated, numerous research studies have been conducted regarding the therapeutic implications of hippotherapy on gross motor function and proximal stability; however, limited research currently exists regarding the effects of hippotherapy on fine motor function. Thus, more research is needed to explore the effectiveness of hippotherapy intervention on fine motor function.  

Methods

Research Design 
A mixed method research design was used in this study to investigate the effects of hippotherapy with reins on fine motor coordination. 

This study involved a qualitative inquiry using an open-ended pre- and post-test questionnaire to investigate caregiver and/or patient perspectives of the effects of hippotherapy while using reins on fine motor control of bilateral upper extremities in individuals qualified to receive hippotherapy services. 

The quantitative portion of this study utilized pre- and post-test standardized fine motor assessments to evaluate the effects of rein use during hippotherapy on fine motor skills. Each participant served as his or her own control by comparing his or her pre- and post-test fine motor scores. Thus, group formation and randomization were not required.   
Instrumentation 

The Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) is a standardized clinical assessment tool for the evaluation of motor proficiency performance of individuals between 4 and 21 years of age. This assessment is divided into eight subtests: fine motor precision, fine motor integration, manual dexterity, upper-limb coordination, bilateral coordination, balance, running speed and agility, and strength. For the purposes of this study, the following subtests of the short form were selected as outcomes measures: fine motor precision (items 3 and 6), fine motor integration (items 2 and 7), and manual dexterity (item 2). The fine motor precision subtest includes drawing a line through a crooked path and folding paper on designated lines, and the fine motor integration subtest includes copying a star and copying a square. Lastly, the manual dexterity subtest includes two timed trials of transferring pennies into a container. 
Open-ended questionnaires were utilized to evaluate caregiver and adult participant perspectives of the effects of hippotherapy treatment on fine motor control prior to and following the addition of reins to each participant’s existing hippotherapy services. These questionnaires also determined each participant’s previous exposure to hippotherapy services and any other services they were receiving at the time of rein use that may have introduced confounding variables to quantitative measures. All pre-test quantitative questionnaires were given to the caregivers and adult participants no more than 7 days prior to the beginning of hippotherapy with reins. Likewise, all post-test qualitative questionnaires were given to the caregivers and adult participants no more than 7 days after completion of hippotherapy treatment with reins. Information gathered through the pre- and post-test qualitative questionnaires was used to support or refute quantitative findings and identify any possible confounding variables. Refer to Table 1 for a list of questions included in the pre- and post-test qualitative questionnaires. 
Participants

This study was conducted at an outpatient hippotherapy center under the direction of a physical therapist certified as a hippotherapy clinical specialist by the American Hippotherapy Certification Board. Fourteen participants were recruited for participation in this research study and comprised a convenience sample of readily available participants within a certain diagnostic category at a single facility. Of these 14 participants, 10 had a diagnosis of Cerebral Palsy, 1 had a diagnosis of Down syndrome, 1 had Prader Willis syndrome, 1 had Wolf-Hirschhorn syndrome, and 1 had a diagnosis of traumatic brain injury. Participant ages ranged from 5 years, 7 months to 19 years, 0 months. All 14 participants were included in the qualitative portion of this study. 8 of the participants were able to perform the BOT-2 assessment in a standardized fashion and were, therefore, included in the quantitative portion of this study. Of the 8 participants, 6 had a diagnosis of Cerebral Palsy, 1 had a diagnosis of Down syndrome, and 1 had Prader Willis syndrome. 
In order to qualify as a participant in this study, all child participants were required to be medically stable and currently receiving hippotherapy services at the facility with which this research was conducted. In addition, each participant was required to have received hippotherapy services for at least 6 consecutive weeks prior to participation in the study (with the exception of holiday breaks) and demonstrate sufficient trunk control and sitting balance as indicated by the clinical judgment of the child’s primary hippotherapy certified specialist. In order to qualify for participation in this study, all caregiver participants were required to have a child who met all of the aforementioned “child participant” inclusion criteria. The objective of the qualitative portion of this research study was to ascertain “caregiver perceptions” of the effects of hippotherapy with reins on participants’ fine motor control. Participants over the age of 18 who had sufficient cognitive abilities to provide consent were encouraged to participant in the study without the additional participation of a legal guardian. All participants under the age of 18, or those who did not have adequate cognitive abilities, were required to have a caregiver/legal guardian who provided consent to complete the pre- and post-test questionnaires in order to be eligible for participation in this study. Both the associate investigators and the president of the facility with which this study was conducted identified eligible participants. 

In order to explore whether changes in fine motor control of the participants could be attributed to the introduction of reins into hippotherapy treatment, all participants were required to have participated in hippotherapy treatment for at least 6 weeks immediately prior to participation in this study. This requirement helped to determine a baseline of the participants’ fine motor control, the dependent variable, as a result of receiving hippotherapy without the use of reins. Therefore, when the reins were introduced into the participants’ hippotherapy treatment, the effects of the reins, the independent variable, could be adequately assessed and compared to previous fine motor control measurements for hippotherapy treatment without reins. 
Procedure 

Institutional ethical approval was obtained from Belmont University’s Institutional Review Board prior to commencement of this study. A letter of agreement was obtained from the facility with which this study was conducted for use of facilities and staff for the implementation of this study. 

The facility president and primary hippotherapy certified specialist was enlisted to determine which clients met the inclusion criteria of the study based on previously conducted clinical observations and assessments. Previous client results on the MOVE assessment, which addresses an individual’s ability to maintain a seated position, were used to determine adequate trunk control for participation in the research study. Client observations previously conducted by the facility president/hippotherapy certified specialist, including observations of client responses to balance perturbations, were also used to aid in determining adequate trunk control with or without support for participation in the research study. Child subjects were required to be cooperative with and able to understand and follow one-step directions and be compliant with safety requests with minimal behavioral outbursts. Each eligible participant and his/her legal guardian were provided with an information packet regarding the study, which included an invitation to participate in the study, a consent form, an assent form, and a Sensory Profile screening. The Sensory Profile is a questionnaire, completed by the client and/or legal guardian, which measures an individual’s responses to sensory events in everyday life. This additional screening assessment was chosen to document possible sensory-system dysfunctions of the participants in order to identify possible confounding variables that could have affected the results of the research study. 

Procedural methods included the completion of each of the following steps by each child participant and his/her caregiver: 

(1) Read and return the informed consent form to the facility president. Upon returning the form, the participants were permitted to ask any necessary questions and were asked to sign the consent form in the presence of the facility president. (2) Complete and return the Sensory Profile to the facility prior to beginning hippotherapy treatment with the addition of reins. (3) Attend a pre-test appointment at the facility to have the participant’s fine motor control assessed using the Bruininks-Oseretsky Test of Motor Proficiency, second edition no more than 7 days prior to commencement of hippotherapy treatment with reins. (4) Complete and return a pretest questionnaire regarding the participant’s involvement in hippotherapy and his/her fine motor control. This questionnaire was required to be completed and returned prior to beginning hippotherapy treatment with reins.                  (5) Participate in 7 weeks of standard hippotherapy intervention with the addition of bilateral reins. All therapy services were provided by the participant’s regular Hippotherapy Certified Specialist. (6) Attend a posttest appointment at the facility to have the participant’s fine motor control assessed using the Bruininks-Oseretsky Test of Motor Proficiency, second edition no more than 7 days following the completion of hippotherapy treatment with the addition of reins. (7) Complete and return a posttest questionnaire regarding the participant’s involvement in hippotherapy and his/her fine motor control. This form was to be completed no more than 7 days after the conclusion of hippotherapy treatment with reins. 
All hippotherapy treatment was provided in an enclosed arena at the aforementioned facility. The same horse and equipment used for each participant prior to enrollment in the study were continued throughout the duration of the study. Standard reins with added loops were utilized, which were purchased from www.freedomrider.com. Three individuals were present and active in all hippotherapy sessions: a physical therapist (Hippotherapy Clinical Specialist) who conducted the session, a side walker, and a horse handler who led the horse based on the directions of the physical therapist. Attempts were made to maintain midline positioning for all participants in an abducted forward position on the horse, and corrections were made by the physical therapist and side walker to manually align the participant and/or the horse throughout the treatment session. Professional Association of Therapeutic Horsemanship (PATH) International standards for safety and best practice were observed at all times during each treatment session (PATH International Standards and Accreditation Manual, 2012). The hippotherapy intervention was individualized according to each participant’s abilities while attempting to maintain as much consistency among participants as possible. To ensure safety and optimal positioning, participants were given adequate support by the side-walker and physical therapist. 
Data Collection and Analysis 
Pre-testing using the BOT-2 occurred during two consecutive weeks no more than 7 days prior to the implementation of hippotherapy with reins. Intervention with reins occurred over a seven- week period, and post-testing occurred during two consecutive weeks no more than 7 days following the termination of rein use. Pre- and post-testing occurred at the hippotherapy facility in an indoor therapy room during regular hours of operation. All data collecting sessions lasted approximately 15 minutes for each participant, and the legal guardians remained on site for the duration of the testing. No audio recordings, video recordings, or photographs were taken of the participants, and all data collection forms were numerically coded to ensure confidentially. 
In order to determine the differences between pre- and post- BOT-2 test scores, a two-tailed Wilcoxon Signed Ranks Test in SPSS version 20.0 software was employed for analysis. The alpha level was pre-set at 0.05. The Wilcoxon test, a nonparametric analog to the t-test for related samples, was chosen due to a sample size of less than ten and the use of continuous variables. 
The results of pre- and post-test qualitative questionnaires regarding caregiver perceptions of the effects of hippotherapy with reins on fine motor control were analyzed for potential correlation with quantitative results. More specifically, the results of the post-test were analyzed for reoccurring themes, and the percentage of response occurrence was calculated for participants who were included in the quantitative portion of the study, participants who were not included in the quantitative portion of the study, and both groups combined. 
Results 
Quantitative Results
Differences between pre- and post-test quantitative results were not found to be statistically significant on any of the subtests: fine motor precision (p=1.00; p=.098), fine motor integration (p=.066; p=.317), and manual dexterity (p=.083). 
Qualitative Results 

Findings from post-test qualitative questionnaires yielded no reports of negative effects on fine motor control due to rein use; however, some reports were provided indicating improvement in fine motor control among select participants. Additionally, reports were provided that indicated no change in fine motor control between pre- and post-test questionnaires of other select participants. All post-test qualitative results are presented in Table 2. Included in Table 3 are direct caregiver quotes derived from the results of the post​-test questionnaire illustrating perceived improvements in fine motor control for a select group of participants. 
Question 1: “Over the past 7 weeks, have you observed any changes in your child’s fine motor ability during daily activities at home or in the community? If so, please describe these changes.”

Of caregiver questionnaires for participants who were included in both the quantitative and qualitative portion of this study, 62.5% indicated no observed changes in fine motor ability, and 37.5% reported improved functional use of upper extremity(s). Of caregiver questionnaires for participants who were only included in the qualitative portion, 33% indicated no observed changes in fine motor ability, 17% reported improved functional use of upper extremity(s), and 50% reported improved grasp and release. For caregiver questionnaires for all 14 participants, no change in fine motor ability was reported among 50% of caregivers, improved functional use of extremities was reported among 29%, and improved grasp and release was reported among 21%. 
Question 2: “Over the past 7 weeks, have your opinions of hippotherapy services for your child changed? If so, please explain.”
Of caregiver questionnaires for participants who were included in both the quantitative and qualitative portion of this study, 87.5% reported no change in opinions of hippotherapy services, and 12.5% reported not applicable or did not provide an answer. Of caregiver questionnaires for participants who were only included in the qualitative portion, 67% reported no change in opinions, and 37% indicated improved opinions of hippotherapy services. For caregiver questionnaires for all 14 participants, 79% reported no change, 7% reported not applicable or did not provide an answer, and 14% indicated improved opinions of hippotherapy services. 
Question 3: “Over the past 7 weeks, have your perceptions of advantages/disadvantages of hippotherapy for your child changed? If so, please explain.”
Of caregiver questionnaires for participants who were included in both the quantitative and qualitative portion of this study, 12.5% reported changes in observed advantages of hippotherapy services, 75% reported no change in perceptions of advantages or disadvantages, and 12.5% reported not applicable or did not provide an answer. Of caregiver questionnaires for participants who were only included in the qualitative portion, 33% reported changes in observed advantages, and 67% reported no change in perceptions of advantages or disadvantages of hippotherapy services. For caregiver questionnaires for all 14 participants, 21.5% reported changes in observed advantages, 71.5% reported no change, and 7% reported not applicable or did not provide an answer. 
Question 4: “Over the past 7 weeks, has your child received any new types of therapeutic services or terminated any other types of therapeutic services(i.e. traditional occupational therapy or physical therapy services, sensory integration services, behavioral therapy, psychosocial services, etc.)? If so, please explain”

For caregiver questionnaires for all 14 participants, 14% of caregivers indicated a change in therapy services; however, none of these changes were perceived to impact fine motor ability. The remaining 86% of caregivers did not report any changes in therapy services. 
Discussion

The purpose of this study was to examine the effects of the implementation of reins into hippotherapy treatment on fine motor control of individuals qualified to receive hippotherapy services. Based on analysis of the quantitative data, none of the participants showed significant improvement on the BOT-2 fine motor precision, fine motor integration, and manual dexterity subtests. However, a review of qualitative data suggested perceived improvements in gross grasp and release as well as functional use of upper extremity(s) for a number of participants. Because this is the first study of its kind to evaluate the effects of hippotherapy treatment on fine motor control, we are unable to compare these quantitative and qualitative results to the results of previously conducted research.  
Qualitative questionnaires regarding the perceptions of hippotherapy intervention and fine motor control were included in this study to evaluate whether quantitative results were reflected in the everyday lives of the participants who could perform the standardized assessment of fine motor control as well as to gather caregiver perceptions of changes in fine motor control among those participants who were unable to perform the BOT-2 in a standardized fashion. Results indicated consistency between quantitative and qualitative data for those individuals who participated in the collection of quantitative data. In other words, both qualitative and quantitative results yielded no significant changes in fine motor ability as a result of the addition of reins into hippotherapy treatment. Further, for those who only participated in the qualitative portion of this study, 67% of caregiver reported an improvement in fine motor ability. However, because these individuals were unable to perform the BOT-2 assessment in a standardized fashion, no quantitative data is available to substantiate these perceived improvements. For all individuals participating in the qualitative portion of this study, 50% of caregivers reported an improvement in grasp and release and functional use of upper extremity(s). For all participants in the qualitative portion of the study, the majority of caregivers (79%) reported no change in opinions of hippotherapy services. The majority (71%) of caregivers also reported no change in perceived advantages and disadvantages of hippotherapy services. 
Possible reasons to explain the discrepancy between quantitative and qualitative findings for both individuals who participated in both portions include caregiver bias, functional improvements that were not measurable by the chosen assessment tool, and fluctuation of symptoms and behaviors associated with the participants’ diagnoses. Additionally, changes in therapeutic services of participants were considered as possible confounding variables to the results of both qualitative and quantitative data. From the results of the post-test qualitative questionnaire, no relevant changes in therapeutic services were reported. 
In addition to caregiver perspectives, the following is a description of observations made by the primary physical therapist/Hippotherapy Clinical Specialist providing treatment:

 

“Overall, everyone really enjoyed using the reins. Their trunk control improved as we went through the weeks. We did notice an increase in fatigue and yawning at the beginning of the study, which dissipated on week 3. The clients with STNR [Symmetrical Tonic Neck Reflex] reflexes would use this reflex to make the horse stop and go. The clients with ATNR [Asymmetrical Tonic Neck Reflex] reflex would use this to make the horse turn by looking away and then turning. The clients with poor grips required the assist of hand over hand and tenodesis facilitation during their sessions, but all of them were able to target their arms to touch the reins to initiate grip by the end, and they were able to maintain their grip for up to 800 feet by the end of the 7 weeks.  Also, all of the clients advanced from just holding the rein out briefly to turn to holding it out for a complete circle. Finally, all clients advanced from having to turn the horse from a stopped position due to poor motor planning to being able to turn in alternate directions off of verbal cues and tactile cues while moving. The exceptions to these advancements were 2 subjects, given that they were independent from the first session; therefore, no significant change was noted. The most severely affected clients demonstrated the most significant gains; however, I am not certain that the test chosen will be sensitive enough to indicate this because it assumes a high starting point” (J. Allen, personal communication, March 30, 2012).
In the aforementioned quote, the physical therapist/Hippotherapy Clinical Specialist states, “The most severely affected clients demonstrated the most significant gains...” (J. Allen, personal communication, March 30, 2012). This clinical observation was supported by the results of the qualitative data for all individuals included in the study, as this data found a 37.5% perceived improvement in fine motor ability for participants included in the collection of quantitative data (able to perform the BOT-2 in a standardized fashion and, therefore, perceived to be at a higher starting functional level) compared to a 67% perceived improvement for participants not included in the collection of quantitative data. Those individuals who were not able to perform the BOT-2 assessment in a standardized fashion, and, therefore, not included in the quantitative portion of the study, were most likely unable to do so as a result of more severe impairments. Ergo, perceived improvements among caregivers for the individuals not included in the quantitative portion of the study are congruent with the clinical assumption of the physical therapist/Hippotherapy Clinical Specialist providing services. 
As stated above by the physical therapist/Hippotherapy Clinical Specialist, the tool used to measure fine motor control, the BOT-2, assumes a relatively high starting point for fine motor control, which may account for the inability of 6 out of 14 participants to perform this assessment in a standardized fashion. Based on the population of individuals receiving hippotherapy services at the facility utilized in this study, the starting point of this assessment may be too high to adequately measure the fine motor control of all individuals qualified to receive hippotherapy services. As a consequence of the high starting point of the BOT-2, this tool was most likely not sensitive enough to detect more minute changes in fine motor control among participants who demonstrated more significant cognitive and physical limitations. Thus, we suggest future research utilizing tools that assume a lower starting point in order more accurately analyze the effects of hippotherapy with reins on fine motor control.
Identifying goals that are functionally and contextually relevant to the patient and/or caregiver may prove a more responsive measure of change. As stated previously, a number of caregivers believed that the introduction of reins into their child's hippotherapy sessions had a positive effect on gross grasp and grasp and release; therefore, follow-up studies are warranted to investigate the use of reins for improving gross grasp in individuals with varying disabilities who receive hippotherapy services. 

The limitations of this study concern a lack of prior research, a small sample size, limited generalizability of the results, confounding variables, the duration of the study, and sensitivity of the measurement tool used. Due to a paucity of research regarding fine motor control and hippotherapy, the design of this study was developed without the guidance and recommendations from prior studies. Secondly, the sample size for the study was small, consisting of only 8 participants. If patients who receive hippotherapy at the facility used for this study are different from the overall population of patients receiving hippotherapy including, but not limited to, age, diagnosis, and severity of disability, the results of our study will have little generalizability. Replication with other developmental disabilities would increase the clinical utility, confidence, and generalizability of conclusions regarding the use of reins for improving fine motor control in individuals with varying disabilities who receive hippotherapy services. Confounding variables identified in this study include varying disease processes and severity of diagnoses as well as the fluctuation of symptoms and behaviors associated with the participants’ diagnoses. Cerebral Palsy, for example, is a very complex diagnosis for which homogeneity among the population is not feasible. Therefore, generalization of our study to other individuals with Cerebral Palsy is not recommended. Additionally, results from the participants’ sensory profile questionnaires indicated that confounding variables relating to sensory integration issues could have impacted the results of this study. 

Several studies show the benefits of hippotherapy services when provided for more than seven consecutive weeks (Casady, & Nichols-Larsen, 2004; McGibbon, Benda,  Duncan, & Silkwood-Sherer, 2009; Shurtleff, & Engsberg, 2010); however, the reins were introduced for a period of only seven weeks to investigate their efficacy in improving fine motor control. Increasing the duration of this study to a period of greater than seven weeks may have yielded different results. Thus, we recommend future experimental studies to examine the effects of hippotherapy on fine motor control in patients diagnosed with a broad number of pathologies have more than seven weeks of continuous interventions utilizing a longitudinal study. 
Conclusion
While the quantitative results of this study were unable to lend support to the use of hippotherapy intervention with reins to improve fine motor control, the qualitative data suggesting that hippotherapy with reins may improve grasp and release or functional use of upper extremity(s) may prove beneficial to the field of occupational therapy and should, therefore, be researched further. Additionally, we identified multiple participants with primitive ATNR and STNR reflexes among the sample. A possible area of future research may be to evaluate the effects of bilateral rein use on the integration of these primitive reflexes. In regard to potential effects of hippotherapy on fine motor function, this research study, despite a lack of statistically significant quantitative results, may provide a foundation for further research in this area and contribute to the body of literature on hippotherapy intervention as a whole. 
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Table 1. Caregiver Questionnaires
	Pre-Test Questionnaires
	Post-Test Questionnaires

	How long has your child participated in hippotherapy services?
	Over the past 7 weeks, have you observed any changes in your child’s fine motor ability during daily activities at home or in the community? If so, please describe these changes.



	Since beginning hippotherapy, have you observed any changes in your child’s fine motor ability (i.e. grasping, manipulating toys or objects, writing, feeding, etc.) during daily activities at home or in the community? If so, please describe these changes.
 
	Over the past 7 weeks, have your opinions of hippotherapy services for your child changed? If so, please explain.



	Based on your experiences, what is your overall opinion of hippotherapy services?
	Over the past 7 weeks, have your perceptions of advantages/disadvantages of hippotherapy for your child changed? If so, please explain. 



	What do you perceive are the advantages/disadvantages of hippotherapy for your child?
	Over the past 7 weeks, has your child received any new types of therapeutic services or terminated any other types of therapeutic services(i.e. traditional occupational therapy or physical therapy services, sensory integration services, behavioral therapy, psychosocial services, etc.)? If so, please explain. 



	Please list any other types of therapeutic services your child is currently receiving in addition to hippotherapy (i.e. traditional occupational therapy or physical therapy services, sensory integration services, behavioral therapy, psychosocial services, etc.). 
	Are there any additional comments that you would like to make?

	Are there any additional comments that you would like to make?
	


Table 2. Post-Test Qualitative Results

	Question
	Participants Included in Quantitative Data
	Participants Not Included in Quantitative Data
	Groups Combined

	1
	62.5%- No Change
	33%- No Change
	50%- No Change

	
	37.5%- Improved Functional Use of UE(s)
	17%- Improved Functional Use of UE(s)
	29%- Improved Functional Use of UE(s)

	
	
	50%- Improved Grasp/Release
	21%- Improved Grasp/Release

	2
	87.5%- No Change 
	67%- No Change
	79%- No Change

	
	12.5%- NA/No Answer
	
	7%- NA/No Answer

	
	
	33%- Opinions Improved
	14%- Opinions Improved

	3
	12.5%- Change in Observed Advantages
	33% Change in Observed Advantages
	21.5%- Change in Observed Advantages

	
	75%- No Change
	67%- No Change
	71.5%-No Change

	
	12.5%- NA/No Answer
	
	7%- NA/No Answer

	4
	62.5%- No Change in Services
	100%- No Change in Services
	79%- No Change in Services

	
	12.5%- NA/No Answer
	
	7%- NA/No Answer

	
	12.5%- Terminated Behavioral Therapy
	
	7%- Terminated Behavioral Therapy

	
	12.5%- Commenced Aquatic and Music Therapy
	
	7%- Commenced Aquatic and Music Therapy


Table 3. Caregiver Responses 

	“[His/her] teachers and therapists have expressed that [his/her] grasp and release is much better.”

	“[He/she] is able to brush hair and put clothes on easier and also able to open and close things easier.” 

	“We have observed our child using his/her affected arm more functionally at times.” 

	“My child has been holding objects in [his/her] hands better over the last 7 weeks. [His/her] grasp has improved as well.” 


