
https://doi.org/10.1177/11795476221148866

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial  
4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without 

further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Clinical Medicine Insights: Case Reports
Volume 16: 1–15
© The Author(s) 2023
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/11795476221148866

Introduction
Rubinstein-Taybi Syndrome (RSTS) is a complex neurodevel-
opmental disorder characterized by poor physical growth, 
mental retardation, microcephaly, dysmorphic facial features, 
broad thumbs, and big toes.1-3 RSTS is a rare syndrome first 
described in 1963 by Rubinstein and Taybi.4 RSTS is caused by 
a microdeletion of chromosome 16p13.3, or by a mutation in 
either CREB-binding protein (CBP) or E1A-binding protein 
(p300).5 The incidence of RSTS is 1 in 100,000 to 125,000 live 
births.6 Delays in motor development and skills, language and 
social functions are the most common symptoms in RSTS and 
present in 98.5% of children diagnosed with this disorder. 
Parents report behavioral problems in 25% of children which 
are often characterized by short attention, stubbornness, lack of 
persistence, and sudden mood changes.1,7,8 Studies of individu-
als with RSTS have shown they may experience sensory sys-
tem-based difficulties such as hearing loss, and a variety of 
visual deficits.9-12 In addition, challenges in social, cognitive 
and motor development are reported in studies on children 

with RSTS.13,14 Motor concerns in RSTS include low muscle 
tone and motor developmental delays, clumsiness, poor coordi-
nation, and insufficient postural control15 which may be 
hypothesized to be related to decreased proprioceptive and/or 
vestibular processing.16,17 Functional limitations in children 
with RSTS which maybe related to these sensory and motor 
challenges include feeding difficulties18 and hand skills and 
object manipulation difficulties.14,19-22

Sensory integration is the process of organizing sensory 
inputs so that the brain produces a productive and meaningful 
body response and also useful perceptions, emotions, and 
behaviors.20 During sensory integration, sensory information is 
registered, modulated, and interpreted to produce adaptive 
responses.23 Difficulties in sensory processing and integration 
may contribute to many behavioral, emotional, and motor 
problems in children which interfere with daily functions and 
performance.24 Although there are many classification systems 
that describe sensory processing and integration disorders, 
the most recent classification categorizes sensory integration 
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challenges as sensory modulation (including sensory reactivity) 
and sensory perception-based difficulties including sensory 
discrimination and praxis challenges.22 Sensory reactivity is 
characterized by excessive or reduced reactions to typical levels 
of sensation that interfere with participation in daily life and 
consists of 2 main subtypes: Over-responsivity (aversive and/or 
defensive reactions) and under-responsivity (poor registration) 
to sensory experiences. Sensory reactivity may cause behavioral 
consequences such as attention, regulation, affect and activity 
level challenges, and withdrawal from sensory experiences, sen-
sory seeking, and poor self-esteem. Sensory perception is 
defined as difficulty identifying, discriminating, and interpret-
ing sensation and may interfere with a child’s ability to use sen-
sations for activities, for example such as processing visual and 
tactile sensations for praxis and motor skills needed to button 
clothes.25 Poor postural-ocular control, difficulties in sensory 
discrimination and body schema, vestibular-based bilateral 
integration, sequencing problems, and somatodyspraxia are all 
considered sensory perception-related dysfunctions. Behavioral 
consequences of poor sensory processing and integration 
include poor self-esteem or self-efficacy, avoidance of motor 
activities, poor gross, fine, visual-motor coordination, and 
organization skills and sensory seeking.22 Sensory reactivity 
problems are determined by direct observation and family 
interviews and caregiver questionnaires (eg, Sensory Profile 
[SP] or Sensory Processing Measure [SPM]) while sensory 
perception-based difficulties are primarily determined by direct 
observation, direct administered assessment measures (eg, 
Sensory Integration and Praxis Test [SIPT]) and sometimes 
with caregiver questionnaires (eg, the SPM is the only ques-
tionnaire that has questions on sensory perception and sensory 
perception-based problems).25 Ayres Sensory Integration® 
(ASI) is an evidence-based intervention approach used to treat 
these sensory integration-based participation difficulties (ie, 
play, feeding, gross, and fine motor areas) in populations such 
as children with Autism Spectrum Disorder (ASD).25,26

There is very limited research on sensory processing and 
integration challenges in RSTS. Some studies have suggested 
that individuals with RSTS have behavioral patterns similar to 
individuals with ASD whose sensory processing and integra-
tion difficulties are well documented.13,28,29 Thus, examination 
of sensory processing and integration problems in the RSTS 
population as a potential contributor to these behavioral pat-
terns is warranted as a previously unexamined area of concern. 
The knowledge base on child development points to the criti-
cal role of sensory–motor experiences for cognitive develop-
ment, movement skills, emotion regulation, social relationships, 
and activity participation in early childhood,20,30,31 all areas 
which are severely compromised in children with RSTS. In 
addition, there are a considerable number of studies which 
describe the importance of sensory integration for the brain’s 
ability to generate appropriate responses to these sensory-
motor experiences.20,22,32

RSTS is primarily treated by physical therapists using tradi-
tional motor performance interventions such as NDT.33 These 
approaches are limited as they do not specifically address 
broader sensory-based issues or functional occupational per-
formance concerns. Ayres Sensory Integration® (ASI), how-
ever, is a commonly used theoretical intervention framework 
used by occupational and physical therapists which address 
sensory integration-based fuctional motor skills.22 This 
approach is often unknown and unused among therapists 
who work with individuals with physical disabilities. However, 
ASI is based on many principles of enriched environments 
such as sensory experiences, challenge, and active engage-
ment which have been found to have positive effects on 
physical disabilities.34 ASI is also guided by parent and client 
goals. In children with RSTS, the literature suggests that 
behavioral problems such as short attention and sudden mood 
changes that may affect social and cognitive performance and 
motor development are the most desired areas of change by 
parents.1,7,8,13,35 These areas align well with the goals of ASI 
intervention. Therefore, ASI intervention may prove to be a 
unique and important intervention for addressing the sensory 
motor challenges (and related behavioral and functional diffi-
culties) found in children with RSTS.

This case report focused on possible sensory processing and 
sensory integration-based functional and motor problems in a 
child diagnosed with RSTS. Individualized intervention pro-
grams for children with RSTS are created according to the spe-
cific developmental difficulties identified in these children. 
ASI intervention was used for this case with RSTS due to 
reported possible sensory processing and integration problems 
by the family and the physiotherapist that referred the child for 
services. ASI intervention is based on sensory integration the-
ory which articulates that sensory-motor skills may be improved 
through active participation in meaningful individualized sen-
sory and motor experiences which increase the child’s ability to 
make adaptive responses to environmental demands and which 
consequently allow the child to better engage in functional 
activities.36

Study objective
To investigate sensory processing, sensory integration and 
motor functioning of a 3-year-old child with RSTS pre and 
post 2 months of ASI intervention.

Method
Study design

A descriptive case report design was used to evaluate the effec-
tiveness of ASI intervention on sensory processing, sensory 
integration, motor functions and parental goals in a 3-year-old 
child with RSTS. While there are limitations of case reports, 
they represent an important study design to advance scientific 
knowledge, especially of rare diseases such as RSTS.37 The case 
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report approach provides the researcher the opportunity to col-
lect data from various sources and to analyze the data to illumi-
nate the case38,39 and to analyze intervention outcomes.40 
Although the case report approach does not allow generaliza-
tion of findings, it informs clinical practice by explicating clini-
cal problems and useful solutions.

A specific method was utilized to gather and organize data 
as recommended by Schaaf and Smith Roley41 (See Figure 1). 
The child was referred to the first author by his hospital-based 
physiotherapist due to lack of progress and concerns that the 
child had problems processing and integrating sensation which 
were interferring with his progress. A developmental and sen-
sory history completed by the parents, an informal parent 
interview in which the family freely described their main con-
cerns, and a review of previous evaluation reports supported 
these referral concerns and suggested that many of the parents’ 
concerns could be related to sensory processing and integra-
tion difficulties, thus a formal comprehensive sensory integra-
tion-based evaluation was completed. The evaluation consisted 
of systematic observations of the child’s responses to sensory 
activities in the clinical setting; parent completion of the 
Sensory Profile (SP)42 and the Sensory Processing Measure-
Preschool (SPM-P) Home43; and administration of the 
Gross Motor Function Measure (GMFM)44 and Peabody 
Developmental Motor Scales-2 (PDMS-2)45 by the lead clini-
cian. Based on the parent-report and therapist administered 
assessment data, specific goals were developed using Goals 
Attainment Scaling (GAS) and reviewed with the child’s 
mother to assure that the goals identified and addressed appro-
priate areas of concern (see Table 4). Post-intervention docu-
mentation was collected at the end of the second month of 
intervention which included the same questionnaires and 
assessments used at initial evaluation. A follow-up parent 
interview was also conducted to obtain feedback about the 
child’s past and present concerns and to investigate parent per-
ception of the success of the ASI intervention program in 
meeting the child’s needs. Written consent was obtained from 

the family of the individual participating in the case study 
before the study started.

Participant

A detailed developmental and medical history gathered from 
the child’s mother revealed that K is a 3-year-old male born 
after a full-term pregnancy. His medical history showed that he 
had meconium aspiration at delivery and was hospitalized in 
the NICU for 21 days. At 1 month of age he was diagnosed 
with Rubinstein-Taybi Syndrome at the Istanbul University, 
Istanbul Faculty of Medicine Hospital, Child Neurology 
department. After the diagnosis, the family was referred to the 
hospital’s early intervention services which consisted of pediat-
ric physiotherapy and child development specialist supports. 
The child worked with the same professionals until 3 years of 
age who primarily utilized a traditional NDT intervention 
approach with minimal success. A comprehensive assessment 
conducted at age 3 by the early intervention team found that K 
continued to demonstrate significant delays in fine and gross 
motor skills, as well as social-emotional, language and cognitive 
areas. The professionals who completed the assessment con-
cluded that K’s gross motor skills had progressed less than 
expected. Parents further reported that K was afraid of move-
ment and they and the early intervention physiotherapist 
believed that his fear of movement was related to gravitational 
insecurity (a sensory integration-based movement problem) 
and his motor delay. Consequently, the physiotherapist referred 
K to the first author for a sensory integration evaluation and 
ASI intervention.

K’s mother was interviewed at intake to determine areas of 
challenge for K related to participation in home and commu-
nity activities. His mother described K as a child who was anx-
ious when confronted with a new person, object or environment 
and that he preferred to sit rather than move. She reported he 
was able to crawl on flat floors, stand up by holding on, and 
walk by holding on to the edge of the seat. She further reported 
that he refused to free his hands while standing, was not able to 
crawl on an angled or uneven surface, got stressed when he 
tried to sit on swing and refused new toys, especially textured 
materials. She indicated that his hand skills were not developed 
enough to manipulate crayons, spoon or fine motor toys in an 
age-appropriate manner and his expressive and receptive lan-
guage was quite limited. He had 5 to 10 simple words, however, 
he was not able to use them in a sentence and he could only 
understand simple instructions. Moreover, she reported many 
concerns around all developmental areas. Primary concerns 
were that he was not able to walk independently, had difficul-
ties in engaging in play activities that included moving objects 
such as ball play and that he was afraid of playground equip-
ment such as swings. His poor communication skills, refusal to 
touch foods and being a picky eater especially in regard to solid 
foods were other major concerns of the family. The child was 
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Figure 1. Method utilized to gather information. Adapted from Schaaf 

and Smith Roley.41
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further assessed by a specialist for swallowing and no anatomi-
cal problems were found related to feeding.

Assessments

In addition to performing the detailed parent interview 
described above, an independent evaluator completed a series 
of assessments as noted above. No appropriate standardized 
therapist administered assessments for sensory integration are 
available for a child of K.’s age and disability level, therefore, 
parent report measures were the only option. A few measures 
were considered and rejected as they were not available to the 
authors or were not appropriate for the child’s developmental 
level. To obtain the best information, 2 different parent-report 
measures were used to evaluate sensory processing and integra-
tion functions. The Sensory Profile (SP),42 which is the most 
widely used measure to evaluate sensory processing difficulties 
addresses largely sensory modulation and reactivity and related 
behavioral problems was completed. The Sensory Processing 
Measure-Preschool (SPM-P) Home,43 which also addresses 
sensory modulation but, additionally, has questions related to 
sensory integration, (including perception and sensory dis-
crimination) and praxis skills not addressed on the SP was also 
completed.

The SP is a 125-question standardized criterion-referenced 
family questionnaire that measures children’s responses to sen-
sory events in daily life. It provides data about how patterns in 
sensory processing might contribute to, or create barriers to, 
performance in daily life. The version used was appropriate for 
children 3 to 10 years of age. Test-retest and inter-rater reli-
ability is well established and the measure has been found to 
successfully differentiate between children who are develop-
ing typically and children with a range of developmental 
conditions.22,42 Scores are reported as raw scores which then 
are categorized as Typical Performance, Probable Difference 
and Definite Difference based on cut scores for each category. 
Thus change results are indicated by movement between cate-
gories and/or changes in raw scores by subcategories. No total 
score is available for the SP. Standard errors of measure are 
provided to identify confidence intervals for the raw scores. 
Raw score changes that result in non-overlapping confidence 
intervals for pre and post scores indicate statistically significant 
improvement. Scores are not rated by age.

The SPM-P Home is a 75-question standardized, parent/
caregiver report questionnaire that requires the caregiver to rate 
the frequency of behaviors on each item.43 The SPM-P Home 
includes areas of social participation, vision, hearing, touch, 
taste and smell, body awareness, balance and motion, and plan-
ning and ideas subscales. These areas assess different aspects of 
sensory integration (such as perception or discrimination), 
motor performance, and their impact on social participation. 
The SPM-P Home version used is appropriate for children 2 
to 5 years of age. The measure has established discriminative 
validity between children with special needs from various 

clinical groups and typically developing children.22,46 Scores 
are reported in standard T-scores by age which are then con-
verted to categories of Typical Function, Some Problems and 
Definite Problems based on cut scores. 95% confidence interval 
are provided for each T-score. With a single subject signifi-
cance testing for pre post change in scores is accomplished by 
the presence of non-overlapping confidence intervals for pre 
and post T-scores.

The Peabody Developmental Motor Scales-2 (PDMS-2)45 
and The Gross Motor Function Measure-88 (GMFM-88) are 
performance-based therapist administered measures that assess 
fine and gross motor abilities. The PDMS-2 is comprised of 3 
gross motor and 2 fine motor subtests and is appropriate for 
children 1 month through 72 months of age. The PDMS-2 
generates standard scores for each subtest and gross motor, fine 
motor and total motor quotients. Confidence intervals are also 
presented for each score. The PDMS-2 has good discrimina-
tive reliability and validity and test-retest reliability is high.45,47

The GMFM-88 was used to examine gross motor develop-
ment, although originally developed for children with cerebral 
palsy (CP) or e CP type motor problems, it is stated in the 
manual that it may be used with children with developmental 
delays or severe motor, so was deemed appropriate for this 
child. The GMFM-88 is a standardized criterion referenced 
measurement tool designed to be used for both clinical and 
research purposes to measure change over time and the effec-
tiveness of interventions for children with disabilities, ages 
5 months to 16 years of age based on performance of specific 
gross motor skills.48,49 The PDMS-2 was used in addition to 
the GMFM-88 as it provided a more comprehensive evalua-
tion of all motor skills since it includes fine motor skills and 
object manipulation skills as well as gross motor skills. Scores 
on the GMFM-88 are reported as raw scores. No standard 
scores are available as the score is based on change of perfor-
mance in specific skills. Therefore, it is impossible to report if 
changes are statistically significant or not.

The GMFCS examined self-initiated functional move-
ments, with an emphasis on head and trunk control, sitting, 
transfers, and mobility. It is a 5-level pattern-recognition sys-
tem (Level I represents the best gross motor abilities and Level 
V the least function) developed originally for children with 
cerebral palsy or other neuromotor diseases. The classification 
of level-specific motor abilities is age dependent, and there are 
specific motor ability definitions for various levels in each age 
band. There are 5 described age bands: before the second birth-
day, from age 2 to 4, from 4 to 6, from age 6 to 12, and from 
age 12 to 18 years.50 Levels are reported as age bands. No 
standard scores are available.

Individual goals

Progress on individualized functional goals was gathered using 
Goal Attainment Scales (GAS). GAS is the most recom-
mended goal setting methodology for measuring change 
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during and after ASI intervention both in clinical and research 
applications.51 Evidence suggests that GAS is a reliable tool for 
use with children with sensory processing and integration 
challenges.52 GAS provides subjective information about the 
client’s needs and is a method of measuring the extent to which 
the client’s individual goals, set at the start of intervention, are 
achieved as a result of intervention.53 In general, a 5-point scale 
(–2 to +2) is used for scaling goals. Zero (0) is specified as the 
predicted level of performance, with –1 indicating somewhat 
less than expected outcome, −2 much less than expected out-
come, +1 somewhat more than expected outcome, and +2 
much more than expected outcome.54 While several other 
researchers have proposed different definitions for levels of this 
rating scale the GAS scaling used in this study was as described 
by Kiresuk et al.54 All evaluations before and after the interven-
tion were made by a therapist who was competent in the tests 
applied and was blind to the intervention (see Table 4).

Intervention

ASI intervention was selected as the most appropriate inter-
vention approach for this child because a comprehensive 
assessment of K’s sensory processing, integration and motor 
skills revealed the presence of problems processing and inte-
grating sensation. ASI intervention uses principles of sensory 
integration theory as developed by A. Jean Ayres and focuses 
on engagement in child-directed, sensory-rich experiences 
that are individually designed to address each child’s specific 
sensori-motor needs.25 The therapist promotes and adjusts the 
sensory qualities of the environment, encourages self-direction 
and play while facilitating adaptive responses in motor, affec-
tive, social, language, and cognitive functions.34,41 The goal of 
intervention is to improve the child’s ability to process and 
integrate sensory information as a basis for enhanced inde-
pendence and participation in daily life activities.22,36 ASI 
intervention is manualized with a well-validated fidelity meas-
ure. The data-driven decision making (DDDM) framework 
was used to guide the intervention and document the outcomes 
of intervention. DDDM is a systematic approach that is used 
to guide the clinican’s clinical reasoning and decision making 
by using data to guide assessment and intervention. The 
DDDM approach consists of 8 series of steps that create links 
from the child’s strengths and presenting concerns to collec-
tion and analysis of assessment data for hypothesis genera-
tion and testing.25 Use of the DDDM approach facilitates 
replicability of the intervention process.

The Ayres Sensory Integration Fidelity Measure© 
(ASIFM)55 was used to assure that the intervention provided 
for this case met the criteria for ASI intervention. Intervention 
was delivered by a physical therapist with advanced training 
and experience in ASI intervention and who met the therapist 
qualification outlined in the structural elements of the ASFIM. 
The therapist was trained in ASI with a minimum of 120 con-
tact hours and was supervised by a physical therapist with more 

than 10 years of experience in the field of sensory integration 
intervention. Fidelity for both the structural and process ele-
ments of ASI intervention was met using the ASFIM. The 
therapy space met the structural elements with a rating of 100 
of 100 points (Part I/Safe Environment: 10, Part II/Record 
Review: 38, Part III (A)/Physical Space: 10, Part III (B)/
Available Equipment: 36, Part IV/Communication with par-
ents and teachers: 6) as described in Parham et al.55 To ensure 
that treatment sessions were in compliance with the process 
elements criteria of ASIFM, randomly selected treatment ses-
sions from each week were rated by an experienced therapist 
that was trained on the ASIFM. The mean ASIFM process 
elements score of 8 randomly selected intervention sessions 
was 82.75 out of 100 which meets the criteria for fidelity. The 
therapist ensured physical safety, presented sensory opportuni-
ties, helped the child to attain and maintain appropriate levels 
of alertness, challenged postural, ocular, oral, or bilateral motor 
control, praxis and organization of behavior, collaborated in 
activity choice, tailored activity to present just-right challenge, 
ensured that activities were successful, supported the child’s 
intrinsic motivation to play and established a therapeutic 
alliance as described in the ASIFM process elements.25,55 
Intervention was provided for 50-minute sessions, 3 sessions 
per week, over a period of 8 weeks (Figure 2). The intervention 
was clinically-based and the family was informed about the 
intervention at the end of each session. No recommendation 
were made for any home activities and the family was advised 
to continue their routine daily life. See Figure 2 for examples of 
treatment activities.

Results for this descriptive case report are provided in 2 pri-
mary formats. Descriptive observational changes noted in 
functional performance and objective data obtained from pre 
and post testing. Because single cases using a pre-post format 
cannot be empirically tested using traditional significance test-
ing (eg, t-tests, ancovas, etc.), use of confidence intervals 
derived from population data is recommended as an acceptable 
means of determining if variability in pre-post scores is likely 
related to chance or not. 95% confidence interval are thus 
applied to each score. When pre-post scores have non-overlap-
ping confidence intervals, this reflects effect sizes greater than 
1 and indicates that the results are not likely to have occurred 
by chance, thus represents a true change.56 Therefore, this 
method was used, where possible, to determine if reported 
changes indicate true change or not. All confidence interval 
information was obtained from the appropriate assessment 
manuals.

Results
Observation changes

Unstructured clinical observations before intervention found 
that K was afraid of swings and most of the moving objects in 
the clinical setting such as big therapy balls. He also avoided 
moving his head out of a vertical position or moving on high 
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platforms. K avoided touching most of the tactile objects pro-
vided such as beans, fidget toys, and plush toys. He also rejected 
participation in messy activities such as playing in shaving 
cream. Although the child was able to crawl he was not able to 
navigate an obstacle course of uneven surfaces consisting of big 
mats, tunnels, and wedges. The child used gestures to ask his 
parents to do something for him such as bring a toy or help 
him move close to an object. His play repertoire was limited to 
activities such as pushing, pulling, or throwing objects. Further, 
clinical observation found that gravitational insecurity (GI), 
which is known to be related to vestibular processing was iden-
tified in this child. Indicators of GI were: child’s dislike for feet 
off the ground, fear of unstable surfaces, head position out of 
upright, and fear of disorienting visual stimuli such as moving 
objects in the environment.

After 2 months of intervention K demonstrated a clinically 
observable reduction in his gravitational insecurity. He was 
able to sit and enjoy swings while the swing was moved by the 
therapist. He was able to climb on or off the swings; and mov-
ing objects in the environment no longer bothered him. His 
participation in tactile play experiences increased and he started 
to explore objects more with his hands. The child was able to 
crawl over various objects in the obstacle courses and engaged 
in many activities involving gravitational challenges such as 
being on platforms high above the ground. One of the biggest 
developments observed was that the child started to take sev-
eral independent steps on flat ground. Further, K’s parents 
reported that he started to climb on the furniture and to show 
more interest in exploring places at home after intervention. 

His parents also observed that K now enjoyed ball play with his 
father and that he started to use utensils at meals.

Assessment f indings

Processing and integration of sensation. Performance changes on 
the SP were reported in 2 formats, changes in descriptive cat-
egories which reflect functional changes and raw scores with 
confidence intervals which provide insight into the statistical 
trustworthiness of the results. In the area of descriptive catego-
ries, before intervention, K’s SP revealed 6 definite differences, 
5 probable differences, and 3 typical performance scores in the 
sensory processing categories. He further had 3 definite dif-
ferences, 1 probable difference, and 5 typical performance 
scores on the factor scores of the SP before treatment (see 
Table 1-Before Therapy). Pre-intervention SP results demon-
strated that K had definite problems in the areas of vestibular, 
touch, and oral sensory processing. Findings from the SP also 
showed that K had definite sensory processing difficulties 
related to endurance/tone, modulation related to body position 
and movement, and definite differences on behavioral out-
comes of sensory processing. The factor summary of the SP 
showed that K had definite differences on low endurance/tone, 
oral sensory sensitivity, sensory sensitivity, and on fine motor/
perceptual. SP scores after 8 weeks of ASI® intervention dem-
onstrated significant changes in many category scores (see 
Table 1 for specific category changes). These areas included 
vestibular processing, touch processing, oral sensory processing, 
sensory processing related to endurance/tone, behavioral 

Figure 2. Sample activities from different ASI intervention sessions.
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outcomes of sensory processing and factors of sensory seeking, 
emotional reactivity, low endurance/tone, inattention/distract-
ibility, sensory sensitivity, and sedentary.

In the area of objective changes, significant improvements 
were identified in all areas that changed functional categories 
as post-test scores reflected non-overlapping confidence inter-
vals with pre-test raw scores. K demonstrated significant 
improvements in vestibular, touch and oral sensory processing. 
Post-intervention SP results also revealed that K performed 
significantly better in endurance and tone. Positive significant 
changes were also noted on behavioral outcomes of sensory 
processing suggesting that K performed better behaviorally at 
home. Performance on all factor categories were significantly 
improved except for oral sensory sensitivity, poor registration 
and fine motor/perceptual. See Table 1.

The SPM-P Home scores were reported in the same man-
ner as the SP, change in the descriptive category (based on raw 
scores) and reporting of confidence intervals. In this measure 
confidence intervals are based on the derived T-scores for the 
measure. Before intervention K had definite dysfunction in 
total sensory integration and in the areas of social participation, 
hearing, touch, balance and motion, planning and ideas, vision 
and some problems in body awareness (Table 2). K was over-
responsive to sounds, touch and motion. Poor visual discrimi-
nation and body awareness were definitely decreased. Following 
intervention, K’s SPM-P Home raw scores showed improve-
ment by changing the test’s interpretive category from Definite 
Dysfunction to Some Difficulties in visual, hearing, touch, bal-
ance and motion subtests, and total sensory integration indi-
cating functional improvements in these areas. Gains in social 
participation, body awareness, planning and ideas subtests were 
not sufficient to change the test’s interpretive category. See 
Table 2.

Objective scores on the SPM-P demonstrated decreased 
scores (eg, improved performance) in all areas except planning 
and ideas (see Figure 3). No areas had change sufficient to 

result in non-overlapping confidence intervals. However, hear-
ing and the total score are only 0.2 SEM’s different, a function-
ally negligible difference (see Table 3).

Motor performance. Pre-intervention PDMS-2 assessment 
results found that K had below average performance in both 
gross and fine motor areas. After intervention, K demonstrated 
improvements in raw scores for all areas except the stationary 
subscore (Table 4). Standard scaled scores improved in all areas 
except stationary and visual-motor integration. Gains in object 
manipulation and grasping subscores indicated changes 
among categories after therapy. Object manipulation changed 
1 category from Very Poor to Poor and grasping changed 2 
categories from Very Poor to Below Average. However, these 
improvements in scores pre- to post-intervention did not 
result in non-overlapping confidence intervals for each score. 
Thus while changes suggest there were observable functional 
improvements, it was impossible to determine if these changes 
were statistically significant as no confidence interval informa-
tion was available for these scores (see Table 4). The develop-
mental quotients of Gross Motor, Fine Motor and Total Score 
also reflected improvements in standard scaled scores in all 3 
areas. The Fine Motor Quotient changed descriptive category 
from Very Poor to Poor. However, the confidence intervals for 
the Gross Motor and Fine Motor scores were overlapping sug-
gesting no significant improvement. The Total Score confi-
dence intervals overlapped by only one point (eg, both included 
a score of 58), this again is a negligible overlap and may repre-
sent a significant overall change in motor performance (see 
Table 5).

The GMFM results are presented as percentage of raw 
scores out of a total possible score. No standard scores or con-
fidence intervals were available. Pre-intervention GMFM 
scores were 51/51 (100%) for gross motor activities of lying 
and rolling; 48/60 (80%) for sitting; 24/42 (57.1%) for crawling 
and kneeling; 5/39 (12.8%) for standing; 12/72 (16.6) (for 

Table 2. SPM-P Home category ratings according to raw scores and raw scores before and after treatment.

SUBTEST TyPICAl SOME PROBlEMS DEFINITE 
DySFUNCTION

SCORE BT SCORE AT

Social 8–16 17–21 22–32 26 23

visual 11–17 18–23 24–44 29 22*

Hearing 9–13 14–19 20–36 20 15*

Touch 14–20 21–29 30–56 36 25*

Body awareness 9–13 14–19 20–35 18 16

Balance and motion 11–14 15–19 20–44 28 18*

Planning and ideas 9–13 14–18 19–36 36 32

Total 58–83 84–110 111–232 139 104*

Cores with *indicate changes among categories after therapy.
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walking, running, and jumping; and 140/264 (53%) for total 
score. Post-intervention, K demonstrated improvement in per-
formance of discrete gross motor skills in 4 GMFM subscores 
and the total GMFM score (see Table 6). His scores improved 
20% for sitting; 14% for crawling and kneeling; 33% for stand-
ing; 11.5% for walking, running and jumping; and 16% for 

total score. These reflect production of specific developmental 
motor skills that were not present prior to intervention and 
which had not developed over the 3 years of previous NDT-
based therapy.

K’s observed gross motor performance initially was classi-
fied as Level III on the GMFCS (Table 7) at pre-intervention. 
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Figure 3. SPM-P Home standard T-scores before and after therapy (lower scores indicates improvements). No significant changes in T scores were 

found BT and AT. Abbreviations: BT, before therapy; AT, after therapy.

Table 3. SPM-P Home standard T-score confidence intervals before and after treatment.

SUBTEST BEFORE THERAPy CONFIDENCE INTERvAl AFTER THERAPy CONFIDENCE INTERvAl

 T-SCORE T-SCORE

Social 66 60.9–71.1 62 56.9–67.1

visual 79 73.3–84.7 74 68.3–79.7

Hearing 72 66.9–77.1 62 56.9–67.1

Touch 80 77.4–82.6 77 74.4–79.6

Body awareness 66 60.6–71.4 63 57.6–68.4

Balance and motion 80 74.7–85.3 73 67.7–78.3

Planning and ideas 80 75.9–84.1 80 75.9–84.1

Total 77 73.4–80.6 70 66.4–73.6

Table 4. PDMS-2 subscale raw scores, standard scores, and descriptive ratings before and after therapy.

SUBTEST SCORES RAw SCORES STANDARD SCORES DESCRIPTIvE RATINGS

BT AT BT AT BT AT

Stationary 38 38 6 6 Below average Below average

locomotion 50 74 1 3 very poor very poor

Object manipulation 3 10 1 4 very poor Poor*

Grasping 36 42 3 7 very poor Below average*

visual-motor integration 75 76 4 4 Poor Poor

Change in Object Manipulation and Grasping represents a 1 SD or greater improvement. Scores with *indicate changes among categories after therapy.
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Post-intervention observations, however, found K made defi-
nite functional progress with change in gross motor perfor-
mance to a GMFCS level I-2 (Table 7). This change indicated 
an improvement of 4 to 6 months of development over 2 months 
of intervention. While no standard scores are available for this 
measure this change suggests a greater gain than would have 
been expected by normal development alone, thus suggesting a 
significant improvement in performance of functional gross 
motor skills following ASI intervention.

Functional goal attainment. K’s goal attainment scales, estab-
lished prior to intervention, were rated by his parents post-
intervention. K attained the expected level of outcome for goals 
2 and 4 and demonstrated more than the expected outcomes 
for goals 1, 3, and 5 as depicted in Table 8. This resulted in a 
overall GAS score of 1 which indicates that K demonstrated 
somewhat more progress than expected following intervention. 
The GAS score of 1 translated to a t-score of 65.08 which 
reflects significant improvement on the goals 1.5 SD above 
expected performance. T-scores of 45 or greater indicate the 
child has achieved or exceeded the expected goal performance.

Discussion
This case report is the first known example of the use of Ayres 
Sensory Integration® intervention with a child with RSTS 
with difficulties processing and integrating sensations. Results 
provides preliminary support for the effectiveness of ASI inter-
vention on sensory processing (particularly sensory modula-
tion/sensory reactivity), functional gross motor skills, fine 

motor and functional parental goals in a young child with 
RSTS. Observable changes were also noted in reduction of 
gravitational insecurity symptoms and improvement in 
behaviors.

Outcomes in this case report were obtained from a variety 
of sources including observation of functional skills and behav-
iors as well as use of standardized assessments. As has been 
previously reported in the ASI literature, there were challenges 
in the use of some of the standardized assessments.28 In the 
area of processing and integrating sensations, the Sensory 
Profile found numerous significant improvements in behavior 
and functions, while the Sensory Processing Measure had no 
significant results. This difference may be attributed to the 
Sensory Profile primarily capturing changes in behaviors asso-
ciated with sensory modulation and overall behavior. While the 
Sensory Processing Measure reflected improved scores, these 
were not found to be significant. This is possibly due to the fact 
that this test measures sensory modulation but also measures 
sensory discrimination and praxis skills not captured on the 
Sensory Profile. It is possible that changes in these areas of 
discrimination and praxis were not sufficient to result in statis-
tically significant changes with the short duration of interven-
tion provided to this case.

In the area of motor skills, the Gross Motor Function 
Measure, the Gross Motor Function Classification System and 
the Peabody Developmental Motor Scales all demonstrated 
improved performance in areas of fine and gross motor func-
tioning. The PDMS, however, did not reflect significant gains. 
This is likely due to this measure not being sensitive enough to 

Table 5. PDMS-2 quotient scores and confidence intervals before and after intervention.

QUOTIENT DEvElOPMENTAl QUOTIENT SCORES 95% CONFIDENCE INTERvAl DESCRIPTIvE RATINGS

BT AT BT AT BT AT

GMQ 53 64 45–61 56–72 very poor very poor

FMQ 61 73 51–71 63–83 very poor Poor*

TMQ 52 64 46–58 58–70 very poor very poor

Abbreviations: BT, before therapy; AT, after therapy.
Scores with *indicate changes among categories after therapy.

Table 6. GMFM scores before and after ASI therapy compared to maximum possible scores for age.

SCORES BT BT % SCORES AT AT % MAxIMUM SCORE

lying and rolling 51 100 51 100 51

Sitting 48 80 60 100 60

Crawling and kneeling 24 57.1 30 71.4 42

Standing 5 12.8 18 46.1 39

walking, running, and jumping 12 16.6 23 31.9 72

Total score 140 53 182 68.9 264

Abbreviations: BT, before therapy; AT, after therapy.
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capture change in motor performance at this child’s age and 
developmental level. Unfortunately, there are few standardized 
motor assessments appropriate for the age and functioning 
level of this child. The GMFM and the GMFCS, which exam-
ine functional skills, demonstrated more observably significant 
functional change but unfortunately do not have standard 
scores to allow for significance testing as their emphasis is on 
observable change. The findings of the sensory and motor tests 
is consistent with challenges demonstrating change in founda-
tional mechanisms identified in the ASI literature.28,57

The greatest changes were noted on measures and daily 
observations that captured functional performance change 
such as the Goals Attainment Scales. This finding is also 
consistent with recent studies examining ASI intervention 
effectiveness58,59 which recommend that outcomes of ASI 
intervention focus on functional performance instead of meas-
uring change in foundational mechanisms. Thus this case 
report provides important preliminary information on the use 
of ASI intervention with children with RSTS.

There is no known research in the literature on processing 
and integrating sensations in individuals with RSTS. Sensory 

processing and integration difficulties which may affect par-
ticipation in daily life are commonly reported in children 
with neurodevelopmental disorders.60-65 Outcomes of this case 
report align with research that suggests ASI intervention has 
positive effects on sensory processing and integration, motor 
function, and participation in children with developmental 
difficulties.26,58,66-72

Problems in social, cognitive, and motor development 
observed in children with RSTS are clearly noted in studies 
conducted to date.13,14,33 Motor concerns such as low muscle 
tone have been linked to the motor developmental delays seen 
in children with RSTS.73 These children may also have diffi-
culty in proprioceptive processing due to low muscle tone16,17 
and poor proprioceptive processing could be one of the factors 
that effects motor functions. On the other hand, low muscle 
tone, clumsiness, poor coordination, and insufficient postural 
control seen in individuals with RSTS15 may be a result of poor 
vestibular processing.22 The Sensory Profile results of the child 
in this study revealed a definite difficulty with endurance/tone 
and vestibular processing, which may affect motor functions. 
Further, gravitational insecurity (GI), which is known to be 

Table 7. Description of GMFCS levels for ages between second and fourth birthday, and childs’s motor performance according to GMFCS levels 
before and after therapy.

GMFCS lEvElS DESCRIPTION OF lEvElS DESCRIPTIONS SPECIFIC TO THE CASE

level I Children floor sit with both hands free to manipulate objects. 
Movements in and out of floor sitting and standing are 
performed without adult assistance. Children walk as the 
preferred method of mobility without the need for any assistive 
mobility device.

After therapy: K sits on floor with both hands free to 
manipulate objects. Movement in and out of floor sitting 
and standing were performed without adult assistance. 
K walks independently for short distances indoor.

level II Children floor sit but may have difficulty with balance when 
both hands are free to manipulate objects. Movements in and 
out of sitting are performed without adult assistance. Children 
pull to stand on a stable surface. Children crawl on hands and 
knees with a reciprocal pattern, cruise holding onto furniture 
and walk using an assistive mobility device as preferred 
methods of mobility.

 

level III Children maintain floor sitting often by “w-sitting” (sitting 
between flexed and internally rotated hips and knees) and 
may require adult assistance to assume sitting. Children creep 
on their stomach or crawl on hands and knees (often without 
reciprocal leg movements) as their primary methods of 
self-mobility. Children may pull to stand on a stable surface 
and cruise short distances. Children may walk short distances 
indoors using a hand-held mobility device (walker) and adult 
assistance for steering and turning.

Before therapy: K sits independently often by 
“w-sitting” and crawls on hands and knees as his 
primary method of self-mobility. Child pulls to stand on 
a stable surface and cruises short distances. He 
refuses to use hand-held mobility device for walking 
indoor short distances and prefers to hold on parents 
hand for that.

level Iv Children floor sits when placed, but are unable to maintain 
alignment and balance without use of their hands for support. 
Children frequently require adaptive equipment for sitting and 
standing. Self-mobility for short distances (within a room) is 
achieved through rolling, creeping on stomach, or crawling on 
hands and knees without reciprocal leg movement.

 

level v Physical impairments restrict voluntary control of movement 
and the ability to maintain antigravity head and trunk postures. 
All areas of motor function are limited. Functional limitations in 
sitting and standing are not fully compensated for through the 
use of adaptive equipment and assistive technology. At level 
v, children have no means of independent movement and are 
transported. Some children achieve self-mobility using a 
powered wheelchair with extensive adaptations.
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related to vestibular processing also was identified in this case. 
In children, GI may interfere with participation in many daily 
activities52 and K’s avoidance of standing on his feet without 
external support, avoidance of moving in different planes, or 
trying new motor activities could be a result of GI. RSTS indi-
viduals may have visual or hearing impairments,74,75 however, 
auditory processing deficits have not been found in the research 
to date, except for a brief note on noise intolerance.14 Moreover, 
evaluation results clearly demonstrated K.’s auditory over 
responsivity.

Feeding difficulties are another challenge faced by individu-
als with RSTS and their parents.18 Oral sensory sensitivity 
observed in this case may be one of the causes of feeding 
problems.20,76 Malformations of the hands and thumbs often 
cause obvious object manipulation difficulties in these children. 
Beyond the structural limitations seen in RSTS, tactile defen-
siveness found in this case can also be another important factor 
that causes hand withdrawal and avoidance of manipulative 
functions of the hand.19-22 Furthermore, there are studies which 
demonstrate that RSTS individuals have behavioral patterns 
similar to those with ASD.13,27,75 Since difficulties processing 

and integrating sensations are very common in the ASD 
population,28,29 there is a clear need for assessment of sensory 
processing and integration in the RSTS population. Families 
of children with ASD report that behaviors associated with 
difficulties processing and integrating sensations create social 
isolation for their child, restrict participation in daily living 
activities and impact social engagement.28 Consequently, ASI 
intervention is the most often requested service by parents of 
children with ASD to address problems associated with diffi-
culties processing and integrating sensations.77 Data provided 
by randomized controlled studies found that ASI® intervention 
has positive affects on social-communication, self-care and 
adaptive behaviors, preacademic skills, challenging behaviors, 
and motor skills of children with ASD28,72 ASI® is also now 
accepted as an evidence-based intervention for ASD.26 
Accordingly, it can be hypothesized that ASI intervention may 
help ameliorate ASD-like difficulties seen in RSTS.

A wealth of data confirming the beneficial effects of 
enriched environments (EE) comes from different experimen-
tal studies.78,79 EE is seen as a method of intervention with 
significant curative effects for many neurodevelopmental and 

Table 8. Goal Attainment Scale post-intervention.

GOAl −2 MUCH lESS-
THAN-ExPECTED 
OUTCOME

−1 SOMEwHAT lESS-
THAN-ExPECTED 
OUTCOME

0 ExPECTED OUTCOME 1 SOMEwHAT MORE-
THAN-ExPECTED 
OUTCOME

2 MUCH MORE-
THAN-ExPECTED 
OUTCOME

1 K will be able to play 
ball games at home 
with his father for 
1-2 min 5 days a week 
without fear of the ball 
rolling.

K will be able to play 
ball games at home with 
his father for 2-4 min 5 
days a week without 
fear of the ball rolling.

K will be able to play ball 
games at home with his 
father for 4-8 min 5 days 
a week without fear of 
the ball rolling.

K will be able to play 
ball games at home 
with his father for 
8-16 min 5days a week 
without fear of the ball 
rolling.

K will be able to play 
ball games at home 
with his father for 
more than 16 min 
5 days a week without 
fear of the ball rolling.

2 K will participate to 
play in messy fine 
motor activities such 
as foam, dough, sand 
and will be able to 
tolerate being in the 
activity for 0-1 min in 
all trials of the week 
(7 trials per week/1 
trial for each day).

K will participate to play 
in messy fine motor 
activities such as foam, 
dough, sand and will be 
able to tolerate being in 
the activity 1-2 min in all 
trials of the week (7 
trials per week/1 trial for 
each day).

K will participate to 
play in messy fine 
motor activities such 
as foam, dough, sand 
and will be able to 
tolerate being in the 
activity 2-4 min in all 
trials of the week  
(7 trials per week/ 
1 trial for each day).

K will participate to play 
in messy fine motor 
activities such as foam, 
dough, sand and will be 
able to tolerate being in 
the activity 4-8 min in all 
trials of the week (7 
trials per week/1 trial for 
each day).

K will participate to 
play in messy fine 
motor activities such 
as foam, dough, sand 
and will be able to 
tolerate being in the 
activity8-16 min in all 
trials of the week(7 
trials per week/1 trial 
for each day).

3 K will not tolerate or 
try sitting in 
playground swing. 
And he will cry or 
scream when put on 
swing even by him 
parents.

K will tolerate sitting in 
playground swing 
without fear 1 of 5 trials 
per week.

K will tolerate sitting in 
playground swing 
without fear 2 of 5 trials 
per week.

K will tolerate sitting in 
playground swing 
without fear 3 of 5 trials 
per week.

K will tolerate 
sitting in 
playground swing 
without fear 4 of 5 
trials per week.

4 K will rarely (20% of 
the time or less) try to 
eat solid foods with 
new texture.

K will sometimes (40% 
of the time) try to eat 
solid foods with new 
texture.

K will occasionally 
(60% of the time) try to 
eat solid foods with 
new texture.

K will frequently (80% 
of the time) try to eat 
solid foods with new 
texture.

K will always (100% 
of the time) try to eat 
solid foods with new 
texture.

5 K will be able to stand 
independently without 
support less than 5 s.

K will be able to stand 
independently without 
support between 5 and 
10 s.

K will be able to stand 
independently without 
support between 10 and 
15 s.

K will be able to stand 
independently without 
support between 15 
and 20 s.

K will be able to 
stand independently 
without support 
between 20 and 
25 s.

Bold areas indicates the level of achievement.
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neurodegenerative disorders.80-86 Nozari et  al87 showed that 
EE treatment prevents deficits related to cognitive perfor-
mance, spatial learning, memory, and motor functions in post-
natal MK-801 treated rats. A study on RSTS mice has shown 
that exposure to EE resulted in remarkable improvements in 
motor skill learning and memory.88 Lopez-Atalaya et al89 fur-
ther suggested that occupational therapy that uses EE may also 
ameliorate deficits seen in RSTS. After comparing 7 essential 
features of EE (sensory experiences, structural features, novelty, 
challenge, active engagement, play/enjoyment social and safety) 
with ASI, Reynolds33 suggested that ASI intervention shares 
many common features with EE. Moreover, structure and pro-
cess elements of the ASIFM also meet these 7 common fea-
tures of the EE model. Morgan et al90 describe 4 elements of 
EE interventions: cognitive, sensory, motor, and social. ASI 
intervention includes these 4 elements of EE with an emphasis 
on sensory enrichment.25

Based on this information, positive effects of ASI on RSTS 
may be related to the intervention’s enrichment effects. EE 
effects expression levels of genes (some of these genes are 
known to be associated with learning and memory) involved 
in neuronal structure, synaptic signaling, and plasticity.91,92 
Furthermore, researchers demonstrated that exposure to EE 
may induce an increase in brain-derived neurotropic factor 
(BDNF) levels in rodents, which leads to changes in synaptic 
plasticity in the brain.93-95 Thus improvements observed in 
this RSTS case may be related to both gene expression changes 
and increased BDNF due to the EE effects of the ASI 
intervention.

Finally, there are a number of limitations to this case report. 
The use of only parent report for assessment of sensory pro-
cessing and integration skills may introduce some bias. Also, 
the use of ASI intervention for only 2 months may not have 
resulted in as robust outcomes as might occur over a longer 
period of time, especially in the areas of sensory discrimination 
and praxis. This short intervention period also may have 
resulted in standard score changes that were not statistically 
significant due to large standard errors of measure. It is also 
possible that standardized assessments such as the PDMS-2 
and SPM-P are not sensitive enough to detect statistically sig-
nificant changes over a short period of time. In future studies, 
use of specific sensory integration assessments such as post-
rotary nystagmus96 or specific therapist-administered praxis 
tests would be warranted if appropriate for the age and devel-
opmental level of the children being evaluated. Further research 
over a longer intervention period and use of an A-B-A single 
case study design would address some of these concerns in 
future research. Use of blind examiners for the standardized 
administered assessments, however, were a strength of this case 
report as was documentation of the clinical reasoning process 
and use of the ASI fidelity measure to assure intervention 
fidelity. Finally, one case report which used principles of NDT 
demonstrated improvement in motor skills on the GMFM 

similar to those found in this report.33 Therefore a future study 
should compare NDT and ASI.

Conclusion
This case report demonstrated the first evidence of difficulties 
processing and integrating sensations in a child with RSTS. 
Results provided preliminary support for the effectiveness of 
ASI intervention on processing and integrating sensations, 
gross and fine motor function, and parental goals of a child 
with RSTS. Although this case provided information that can 
be useful for clinicians working with children with RSTS, as a 
case report, the results cannot be generalized to the larger pop-
ulation of individuals with RSTS. Additional studies are 
needed to validate these findings and to address limitations in 
the study.

Author’s  Note
Ayse Firdevs Aracikul Balikci is now affiliated to Paşabahçe 
Secondary School,  İstanbul, Turkey.

ORCID iD
Aymen Balikci  https://orcid.org/0000-0002-7552-8235

RefeReNCeS
 1. Cantani A, Gagliesi D. Rubinstein-Taybi syndrome. Review of 732 cases and 

analysis of the typical traits. Eur Rev Med Pharmacol Sci. 1998;2:81-87.
 2. Hennekam RC, Tilanus M, Hamel BC, et al. Deletion at chromosome 16p13. 3 

as a cause of Rubinstein-Taybi syndrome: clinical aspects. Am J Hum Genet.  
1993;52:255.

 3. López M, Seidel V, Santibáñez P, Cervera-Acedo C, Castro Castro-de P, 
Domínguez-Garrido E. First case report of inherited Rubinstein-Taybi syn-
drome associated with a novel EP300 variant. BMC Med Genet. 2016;17:97.

 4. Rubinstein JH, Taybi H. Broad thumbs and toes and facial abnormalities: a 
possible mental retardation syndrome. Am J Dis Child. 1963;105:588-608.

 5. Hennekam RC. Rubinstein-Taybi syndrome. Eur J Hum Genet. 2006;14:981-985.
 6. Milani D, Manzoni FMP, Pezzani L, et al. Rubinstein-Taybi syndrome: clinical 

features, genetic basis, diagnosis, and management. Ital J Pediatr. 2015;41:4.
 7. Stevens CA, Carey JC Blackburn BL . Rubinstein‐Taybi syndrome: A natural 

history study. Am J Med Genet. 1990; 37:30-37.
 8. Taff I, Madad SZ. Behavioral characteristics of patients with Rubinstein Taybi 

syndrome (RTS). Neurology. 1998;50:19106.
 9. Hennekam RC, Van Den Boogaard MJ, Sibbles BJ, Van Spijker HG. Rubin-

stein-Taybi syndrome in the Netherlands. Am J Med Genet Suppl. 1990;6:17-29.
 10. Rubinstein JH. Broad thumb-hallux (Rubinstein-Taybi) syndrome 1957-1988. 

Am J Med Genet. 1990;6:3-16.
 11. Van Genderen MM, Kinds GF, Riemslag FC,  Hennekam RC Ocular features 

in Rubinstein-Taybi syndrome: investigation of 24 patients and review of the 
literature. Br J Ophthalmol. 2000;84:1177-1184.

 12. Barco A. The Rubinstein-Taybi syndrome: modeling mental impairment in the 
mouse. Genes Brain Behav. 2007;6 Suppl 1:32-39.

 13. Waite J, Moss J, Beck SR, et al. Repetitive behavior in Rubinstein–Taybi syn-
drome: Parallels with autism spectrum phenomenology. J Autism Dev Disord. 
2015;45: 1238-1253.

 14. Taupiac E, Lacombe D, Thiébaut E, et al. Psychomotor, cognitive, and socio-
emotional developmental profiles of children with Rubinstein-Taybi syndrome 
and a severe intellectual disability. J Intellect Dev Disabil. 2021;46:80-89.

 15. Cazalets JR, Bestaven E, DoatE, et al.  Evaluation of motor skills in children 
with Rubinstein–Taybi syndrome. J Autism Dev Disord. 2017;47:3321-3332.

 16. Bundy AC, Lane SJ, Murray EA. Sensory Integration: Theory and Practice. F.A. 
Davis Company; 2002.

 17. Oh K, Rymer WZ,  Choi J. The speed of adaptation is dependent on the load 
type during target reaching by intact human subjects. Exp Brain Res. 
2021;239:3091-3104.

 18. Delaquis B.  Supporting individuals with Rubinstein-Taybi syndrome in educa-
tion. BU J Grad Stud Educ.  2020;12:37-39.

https://orcid.org/0000-0002-7552-8235


14 Clinical Medicine Insights: Case Reports 

 19. Wilson FR. The Hand: How its Use Shapes the Brain, Language, and Human Cul-
ture. Vintage; 1999.

 20. Ayres AJ. Sensory Integration and The Child. 25th anniversary ed. Western Psyco-
logical Services; 2005.

 21. Henry M,  Baudry S.  Age-related changes in leg proprioception: implications 
for postural control. J Neurophysiol. 2019;122:525-538.

 22. Bundy AC, Lane SJ. Sensory Integration: Theory and Practice. F.A. Davis Com-
pany; 2020.

 23. Miller LJ, Nielsen DM, Schoen SA. Attention deficit hyperactivity disorder and 
sensory modulation disorder: a comparison of behavior and physiology. Res Dev 
Disabil. 2012;33:804-818.

 24. Schaaf RC, Miller LJ. Occupational therapy using a sensory integrative approach 
for children with developmental disabilities. Ment Retard Dev Disabil Res Rev. 
2005;11:143-148.

 25. Schaaf RC, Mailloux Z. Clinican Guide for Implementing Ayres Sensory Integra-
tion® Promoting Participation for Children With Autism. AOTA Press; 2015.

 26. Steinbrenner JR, Hume K, Odom SL, et al. Evidence-Based Practices for 
Children, Youth, and Young Adults With Autism. FPG Child Development Insti-
tute; 2020.

 27. Char R, Miller R, Riddle I, et al. Understanding Rubinstein-Taybi syndrome: A 
Guide for Families and Professionals. University of Cincinnati Center for Excel-
lence in Developmental Disabilities (UCCEDD), Cincinnati Children’s Hospi-
tal Medical Center (CCHMC); 2019.

 28. Schaaf RC, Burke JP, Cohn E, et al. State of measurement in occupational ther-
apy using sensory integration. Am J Occup Ther. 2014;68:e149-e153.

 29. Roley SS, Mailloux Z, Parham LD, Schaaf RC, Lane CJ,  Cermak S. Sensory 
integration and praxis patterns in children with autism. Am J Occup Ther. 
2015;69:6901220010p1-6901220010p8.

 30. Piek JP, Barrett NC, Smith LM, Rigoli D, Gasson N. Do motor skills in infancy 
and early childhood predict anxious and depressive symptomatology at school 
age? Hum Mov Sci. 2010;29:777-786.

 31. Libertus K, Hauf P. Editorial: Motor skills and their foundational role for per-
ceptual, social, and cognitive development. Front Psychol. 2017;8:301.

 32. Lane SJ, Mailloux Z, Schoen S, et al. Neural foundations of ayres sensory inte-
gration®. Brain Sci. 2019;9:153.

 33. Kovela RK, Qureshi MI, Manakandathil A, Sinha MK, Dinesh N, Harjpal P. 
Rubinstein-Taybi syndrome: a rare case report of a female child emphasizing 
physiotherapy on gross motor function. Pan Afr Med J. 2021;40:85.

 34. Reynolds S, Lane SJ,  Richards L. Using animal models of enriched environ-
ments to inform research on sensory integration intervention for the rehabilita-
tion of neurodevelopmental disorders. J Neurodev Disord. 2010;2:120-13.

 35. Webster J, Wiley S, Schorry E, Bowers K, Collins Ruff K,  Riddle I. Caregivers 
of individuals with Rubinstein–Taybi syndrome: Perspectives, experiences, and 
relationships with medical professionals. J Genet Couns. 2022;31:153-163.

 36. May-Benson TA, Schaaf R. Ayres sensory integration® intervention. In: Söder-
back I, ed. International Handbook of Occupational Therapy Interventions. Springer; 
2015:633-646.

 37. Carey JC.  The importance of case reports in advancing scientific knowledge of 
rare diseases. Rare Dis Epidemiol. 2010;686:77-86.

 38. Baxter P, Jack S. Qualitative case study methodology: study design and Imple-
mentation for novice researchers. Qual Rep. 2015;13:544-559.

 39. Heale R, Twycross A. What is a case study? Evid Based Nurs. 2018;21:7-8.
 40. DePoy E, Gitlin L. Introduction to Research: Understanding and Applying Multiple 

Strategies. 6th ed. Elsevier; 2020.
 41. Schaaf RC, Roley Smith S. Sensory Integration: Applying Clinical Reasoning to 

Practice With Diverse Populations. PRO-ED, Inc. Austin; 2006.
 42. Dunn W. Sensory Profile, Caregiver Questionnaire. NCS Pearson, Inc; 1999.
 43. Miller Kuhaneck H, Ecker C, Parham LD, Henry DA,  Glennon TJ.  Sensory 

Processing Measure–Preschool (SPM–P): Manual. Western Psychological Services; 
2010.

 44. Russel D, Rosenbaum P, Wright M, Avery L. GMFM (GMFM-66 & GMFM-
88) User’s Manual. 2nd ed. Mac Keith Press; 2013.

 45. Folio MR, Fewell RR. Peabody Developmental Motor Scales–Second Edition.  Pro-
Ed; 2000.

 46. Brown T,  Subel C.  Known-group validity of the infant toddler sensory profile 
and the sensory processing measure-preschool.  J Occup Ther Sch Early Interv. 
2013;6:54-72.

 47. Holloway JM, Long TM,  Biasini F.  Relationships between gross motor skills 
and social function in young boys with autism spectrum disorder.  Pediatr Phys 
Ther. 2018;30:184.

 48. Alotaibi M, Long T, Kennedy E, Bavishi S. The efficacy of GMFM-88 and 
GMFM-66 to detect changes in gross motor function in children with cerebral 
palsy (CP): a literature review. Disabil Rehabil. 2014;36:617-627.

 49. Salavati M, Krijnen WP, Rameckers EA, et al. Reliability of the modified Gross 
Motor Function Measure-88 (GMFM-88) for children with both spastic cere-
bral palsy and Cerebral Visual Impairment: a preliminary study. Res Dev Disabil. 
2015;45-46:32-48.

 50. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B. GMFCS 
© CanChild Centre for Childhood Disability Research, McMaster University, 
1997.

 51. Mailloux Z, May-Benson TA, Summers CA, et al. Goal attainment scaling as a 
measure of meaningful outcomes for children with sensory integration disorders. 
Am J Occup Ther. 2007;61:254-259.

 52. May-Benson TA, Schoen SA, Teasdale A, Koomar J. Inter-rater reliability of 
goal attainment scaling with children with sensory processing disorder. Open J 
Occup Ther. 2021;9:1-13.

 53. Turner-Stokes L. Goal attainment scaling (GAS) in rehabilitation: a practical 
guide. Clin Rehabil. 2009;23:362-370.

 54. Kiresuk TJ, Smith A, Cardillo JE. Goal Attainment Sacaling: Applications, Theory, 
and Measurements. Psychology Press; 2014.

 55. Parham LD, Roley SS, May-Benson TA, et al. Development of a fidelity mea-
sure for research on the effectiveness of the Ayres Sensory integration interven-
tion. Am J Occup Ther. 2011;65:133-142.

 56. Lee DK. Alternatives to P value: confidence interval and effect size. Korean J 
Anesthesiol. 2016;69:555-562.

 57. May-Benson TA, Koomar JA. Systematic review of the research evidence exam-
ining the effectiveness of interventions using a sensory integrative approach for 
children. Am J Occup Ther. 2010;64:403-414.

 58. Schaaf RC, Dumont RL, Arbesman M, May-Benson TA. Efficacy of occupa-
tional therapy using Ayres Sensory Integration®: a systematic review. Am J Occup 
Ther. 2018;72:7201190010p1-7201190010p10.

 59. Omairi C, Mailloux Z, Antoniuk SA, Schaaf R. Occupational therapy using 
Ayres Sensory Integration®: a randomized controlled trial in Brazil. Am J Occup 
Ther. 2022;76:7604205160.

 60. Bundy AC, Shia S, Qi L, Miller LJ. How does sensory processing dysfunction 
affect play? Am J Occup Ther. 2007;61:201-208.

 61. Chien CW, Rodger S, Copley J, Branjerdporn G, Taggart C. Sensory processing 
and its relationship with children’s daily life participation. Phys Occup Ther 
Pediatr. 2016;36:73-87.

 62. Dunn W, Little L, Dean E, Robertson S, Evans B. The state of the science on 
sensory factors and their impact on daily life for children. OTJR (Thorofare N J). 
2016;36:3S-26S.

 63. Engel-Yeger B, Rosenblum S. The relationship between sensory-processing pat-
terns and occupational engagement among older persons. Can J Occup Ther. 
2017;84:10-21.

 64. Liu T. Sensory processing and motor skill performance in elementary 
school children with autism spectrum disorder. Percept Mot Skills. 2013;116: 
197-209.

 65. Cabral TI, Pereira da Silva LG, Tudella E, Martinez Simões CM. Motor 
development and sensory processing: A comparative study between preterm and 
term infants. Res Dev Disabil. 2015;36:102-107.

 66. Case-Smith J, Bryan T. The effects of occupational therapy with sensory integra-
tion emphasis on preschool-age children with autism. Am J Occup Ther. 1999; 
53:489-497.

 67. Linderman TM, Stewart KB. Sensory integrative-based occupational therapy 
and functional outcomes in young children with pervasive developmental disor-
ders: a single-subject study. Am J Occup Ther. 1999;53:207-213.

 68. Watling RL, Dietz J. Immediate effect of Ayres’s sensory integration-based 
occupational therapy intervention on children with autism spectrum disorders. 
Am J Occup Ther. 2007;61:574-583.

 69. Iwanaga R, Honda S, Nakane H, Tanaka K, Toeda H, Tanaka G. Pilot 
study: eff icacy of sensory integration therapy for Japanese children with 
high-functioning autism spectrum disorder. Occup Ther Int. 2014;21: 
4-11.

 70. Pekçetin S, Akı E, Üstünyurt Z, Kayıhan H. The efficiency of sensory integra-
tion interventions in preterm infants. Percept Mot Skills. 2016;123:411-423.

 71. Maciaszek J, Kilan N, Bronikowski M. Reaction to the sensory integration 
therapy in children with postural stability deficits. Minerva Pediatr. 2021; 
73:405-413.

 72. Kashefimehr B, Kayihan H, Huri M. The effect of sensory integration therapy on 
occupational performance in children with autism. OTJR (Thorofare N J). 
2018;38:75-83.

 73. Stevens CA.  Patellar dislocation in Rubinstein‐Taybi syndrome. Am J Med 
Genet.1997;72:188-190.

 74. Menke LA,  Hennekam RC. Rubinstein‐Taybi syndrome. In: Carey JC, Batta-
glia A, Viskochil D, Cassidy SB, eds. Cassidy and Allanson’s Management of 
Genetic Syndromes; 2021:823-835.

 75. Yu PT, Luk HM,  Lo IF. Rubinstein‐Taybi syndrome in Chinese population 
with four novel mutations. Am J Med Genet Part A. 2021;185:267-273.

 76. Swindeman S, Kane-Wineland M, Henry DA. Tools for Infants. Henry Occupa-
tional Therapy Services Inc; 2015.

 77. Goin-Kochel RP, Mackintosh VH,  Myers BJ. Parental reports on the efficacy of 
treatments and therapies for their children with autism spectrum disorders. Res 
Autism Spectr Disord. 2009;3:528-537.



Balikci et al 15

 78. Mora F, Segovia G, del Arco A. Aging, plasticity and environmental enrich-
ment: structural changes and neurotransmitter dynamics in several areas of the 
brain. Brain Res Rev. 2007;55:78-88.

 79. Bednarek E, Caroni P. Β-adducin is required for stable assembly of new syn-
apses and improved memory upon environmental enrichment. Neuron. 2011;69: 
1132-1146.

 80. Nithianantharajah J, Hannan AJ. Enriched environments, experience-
dependent plasticity and disorders of the nervous system. Nat Rev Neurosci. 
2006;7:697-709.

 81. Pamplona FA, Pandolfo P, Savoldi R, Prediger RD, Takahashi RN. Environ-
mental enrichment improves cognitive deficits in spontaneously hypertensive 
rats (SHR): relevance for Attention Deficit/Hyperactivity Disorder (ADHD). 
Prog Neuropsychopharmacol Biol Psychiatry. 2009;33:1153-1160.

 82. Zhu H, Zhang J, Sun H, et al. An enriched environment reverses the synaptic 
plasticity deficit induced by chronic cerebral hypoperfusion. Neurosci Lett. 
2011;502:71-75.

 83. Woo CC, Leon M. Environmental enrichment as an effective treatment for 
autism: a randomized controlled trial. Behav Neurosci. 2013;127:487-497.

 84. Bayat M, Sharifi MD, Haghani M, Shabani M. Enriched environment improves 
synaptic plasticity and cognitive deficiency in chronic cerebral hypoperfused rats. 
Brain Res Bull. 2015;119:34-40.

 85. Ball NJ, Mercado E, 3rd, Orduña I. Enriched environments as a potential treat-
ment for developmental disorders: A critical assessment. Front Psychol. 2019; 
10:466.

 86. Balikci A, Ilbay G, Ates N. Neonatal tactile stimulations affect genetic general-
ized epilepsy and comorbid depression-like behaviors. Front Behav Neurosci. 
2020;14:132.

 87. Nozari M, Shabani M, Hadadi M, Atapour N. Enriched environment prevents 
cognitive and motor deficits associated with postnatal MK-801 treatment. Psy-
chopharmacology. 2014;231:4361-4370.

 88. Lopez-Atalaya JP, Ciccarelli A, Viosca J, et al. CBP is required for environmen-
tal enrichment-induced neurogenesis and cognitive enhancement. EMBO J. 
2011;30:4287-4298.

 89. Lopez-Atalaya JP, Valor LM, Barco A. Epigenetic Factors in Intellectual Dis-
ability. Epigenetics and Neuroplasticity—Evidence and Debate; 2014.

 90. Morgan C, Novak I, Badawi N. Enriched environments and motor outcomes in 
cerebral palsy: systematic review and meta-analysis. Pediatrics. 2013;132: 
e735-e746.

 91. Rampon C, Jiang CH, Dong H, et al. Effects of environmental enrichment on 
gene expression in the brain. Proc Natl Acad Sci U S A. 2000;97:12880-12884.

 92. Thiriet N, Amar L, Toussay X, et al. Environmental enrichment during adoles-
cence regulates gene expression in the striatum of mice. Brain Res. 2008;1222:31-41.

 93. Angelucci F, De Bartolo P, Gelfo F, et al. Increased concentrations of nerve 
growth factor and brain-derived neurotrophic factor in the rat cerebellum after 
exposure to environmental enrichment. Cerebellum. 2009;8:499-506.

 94. Ramírez-Rodríguez G, Ocaña-Fernández MA, Vega-Rivera NM, et al. Envi-
ronmental enrichment induces neuroplastic changes in middle age female BalbC 
mice and increases the hippocampal levels of BDNF, p-Akt and p-MAPK1/2. 
Neuroscience. 2014;260:158-170.

 95. Novkovic T, Mittmann T, Manahan-Vaughan D. BDNF contributes to the facil-
itation of hippocampal synaptic plasticity and learning enabled by environmental 
enrichment. Hippocampus. 2015;25:1-15.

 96. Ayres AJ. Sensory Integration and Praxis Tests (Updated ed.) (SIPT) Manual. 
Western Psycological Services, Torrance, CA, 1989.


