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Abstract

Sensory modulation, as a treatment for sensory modulation disorders in adults with
psychiatric conditions, has been implemented by occupational therapists for more than two
decades. The purpose of this systematic literature review was to evaluate published research
evidence relating to this intervention. The aim of the study was to determine if there was
established evidence for the effectiveness of sensory modulation in treating sensory modulation
disorder in adults with schizophrenia and to identify any gaps in knowledge to guide further
research. We utilized Australia’s National Health and Medical Research Council (NHMRC)’s
levels of evidence and recommendation grading and the Rosalind Franklin Research Appraisal
Instrument (RF-QRA) to review selected articles. The results were then summarized and
reported utilizing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) framework. A total of 17 studies were included in the study. We concluded that there
is preliminary evidence for the existence of sensory modulation disorder in schizophrenia and
the effectiveness of sensory modulation interventions for reducing distress.

We recommended further studies on the effectiveness of sensory modulation with better rigor
and advise that guidelines be developed for use in practice by clinicians.

Keywords: Sensory modulation; sensory approaches; occupational therapy and

schizophrenia
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Effectiveness of sensory modulation in treating sensory modulation disorders in adults with

schizophrenia: A systematic literature review

Schizophrenia is a debilitating condition that is as old as humankind and has a chronic

and unremitting course affecting a person’s well-being and participation in daily activities (Green,
Kern, Braff, and Mintz, 2000). Major criterion for the diagnosis of schizophrenia includes the
presence of hallucinations, delusions, disorganized thinking (speech), grossly disorganized or
abnormal motor behavior (including catatonia), and negative symptoms among other symptoms
(American Psychiatric Association, 2015). Current treatment of schizophrenia may reduce
symptoms of the condition however it remains complex and at times ineffective with
antipsychotics having serious and sometimes lethal side effects (Kurtz, 2005). World-wide there is
increasing demands for consumer centered humane approaches for people with schizophrenia or
other mental illnesses. Sensory modulation is largely regarded as the profession of occupational

therapy’s response to that demand (Champagne, 2004, 2011, 2012).

SM is the regulation and organization of the degree, intensity and nature of one’s
responses to sensory input in a graded and adaptive manner (Champagne, 2010, 2011 &
Lipskaya-Velikovsky, Bar-Shalita and Bart, 2015). SM is an emerging approach in mental health
spearheaded by new approaches such as the recovery approach, trauma informed care and
seclusion and restraint reduction (Champagne, 2011). SM is an adaptation of sensory integration,
an approach used in occupational therapy practice particularly with children (Ayres, 1972 &
Champagne, 2011). SM is argued to facilitate effective participation in occupations as it enables
the processing of sensory information and allows individuals to then generate an appropriate

behavioral response. Sensory modulation interventions include activities or modalities which are
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designed to give specific types and amounts of sensation, at specific times, for therapeutic
purposes (Champagne, Koomar, and Olson, 2010). SM targets all seven senses: visual, auditory,
tactile, gustatory, olfactory, proprioceptive and vestibular systems (Brown, and Stoffel, 2011 &

Champagne, 2011).

Sensory Modulation Disorder (SMD) is a sub-category of sensory processing disorder
(SPD), where individuals perceive everyday sensory stimuli as unpleasant and is associated with
functional limitations (Bar-Shalita et al., 2012; Javitt, 2009 & Olson, 2010). SMD can interfere
with occupational performance and engagement (Champagne, Koomar and Olson, 2010). This
occurs because of difficulties in regulating and organizing the type and intensity of behavioural
responses to sensory input to match environmental demands (Miller et al, 2004). Adults with
SMD over-respond or under-respond or have fluctuating responses to sensory stimuli to an extent
that their participation and engagement in daily occupations is impaired (Bar-Shalita et al., 2012;
Champagne et al, 2010 & Miller et al, 2004). Occupational therapists are interested in addressing

SMD since they are concerned with enhancing occupational performance and engagement.

There is preliminary evidence that patients with schizophrenia have sensory modulation
disorder. Electrophysiological studies conducted on individuals with schizophrenia support the
presence of impairments at the central nervous system level, that affect an individual’s ability to
effectively interpret and organize sensory input (Bar-Shalita et al., 2012). Bar-Shalita et al.,
(2012), concluded that the CNS rather than peripheral somatosensory system is the site of the
pathophysiology underlying SMD. Adults with SMD show behavioural responses that are

inconsistent with available sensory stimuli (Olson, 2010). Several instruments have been
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developed by occupational therapists to diagnose SMD mostly in children. Instruments
developed for the adult population include; the Adult Sensory Questionnaire, (Kinneally &
Oliver, 2002), Adult Sensory Interview (Kinnealey, Oliver, & Wilbarger, 1995) and
Adolescent/Adult Sensory Profile (A/ASP), (Brown & Dunn, 2002). Most of these instruments
have remained largely untested (Olson, 2010). The two most widely tested tools used to identify
SMD are; the A/ASP (Brown et al., 2002) and the sensory responsiveness questionnaire (SRQ).
The SRQ isbased on the work by Bar- Shalita et al, (2012) whilst the A/ASP is theoretically

based on Dunn (1997)’s Model of Sensory Processing.

Theorists within the field of occupational therapy currently rely upon Jean Ayres (1972,
1979) sensory integration theory. The use and application of Ayres sensory integration theory in
mental health has grown exponentially since the 1970s and has been further modified and
expanded by occupational therapists (Champagne & Stromberg, 2004; Champagne, 2010, 2011,
Champagne & Koomar, 2012; Dunn, 1997; Dunn & Brown, 1997). A major advancement of
Ayres theory was made by Dunn (1997) who proposed that four sensory processing patterns
arising from individual differences in neurological thresholds for stimulation (high-low) and self-
regulation strategies (active-passive) characterize the perceptual process. The growth is also to a
large extend due to the promise that sensory modulation has shown in addressing initiatives such
as reducing the need for seclusion and restraint, and as an intervention that is consistent with the
principles of recovery and trauma informed care (Champagne, 2012). This promise together with
a lack of other alternatives is likely responsible for the acceptance of SM in mental health with
limited scrutiny. There has been very limited published research on the topic despite the
widespread uptake of the intervention within occupational therapy. We concluded that a systemic

review would ascertain what has been established and help identify areas where research was
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needed.

The specific aims of this review were to examine the literature on the existence of SMD
in patients with schizophrenia, and to examine current understanding on the effectiveness of
sensory modulation in treating sensory modulation disorder in these patients. A final aim was to

identify any gaps in knowledge to guide further research.

Method

The search strategy included identifying main concepts and keywords, their synonyms
and related themes. Search terms used were a combination of subject heading terms and
keywords for schizophrenia AND sensory modulation OR sensory approaches. Firstly, articles
were identified through database searches, then articles were screened using predetermined
criteria for relevance to the topic. Reference lists of studies identified were then inspected for
relevant cross references. This process was repeated until no new studies could be found. The
databases selected and searched were CINAHL, ProQuest, Google Scholar, Medline, OT Seeker,

Science Direct, EBSCO Host, Cochrane, Psychinfo, Embase and PubMed.

The articles abstracts were then read. We were interested in studies that had been peer reviewed
and utilised the criteria for inclusion as follows: Published research papers (in English) in the
last 40 years (1975 to present). This is because sensory modulation was first used in the mental
health area about 40 years ago; principally about sensory modulation or sensory approaches in
adults with schizophrenia. Those excluded were either primarily on other domains such as,

cognition or were not relevant to adults with schizophrenia or to occupational therapy. The
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types of studies included for analysis was broadened to include qualitative studies because no

randomised controlled trials or meta-analyses could be found and only a few experimental

studies have been published at the time of the review.

Selected articles were then classified according to research type and evidence level by
two of the authors working separately. The authors then met to confirm the agreed level of
evidence. The level of evidence for each included study was assessed using two evidence based
tools: For quantitative studies, NHMRC - Levels of evidence and recommendation grading was
used and for qualitative studies the RF-QRA was used. The reliability and validity of data for
each outcome was assessed. The risk of bias within and across studies was also assessed and
rated.

Results

The electronic databases were initially searched in April 2015 and yielded 392 articles.

Review of titles and abstracts of these studies reduced the number of studies to 56. We then
identified an additional 9 studies in the references of these studies. After screening the full texts
and removing duplicates we selected 17 studies which were found to be relevant to the topic and
to meet the selection criteria. Those excluded were either on other domains e.g. cognition or
sensory processing or sensory integration, or were not conducted with adults or did not include

people with schizophrenia.

[Attach Table I1-Studies Included]
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Characteristics of studies

Most of the relevant articles were published between 2011 and 2015, (n=12) with only a
few relevant studies (n=5) being published prior to this date. Of those that were considered
relevant (n=17), most studies were conducted in the USA (n=9), and only a few were conducted
in Australia (n=3) and Israel (n=3) and New Zealand (n=2). Most of the studies were quantitative
studies 9 out of 17. At the time of this review there was only one mixed method study conducted
on the topic.

[Attach Figure 1-Geographical Distribution of Studies]

The extent of research quality was reflected in the level of evidence and grade of
recommendation. We found that of the relevant articles (n=17), study designs were controlled
clinical trials or literature reviews/ opinions/ editorials or anecdotal reports. At the time of this
review there were no published randomised controlled trials or systematic reviews on the topic.
We found that 7 of these relevant articles (n=7) had a rigor of Grade C or better using Australia’s
NHRMC scale as shown in figure 1. These articles were by Brown et al (2002); Pfeiffer et al
(2003); Kinnealey et al (2011); Bar-Shalita (2012); Bar-Shalita (2014), and Lloyd et al (2014) as

summarised in table 1.

Synthesis of results

Sensory Modulation Disorder in Schizophrenia.
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Studies conducted on individuals with schizophrenia support the presence of impairments
at the central nervous system level, that affect an individual’s ability to effectively interpret and
organize sensory input (Bar-Shalita et al., 2012). Another study by Brown et al (2002) concluded
that adults with schizophrenia demonstrated that they had SMD when compared with adults with
Bipolar Affective Disorder. Brown et al., compared patterns of sensory processing disorder in
adults with schizophrenia, using the Adolescent/Adult Sensory Profile (A/ASP). In this study
individuals with schizophrenia demonstrated increased patterns of sensation avoiding and low
registration, and decreased pattern of sensory seeking. Pfeiffer & Kinnealey (2003), concluded
that there was a significant relationship between sensory defensiveness and anxiety and
following an intervention designed for adults with SMD both conditions significantly
decreased. This finding is significant as evidence for the existence of SMD in schizophrenia as

anxiety is often a feature of many psychiatric conditions including schizophrenia.

The results of our systematic review assessed studies by Bar Shalita (2012), Brown et al.,
(2002) and Pfeiffer & Kinnealey (2003) as having a grade recommendation of C on the NHMRC
scale. We concluded that the results of these studies, that is SMD exists in schizophrenia, were
moderately generalizable as the authors had gone to great lengths to minimise bias. The
weaknesses were that the authors did not consider symptoms that the participants were
experiencing, for example, what was being observed as sensory avoiding could have been
negative symptoms of schizophrenia; there was no randomisation of participants and diagnosis

of SMD was done solely by self-reports.

Effectiveness of SM.
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Most studies reviewed generally supported the effectiveness of sensory modulation
except the study by Smith and Jones (2014) which found no significant reduction in seclusion
rates with the introduction of a seclusion room. Studies on the effectiveness of sensory
modulation are few and their results have limited generalizability due to their designs. Studies by
Champagne & Stromberg (2004), Chalmers et al., (2015), Novak et al., (2012), Sutton et al.,
(2013), and Van Pomeren (2009) concluded that modifications to the environment and the use of
soothing stimuli moderates or optimizes arousal and promotes an ability to adaptively regulate
emotion. This systematic review however assessed

these studies as having a grade recommendation of D or E on the NHMRC scale. Our conclusion
was that strength of the evidence for these studies was low and that the likelihood that bias,
confounding and/or chance may have influenced these findings was high. The study by Lloyd,
King & Machingura (2014) which had a grade recommendation of C however came to same
conclusion as these studies, that is, sensory modulation interventions decrease distress in mental
health patients in acute settings. Similarly, to the other studies, their findings advocate for both

environmental and cultural changes to achieve better outcomes.

Sensory modulation and occupational engagement and participation.

Lipskaya-Velikovsky et al., (2014), found no significant correlates between participation
and SMD unlike in studies on children which found that SMD restricts participation. This study
had a few limitations including selection bias as the participants were not randomly allocated to
groups. Subjects had chronic schizophrenia with cognitive decline which may have
overshadowed SMD. Kinnealey et al., (2011), concluded that sensory style is related to

symptoms of affective mental health and quality of life indicators. There were however some
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limitations such as participants not being randomised and the use of a small sample n=<20. This

study had no control group and used only healthy subjects. We assessed both these studies as
having a grade recommendation of level C on the NHMRC scale and concluded that the results
were moderately generalizable. This was because of the methodology used, sample size and

assessment tools used were relatively valid and reliable.

[Attach table I: Summary of studies with rigor Grade C or better]
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Discussion

The purpose of this review was to achieve a better understanding of sensory modulation
and identify any gaps in knowledge for further research. We found that further studies to examine
whether adults with schizophrenia have sensory modulation disorder are much needed.

Diagnosis of SMD needs to be based on symptoms that are quantified by a reliable and valid
instrument. The SRQ and A/ASP are both reported in the literature to be reliable and valid self-
reports ( Bar-Shalita et al, 2015; Brown, 2001). Bar-Shalita et al (2014) concluded that SRQ is an
effective tool for diagnosing SMD as it measures symptoms both in terms of intensity and
frequency unlike the A/ASP which only measures frequency. The A/ASP however has been
extensively tested in adults with a mental illness with physiological data being consistent with the
four quadrants (Brown, 2001; Champagne, 2006). Psychometric properties of the A/ASP include
reasonable internal consistency with a coefficient alpha 0=0.60-0.78 (Brown et al, 2000). Factor
analysis supported a four-factor structure with three out of four correlated with intended subscales
(Brown et al, 2000). Validity has been established using physiological studies and support for
construct validity of the measure has been established (Brown et al., 2001). Although the may be
merit in using the SRQ to further test its validity, researchers should continue using the A/ASP

which is a validated tool currently available.

Most of the studies we reviewed concluded that sensory modulation interventions
decrease distress in mental health patients in acute settings (Chalmers et al., 2015, Champagne &
Stromberg, 2004, Lloyd et al., 2014, Novak et al., 2012, Sutton et al., 2013, and VVan Pomeren,
2009). These studies however often used SMP synonymously with SM and the effectiveness of

SMPs is therefore often referred to as the effectiveness of sensory modulation (Champagne, 2010,



EFFECTIVENESS OF SENSORY MODULATION 13
2011). We argue that the effectiveness of SMP cannot be inferred from the effectiveness of

sensory modulation intervention, as SMPs are a combination of therapies (Champagne, 2010)
and their effectiveness may well be due to one or some of the therapies, or all of them in
combination. The effectiveness of sensory modulation interventions needs to be further evaluated
as individual interventions to reduce bias and as a programme to determine what works and

what does not.

The studies we examined were poorly controlled with no clearly defined populations. None of
the studies on effectiveness of sensory modulation focused specifically on people with
schizophrenia. Only one study focused on the relation between SMD and schizophrenia
however it did not take into consideration the phase of schizophrenia. We suggest that further
studies should be more controlled and consider variables such as type of schizophrenia; phase of
illness; and symptoms (positive, negative or mixed) to improve understanding the influence

effectiveness of SM on individuals with these symptoms.

Studies on effectiveness reviewed also had several limitations including that the staff
participating in these studies were not blinded and sample sizes were small and there were no
controls. These studies also relied heavily only on subjective experience of the patients. Also, all
these studies used a non-standardised tool whose validity has not yet been adequately tested.
These limitations reduce the external validity of the studies. Also, there is very limited
understanding of how effective these interventions are, when are they most effective, which
modalities are more effective and for which patients are they effective. This knowledge is vital
for practitioners to be able to prescribe, utilise, recommend or guide the patient towards an

appropriate and effective intervention.
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The studies conducted and included in this review were from a variety of settings and

used different designs which provides evidence of robustness and transferability of results. The
issue was that the level of evidence in the research being done is generally low. There is a need for
better research designs that can provide higher levels of evidence, such as randomised controlled

trials.

Implications for occupational therapy practice

SM is reported in practice to be generally effective (Dunn, 1997; Lloyd et al, 2014;
Champagne, 2004, 2011 & 2012). Studies substantiating this effectiveness are however still
very limited. Furthermore, some researchers have suggested the co-occurrence of SMD and
Schizophrenia largely from electrophysiological studies (Bar-Shalita et al., 2012 & Lipskaya-

Velikovsky et al., 2014). We recommend that;

e Efficacy studies are needed to support the use of sensory modulation with
adults with schizophrenia

e Practitioners using sensory modulation should inform their clients of the
emerging nature of the evidence

e Researchers further investigate the relationship between SMD and schizophrenia
taking into consideration the phase of illness.

Limitations

This systematic review has some limitations. Firstly, two of the authors included one of
their own publications which may have introduced some bias. Secondly the level of evidence in

the articles used was generally low for a systematic review. Instead of restricting the review to
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articles with higher levels of evidence only such as randomised controlled trials and meta-

analyses, this review included all relevant research articles irrespective of design. Although this
approach may not provide definitive answers to questions of effectiveness, it does provide a
summary of the current evidence, a baseline from which to move forward. The authors
potentially could have been biased to report positively on advances that they are promoting. We
minimised the effects of these limitations by utilising evidence based scales to analyse the
articles and utilising evidence based reporting framework, PRISMA, to report on our findings

(Liberati et al., 2009).

Conclusions

This review of the literature has established that SM as an intervention is still evolving.
Studies examining the effectiveness of SM are limited with most being descriptive studies and
not outcome or treatment studies. This review established that there is emerging evidence for a
relationship between schizophrenia and SMD however there are still many gaps in knowledge on
this relationship. This review has also established that sensory modulation interventions have
been subjectively reported as positive however the exact nature of which interventions work best
and when needs further research. We conclude that it is imperative to establish the existence of

SMD in the first instance and then test the effectiveness of interventions used to ameliorate SMD.
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Tables
Table I: Summary of studies with rigor Grade C or
better
Year of Country Authors Design | Outcome LOE Grade of
Publication Rec
2002 USA Brown et al Quant Relationship exists between 3(2) C
SMD and schizophrenia
2003 USA Pfeiffer et al | Quant Relationship exists between 3(2) C
sensory defensiveness and
anxiety
2011 USA Kinnealey et | Quant Relationship exists between 3(2) C
al symptoms, sensory style & QoL.
2012 Israel Bar-Shalita Quant SMD occurs at CNS level 3(1) C
2014 Australia Llyod et al Quant SM reduces distress 3(2) C
2014 Israel Bar-Shalita Quant SMD occurs at CNS level 3(1) B
etal
2014 Israel Lipskaya et Quant No relationship between 3(2) C

al

participation and SMD
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Table I: Explanation Notes

Table 1 shows that there is preliminary evidence for the existence of sensory modulation disorder
in schizophrenia and the effectiveness of sensory modulation interventions for reducing distress.
One study did not find a relationship between participation in daily occupations and sensory

modulation disorder.
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Table I1: Studies included in the systematic review

Authors Title Design Methods/ Participants & Outcomes Level of Evidence Limitations/ Bias
Interventions (LOE)
Quant- Australia’s
National Health and
Medical Research
Council (NHMRC)
Qual-
Rosalind Franklin
Research Appraisal
Instrument
Lipskaya- Sensory Observatio Inpatients with No significant e LOE-3-2 Subjects had chronic
VelikovsKky et modulation nal study schizophrenia n=49 and correlates were schizophrenia with
al, 2014. and daily-life (case health controls n=32 found between e RecGrade-C cognitive decline
(Israel) participation control were assessed for their participation and which may have
in people study) participation patterns, SMD unlike in overshadowed SMD.
with sensory modulation studies on
schizophreni processes, cognitive children which
a functioning and symptom did find that SMD
severity restricts
participation.
Chalmers s et Establishing Pre-and Literature review on Reduction in e LOE-1V No control, no
al,, 2015 sensory based Post-trial sensory modulation distress for blinding. Sample
(Australia) approaches in with no followed by consumers using e RecGrade-E was small.
mental health control implementation of sensory
inpatient sensory approaches trial modulation. Used a non-
care: a in an inpatient unit and standardised tool
multidisciplina quantitative evaluation whose validity has not

ry approach

after 3 years.

yet been tested.
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Lloyd et al., An Observatio This was a naturalist e Patients reported e LOE-3-2 No blinding;
2014 investigation nal study study utilising marked Naturalist study with
(Australia) into the (case convenience improvement in how e RecGrade-C no real controls.
effectiveness control sampling. SM was they feel after using Patients were not
of sensory /Pre-and introduced in one SM 2. randomly assigned.
modulation in Post) ward and not the Participants were not
reducing other. Seclusion e The frequency of categorised by
seclusion rates were compared seclusion dropped conditions.
within an n=237 male and significantly
acute n=99 female
inpatient unit patients. Feelings on
the Emotions Rating
Scale were compared
before and after a SM
intervention. N=71
patients
Bar- Psychophysica Quasi- 151 adults (68 males CNS is the site of the e LOE-3-1 No randomisation
Shalita et 1 correlates in experiment and 83 females) pathophysiology Participants had no
al,, 2012 adults with al study were tested underlying SMD. e RecGrade-B known
(Israel) sensory with a comparing 91 SMD psychopathology but
modulation control to 60 SMD-free, Adults with SMD testing was not done
disorder group control individuals. do notdiffer from to rule it out.

Group placement
(SMD vs. SMD- free)
was determined
using the Sensory
Responsiveness
Questionnaire (SRQ).

controls in
threshold detection
of sensory stimuli.

SRQ is effective at
diagnosing SMD
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Olson, Examining literature Literature review - Concluded that there RF-QRA Narrative literature
2010. Schizophrenia review - narrative approach is preliminary support Level 4. review which does not
(USA) and Sensory narrative for the relationship involve observation.
Modulation approach between Rec Grade D
disorder: A schizophrenia and
Review of SMD.
literature
Olson, Sensory A cross- A cross-sectional design positive relationship LOE- 3-2 e The study was
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Figure 1: Geographical Distribution of Studies
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