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ABBREVIATIONS
RCT Randomized controlled trial
ROBINT Risk of Bias assessment in®-1 Trials

SCED Single case experimental design

AlIM To reviewtheevidencdor behavioural interventions reduce droolingn
childrenwith peurodisability.

METHOD A detailed search in eight databasesghtstudiesthat(1) included
participantsaged O tdl8 yearswith neurodisabilityand drooling; (2) provided
behaviowalinterventions targetg drooling or a droolingelatedbehaviou; and(3)
used experimental desigrisvo reviewers extracted data from ftékt papers
independentlyResults were talbated for comparisarmhe Risk of Bias assessment in
N-of-1 Trials;scale for single case experimental des(@GED9 and the Cochrane
risk of biasassessmertbol for randomizedontrolled trialfRCTs) were applied
RESULTSOf an initial yield of763,seven SCEDand one RCT were included.
Behavioual interventions includethe use of reinforcemergrompting, cueingself
management, overcorrection, and fadiBgch assessdubdy functionsor structures’
outcomes (drooling frequency and severithijeeincluded activity outcome@gnouth
drying, head control, eye contaahd vocalizationsand none assesspdrticipation

or quality oflife. While each study reported positive effects of intervention, risk of
bias'was high.

INTERPRETATION: Low-levelevidencesuggestdehavioual interventiongnmay

be useful fotreatment of drooling in children witleurodisability Well-designed

intervention studies are urgently neededetermine effectiveness

What this paper adds:
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e Behavioural interventions used to treat drooling included reinforcement,
prompting, overcorrection, instruction, and fading.

e Interventions targetedoldy structures and function-level outcomes and
activity-level outcomes.

o Low=level evidence supports the use of behanabintervention to treat

drooling.
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Review

[main text]

Anterior droolingis defined as spillage of salilam the mouth that is clearly visible
while posterior drooling is defined as saliva that spills through the oropharynx into the
hypopharynx Anterior drooling, the focus of this systematic reviesgommon and
disablingf6rmany children with neurodisabilftyt is estimated thatO per cenof
childrentbetween the ages of 7 yeansl 14 years witherebral palsy (CRyill
experiénce droolingIn children withneurodisability the reasons for drooling include
reduced awareness of droolifigss frequent and inefficient swallowingnd oral
sensory issueswhich can be further compounded by postural problems or reflux.
The presence of contributing factossich as the use of medications that exacerbate
drooling, which is often a necessity in the life of a child wiurodisability adds to
this cemplexity.The health consequencesdroolingcan be serious amqbtentially
life-threateningand include skifirritation and maceratighand social rejection from
peers’ Importantly, poor saliva control can also lead to reducecesedem and can
affect theindividual’s successful integration into the communftAdditionally, there
are secondary impacts @aring for the child who droolsuch as greater daily care

demands and increased stress le’elhe presence of problematic drooling therefore
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has the potential to reduce the quality of life of kbt childandthe wider family
unit.

Drooling is amulti-dimensional behavigwith multiple potentialcauses or
contributng factors that ecessitates the expertise of a ndisitiplinary teant? Many
interventionssare available tomultidisciplinary teamattreat drooling in children
with neurodisabilityhowever, there is no consensus about their effectivéfess.
Botulinum neurotoxin A, surgery, and the use of medications are considered invasive
treatmentswhilst less invasivdreatments include behawi@l, oral motor therapies
and theuserof appliance¥.

Behaviouwal interventions are widely recommended for drooling il
frequently suggested that they are usefbre invasive treatmenase consideret?
These interventions are based on behaaianodification principles and are
underpinned by the premise that all behaviour is influenced by learning principles of
classicaland operant conditionitfgThe aim of these interventions ts increase
targetbehavious,*” such as swallowing saliva, wiping lips and chin, improving head
control, andeachingways to manage drooling independentlyeatment techniques
can includeinstruction(e.g. please wipe your chin), prompting (e.g. giving a verbal
prompt to swallow)positive reinforcemen(e.g.praisg, and/or selfmanagemente.g.
instructionste. swallow andvipe the chii*® (TableSlI, online supporting
information).

There is Imited evidence to support the use of behadbinterventions.
Although,a.previouslescriptive revievof 19 studies reported on the effectiveness of
behavigtialinterventions for drooling® no conclusion could be drawn regarding
efficacy because & number of methodological issues including eaperimental

design, drooling measuremeassuesand poointerobserver reliability.

Why should a behavioural intervention work to reduce drooling?

Behavioural interventions are concerned with analysing and modifying human
behaviour,.in'the context in which the behavsotake place. These interventions are
developed to change socially significant bebars with the goal of improving some
aspect of the person’s lif8 Behavioual interventions have their foundations in

learning theory and build on the premise that human behaviour is learned through an
interaction between an inddual and their envinement Contemporary behavioal
therapy also assumes that the individual is capable efisetited change and that the

person is the agent of that change. The focus of behavioural intervention is on
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observable behavioucurrent determinants of behawniplearning experiences that
promote change, tailoring treatment strategies to individual clients, and rigorous
assessment and evaluatfdn

Drooling behaviouis a suitable target for behaural interventiorbecause
the principles, of behavimal internvention can be readily applied to treat drooling.
First, dreeling is a socially significant human behavithat has the potential to
seriously.affect the child’s physical and psychosocial hé4khd has an impact on
the physiealand social contéxtSecond, drooling is an overt observable behaviour,
which hasdimensions of frequency and intensity that can be described, recorded, and
measured. In delivering a behavialintervention, a stimulus is provided either
before, during, or after the unwanted drooling behawagurs, to facilitate a change
in the individual’s responses behaviourthat will reduce or eliminate the droolify
for example praising a person for not drooling for a specified period. Third, the
occurrenceof drooling can be influenced by contextual events, for example the person
is in a poor sitting position, which results in increased head flexion, which can
exacerbate drooling. By describing the functional relationship between drooling and
context, hypotheses can be formulated about the reasons for the behadiou
corresponding procedures can be put in place, for exgonmepting carers to always
placethe person in the correct position. Finally, many treatments for drooling aim to
increase.the.occurrence of desirable mog&draviaurs (e.g. swallowing) and decrease
the occurrence of undesirable behavso(i.e. drooling) and therefore involve
opportunities, to support motor learning. Behavabuntervention can facilitate motor
learning’thfough practice, stimulus selectiohg@rsaland feedback

ThesinternationaClassificationof Functioning,Disability and Healtf? was
used as the conceptual framework for this stiithe International Classification of
Functioning, Disability and Healttonceptualizes a person’s lewdl'functioning’ as
a dynamic interaction between his or her health conditions, environmental faotbrs,
personal factors. Functioning includes two parts relatét)) toody functions and
structures which describe the anatomy and physiology/psychology of the human body
and(2),activity and participation, that describe the individuals’ current functional
level related to skills like mobility, setfare communicatigrand learning.

The purpose of thissviewwas to identify andynthesizeéhe evidence for
behaviowal interventions to reduce drooling in children witburodisabilityand to
examine intervention effectiveness at the level of body functions and strudtiiees

secondary purpose was to investiyahether these treatments faadeffect on
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activity, participation and quality of life. The findings of this reviaway provide
evidencedo guide practice and future reseaitthe treatment of drooling in children

with neurodisability.

METHOD

This systematic reviewasdesignedn accordance witthe Preferred Reporting
Items for. §stematicReviewsand MetaAnalysesprotocols (Figure S1, online
supportingrinformationi® The review protodavas registered onlineith the
International*Prospective Register of System@seiewsProtocols?’ The American
Academy of Cerebral Palsind Developmental Medicindethodology to Develop
Systematic.Reviews of Treatment Interventf8meas used to determine the level of

evidence/of studies found.

Sear chrstrategy

A comprehensive search strategy was created using medical subjectdbilais
‘neurodisability’, ‘drooling’, ‘behaviotal’, ‘ intervention; and associated relevant
subjectheadings. The search was modiffedthe following eight electronic
databasesVIEDLINE, CINAHL, AMED, CENTRAL, EmbasePsycINFO, Scopus,
and WebofSciencgsee Tabl&ll, online supporting informatiofor MEDLINE
search strategy The number ahtype of databases were chosg@minimize selection
bias and increase the generatiility of this systematic revie@ Preliminary
searching.began in February 2017 #relfinal search was completed &iame 2nd,
2017. Allroftheretrieved articles were imported into the bibliographic database,
EndNote=X8 (Thomas Reuters [Scientific] LLC, Philadelphia, PA, USA) and then
exported into the Covidence databfmescreening and managemedne reviewer
(MSM) also completed manual hand search aference lists of full text articles in
English.

A limited search of unpublished sources in the grey literature was also
conducted.-The search terms were adapted and the following sources were searched
Troveylhe Agency forHealthcare Research andi@ity, Australan Institute of
Health andVelfare, NationalHealthMedicalResearciCouncil, and Registry of

Open Acces&epositories.

Sdlection criteria
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Studieswere eligible if they 1) includedparticipantsetween the ages of 0 and 18
yearswith a diagnosis ofieurodisabilityand drooling; (2) provided behavial
interventions that targeted drooling or a droolietgtedbehaviou; and(3) used
experimental study designs includirapdomized controlled trials (I's), dinical

controlledtrials, and single case experimental design (SC&DJies.

Study selection

Through-nitial screeningf articles by the primary reviewer @M), duplicates,
reviewrsarticles, conference proceedings, editorials, poster presentations, and articles
in languages other than Englialere removedAfter this, two reviewers (MBM and

CMW) independentlyapplied selection criteri@ title, abstragtand full text articles.

Most differences wergesolved through consensustiivd party (Cl) was consuldsf

differences'were unresolved urdifinal decisiorwasreached

Data extraction

A data extraction form was first created, customizeditrialled. Two reviewers

(MSM and VW) then independently used this form to extract data on the following
variables: study design, participant number and diagnostic information, bata&viou
interventiongtarget behaviour definition, outcomes of interest, outcome measure used,

mainfindings, and level of evidence.

Data synthesis

It was not poassible to complete a matalysis as heterogeneity was found in: (1
populatiensdiagnoses; \&ata collection methods and measuresl uis¢he included
studies; and3) study outcomes reported. A narrative approach was therefore used to

synthesizehe data on key study variables, study quality, and risk of bias.

Risk of bias assessment

Risk of biassassessment was performed at a study TeheRisk of Biaassessment

in N of-1 Trials RoBiNT) Scalé® was used to assess the risk of bias in studies where
single case experimental methodology was used. In RCTs, we ugedct@ane
Collaboration Todf to assessisk of bias. o independent reviewers @M and

CMW) completed risk of bias assessment on RCTs. SCED studresewamined

using the RoBINT Scale by two reviewélSM and RS. Cases where there were

different rating wereresolved by consensus.
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RESULTS

Study design

The search identified6B papersThere weré3 studieshatwere assessed forlfu

text eligibility;against selection criteria andimal total of eight papers were included.
Sevenstudies used 8CEDapproach and ongas an RCT(Tablel). Four of the eight
articles were published between 1977 and 1989, with the remaining four published
between2006 and 2011. All included studies used an experimental design with
control=Fourof the SCED studies usedithdrawal/reversal (ABAB) desigand

three used aonairrent multiple baseline design.

Participants

Theeightincluded studies involvedatal of 35 paricipantswho received
behaviouralinterventiond ablel). Of these25 were included in thaeingleRCT.
The age rangef the participants wasyearsto 17years

Behavioural interventions

In all studies, a combination of behawalintervention methods was used, for
exampleprempting and reinforcement, rather than only a single method.
Reinféfcement was used in all eight studfe® with postive reinforcement in seven
studies’*%>3=° and token economy reinforcement in two studf€sPromptingwas
used insix.studies’>>"**Three of the studies used the term ‘cueing’ instead of
‘prompt’; in'whicha visual, auditory, or vibratorgtimulus promptvasprovided by
an assistive'technology devittemake the correct response more likédy example
swallowing, wiping the moutfi*®(seeTable Sifor behavioual intervention
definitions).The other strategies includeelfsmanagemenit’ overcorrection (positive

punishment)? instruction® and fading* (Tablel).

Outcomes assessed

Each'study aimed teeduce a targdiehaviourelated tceitherdrooling frequency
andor severity Frequencyrelated outcomeis two studies includetheasures of
drooling frequency and drooling drops per minutéFour studies assessewadling-
severity relatedutcomesiefined as percentage dfin wetness? percentage ofvet
time sampled® pools of salivé’ and drooling statu® Activity -level outcomes were

measured ithree studies and included mouth dryawja respons&*improved
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head control, eye contaeind imitativevocalization®® None of the studieassessed

outcomes related tparticipation or quality of life.

Effectiveness of interventions

Eachstudy reporte@ positiveresult relatedd drooling and droolingelated
behaviows(Tablel). No adverse effects were reportdao studieslescribed
reduceddrooling frequency. In thRCT *? drooling frequency decreassignificantly

in the experimental grougitertoken economy and positive reinforcement compared
to the nomexperimental group<0.01). In this study, the participants received a
token (e.g. star sticker) and verbal reinforcenadter cessation afrooling for a
specified length of time. Opportunity was providectollect more star stickerby

not droeling) and once four wecellected, thee could be exchanged for a reward. In
asecond‘study, droolingasreportedlyeliminated inone individual in all task
situationsaftera combination obehavioual intervention methods including
prompting, positive and token reinforcemeaand sefmanagement’

In the remaining studies, a droolisgverity relatetbehavioumwas the
outcome of interestvith visual inspection of the dasaggesting that drooling
severity droppethelow baseline levels threeout of six studies’>* Statistical
testing wassuseith only one SCED studywith a significant difference in drooling
severitydemonstratedo0.01)aftera period of positive reinforcement and cueing
using assistive technology. None of ®€ED studiesompleteda structured visual
analysisswhereby the data within and between phase patterasystematically
evaluated initerms of level, slope or trend, variability, immediacy of effect, and
consisteney’of data patterns across similar pid$és robust conclusions could
therefarebe drawrabout the sizef effector theclinical impact thabehaviouwal

intervention could have on drooling.

Risk of bias: SCED studies

Total internal validity scores ohe RoBiNT Scal® across tk studies rangeflom 2
to 5 (out of a possible score of 1A)l seven studies met thaiterionfor
experimental desig(Table Il but none usethndomizationNo blinding ofeither
assessorsr people involved in the intervention took plakewever, it is
acknowledged that blinding of participastsd interventionists not possible when
implementing behaviaal interventionsExternal validityscores rangefiom 3 to 8

out of a possible score of 16 (Talllg The lowest scoring categories pertained to

This article is protected by copyright. All rights reserved



those of baseline characteristics, generalizatiata analysjsand replicationApart
from the ‘design wth control’ category, there were fundamental issues across all
categories related taternal ancexternal validity(Tablell). Total RoBINT scale
scores rangebetweert and 12 (out of a score of 30), with four of #evenSCEDs

obtaining a score below 10 (Tallg.

Risk of bias<the RCT

Onre'singleblind two-groupRCT was inalded in this review (Tablg. The process

of allocation'concealment lacked sufficient detlinding of participants and
interventionistavas not possiblggndany measures to blind outcome assessors were
not described. Outcome datamremeasureandpostmeasuresereprovided but

there wagioinformation ondropout ratesndicating an unclear risk of attrition bias.
Plausible"bias associated with items related to performance, detadii@ttrition

weakensseonfidence in results presented.

DISCUSSION

Positive outcomes were reportiacdall eightstudies in this systematic reviehat
included atetal of 35 participants with different clinical presentatidaspite the
prevalence.of drooling in children with neurodisabitityd the likelycommon use of
behavioual interventions, very fewexperimentastudies have been undertaken to
determinewhether these interventions wol! eightstudies argeted outcomest a
body functions and structures level with only thresles targeting activity
outcomes=A reduction in drooling behaviour related to frequency or severity in
neurodisabilitypopulations was reported in each study. An increase intaitya
related to drooling was also reportéar example mouth drying. No study used
outcomemeasures related farticipation or quality of life and nealidated measures
were usedo assess outcomes of interest in included stuBligaificant quality issues
related to _reecruitment, risk of bigand external validityverepresent in all eight
studiesgreatly limiing the interpretation as to how effectiehaviowal
interventiors are in reducing drooling in children with neurodisability.

All the includedSCEDstudies met the criteria for experimental stadgign
however none used randomization of phase order or dieeapplication of
randomization is a critical component of SCEiliserethreats to internal validitgan

be experimentally controllexhd opportunities for statistical testing can be
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facilitated*® The use of randomization further enables the researcher to determine
whether there is eausal or functional relationship between the manipulated
independent variable (behavralintervention) and dependent variable (drooling
behaviou).**

Visuakanalysis is the predominant method usethtdysedata inSCED
researchData wereadisplayed graphically and a visual inspection of the data occurred
in the included studiebuta comprehensive visual analysis was not completady
study. Though visual analysis remains tREEDstandargdexperts strongly advocate
the use ofboth visual and statistical analysis metffsdhis includes the
requirement to provide information on changeghelevel ofthescore from the
measure of thdependent variabl@gargetbehaviouy aftermanipulation of the
independent variablgreatment)emerging trendsr slopes in the data; and
commentingrorvariability in the datd**°Only threeof thesevenSCEDstudies
discussed-trends in the daadonly one studyused statisticadnalysismethodsThe
premise of SCED research is to investigate if there is a change in the ptasgetsd
behaviourof interest aftea period of intervention. We cannot know what the effect of

any clinical intervention is without sufficient analysisthedata

What aretheimportant elements of a behavioural intervention?
Thisgreview.highlighteananyfundamental issues about implementing behawiou
interventons to treat drooling in children with neurodisability. Fiestunctional
analysis,of the baseline conditidhat isdrooling, that includes identifyinigctors

that are/Midtaining the drooling behaviour is needédior example head control or

the child’spositioning As part of this analysis, adequate information must be
provided abouthe baseline characterigtiof the individual, including diagnosis and
severity of conditionThis will enablethe development offiective functiorbased
treatment” Second, a clear definition of the target behavidrooling) is needed to
know what the person does that signifies a drooling event and to facilitatetaccura
recording ofithaevent Third, treatment procedures netdbe specitd,outlining
what'needs to be said or done in treatment to signify that active ingredients are being
delivered® In specifying the content and procedures involved in delivering a
treatment, the intervention ‘fidelity’ is partly ensured. Fidelity is an important part of
best practicd® as higher levels of treatment fidelity are associated with higher gains

attributable to interventioft. Finally, a multifaceted intervention approach is
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warranted as drooling is a complex behavimutreat and single intervention alone

is unlikely to be effective in eliminating or reducing drooling significantly

How should drooling be measured?
One ofgithe hallmarks of behavi@aliintervention is its emphasis on measuring the
behaviowbefore during, and after the interventiso that anyxhange resulting from
that interventioris captured® To provide an accurate measwfedrooling, an
operational definition of the target behavigtinat is easily observable and
measurableneeds to be providedhis infers thathe drooling behaviouf interest is
identified anddefined in precise termssing action verbdpr exampleany saliva that
spillsfrom the mouth that is clearly visibler addition,the method of measurement
must be described in terms of how datarecorded, what instruments were usawd
what constittites a correct incorrect respons&.0ngoing assessment of the
behavieursshould also be done well beyond the point of intervention to truly measure
changé?’

Since the publication of four of the included studies, validated measures
of droaling, tie Drooling Quotierif and Drooling Impact Scaféhave become
available. The Drooling Impact Scale is a subjective scale completed by parents,
which has'geodestretest reliability and has been shown to be responsive to change
in children.who have undergone saliva control interventibhs Drooling Quotient
is areliable andbbjective measure of droolirggverity It is recommended that the
available,validated measures used to reduce the potahtrror in measuring

drooling:

Implicationsfor research

First, itis recommended thatdistinction be made between anterior and posterior
drooling and used consistently in conducting resetaréacilitatetransparency,
collaboration and direction in future research. For exampleatiterior drooling
definition previded by theAmerican Academy of CerebrBalsy andevelopmental
Medicin€ refers to the anterior spillage of saliva from the mouth that is clearly visible
beyond the lip margin. A distinction between anterior and posterior drooling was not
made in any of the included studi@sblell). Furthermore, providing an operational
definition of the drooling behaviour targeted in the study describes the dependent

variable, which is an important external validity construct.
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Second, experimental, as opposed to eqrerimentabr quasiexperimental
studiesare needed to better demonstrate a causal relatidnsivigeen the
intervention and the effects on drooliffg/Vhen proof of concept is present, robust
RCTs aravarranted SCEDstudies are well suited to investigating preliarineffects
of interventions'®* butbetterquality studieghat address important interraaid
externalvalidity constructgre neededRandomizing the interventions phase order or
onset helpsto reduce the threats to internal validity and this is recommended s
researchers'eamprove the credibility of study findinds.Future SCED studies
shouldsnelude a randomization component to minimize the risk of bias and to better
detect @ny intervention effectBhe RoBiNTScale® was designed as an appraisal
tool; it does, however, also provide a very useful guide to researchers designing future
SCEDs Completion of high quality SCEDsill improve the evidence baser the
role of behavioural interventions in the treatment of drooling.

Third;1t is recommended that reselhersusetheavailable validated measures
of drooaling severity and impact. None of the included studies used a validated
measure of drooling, instead using terms such ‘problematic drooling’ and ‘chronic
drooling’, and it was therefore difficult to gauge tha&seline drooling status before
commencement of interventiolm addition research that focuses drooling
outcomes at.anctivity, participaton, and quality of life level, in addition to a body
functions.and structures level, is needed. Through investigating the effects of
behavioural interventions on these outcomes relevant to the child’s life siage, t
potential.of.these treatments to improve health and development exvalbatedTo
fully inyestigate the potential effect of behauialinterventionsan objective,
reliable andvalid means of assessing and desaigiirelevantclinical
characteristics of droolingnd itscontributingfactors is neededvhich currently does
not exist.The_development of a validated tool that assesses all aspects of the drooling
behaviour, beyondeverity and its impacis warranted

Finally, a descriptive analysis of drooling is an important part of the funttiona
assessmentywhich is a necessary compdrefate implementing a behavial
intervention. Thénternational Classification of Functiarg Disability andHealth—
Children and Youth Versiofi®is an extension of the originkdternational
Classification of Functioning, Disability and He&Rkframework, anadtanbe used to
describeand organize information about drooling usangpding classification
system Through using this, the complexity of drooling behaviour can be highlighted

(TableSlll, online supporting informatignThis descriptive outcome is the functional
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profile of the individual, not a diagnosis, and may facilitate the planning of
comprehensivassessment andtervention The identification of all components of
this complex behaviaus critical for best practice to improve health outcomes for

children with neurodisability who drool.

Strengthsand limitations of the review

This systematic review aimed to answer a specific and foaliséchl intervention
guestion.“The finding of only eigktnallexperimental studigeslespite a search of
published-and grey literature to locate relevant reseangfyests that this area is
undersesearched-our of the included studiegerepublished over 30 years ago
(1977-1989). This left four contemporary studies in this area from which to draw
evidence: Significant advances in areas of practice closely related tangrdoti
exampleswallowing have occurredincethe completion of the older studidsis
possibletthat studies published in languages other than English may have yielded

additional information.

Conclusion

The few experimental studies identified that were designed to reduce drooling in
children withneurodisability demonstrated positive outcomes, although findings are
tempered.with high risk of bias. By designing studies that use experimental methods
and addessng fundamental quality issues related to internal and external validity,
researchers.would be in a better position to test the efficacy of such intemgenti

This wilFinform us as to how effective and potentially valuable behaaiou
interventien‘could beActivity and participation level outcomes need to be targeted in
this clinical intervention research, in addition to quality of l@&ven the reported
prevalence of drooling in this populatiomiguity research is warranted to advance the

evidence baseelated tabehaviowal interventions for drooling in current practice.
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Table SI: Behavioural intervention definitions
Table SII: Search stratgy in MEDLINE
Table Sl11: Description of drooling usinthternational Classification of

Functioning Disability and Health — Children and Youth coding

Eigure S1: Preferred Reporting Items for Systematic Reviews and-Meta

Analyses flow diagram
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Study and aim Level of Participants Total | Target Behavioural Outcomes of Measure Main findings
evidence diagnosisand n behaviour intervention interest
design age definition
Sethy et af? Level lI CP andmild ID; | 25 Saliva that spilled| 1. Token BFS:Drooling | Continuous | Significant decrease in
Effect of a token problematic over the lower lip | economy frequency recording$req | drooling frequency in
economy behaviaron | RCT drooling; and fell out of the| reinforcement | A: N/A uency of experimental groupnE12)
drooling 5-12y mouth P:N/A drooling compared to non
2. Positive episodes for | experimental groumnE13)
reinforcement 20mins (p<0.01). Reduction not
maintained
Lancioni et af* Level IV Multiple DD; 1 Chin wetness 1. Prompting BFS:Drooling | 5sinterval Increase in mouth drying
Technologyassisted persistent saliva appearing | 2. Fading severity (chin recording of
promotion of mouth_=% SCED drooling problem; below the lower | 3. Positive wetness) chin wetness | Decrease in chin wetness
drying to reduce withdrawd/ | 16y lip reinforcement | A: Mouth
effects of drooling reversal Mouth drying drying response| Electronic Improvements not
ABAB responsepassing P:N/A recording of | maintained
design mouth and chin mouthdrying
over spongy response
surface to activate
two
touch/pressure
microswitches

Tablel: Characteristics of included studies
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Dunn et af’ Level Il Spastic The number of 1. Self BFS:Drooling | Continuous Self-control was the most
Self-control and quadriplegia CP; drops falling from| management frequency recordingfreq | effective treatment
reinforcement in'the ™| SCED: ID and non the lip or chin (self-control) A: N/A uency of component.
management of MBD; three| verbal; long 2. Prompting P:N/A drooling
drooling inone situations | history of 3. Positive episodes Drooling eliminated in all
adolescemvith CP. (‘social’, drooling; reinforcement three situations

‘cognitive’, | 16y 4. Token

and ‘no’ economy

demand) reinforcement
Lancioni et af® Level IV Down Syndrome, Chin wetness 1. Prompting BFS:Drooling | Electronic Significant differences in
Two persons with visualimpairment saliva appearing | 2. Positive severity (chin recording of mouthdrying frequencies
multiple disabilities SCED: andnonverbal; below the lower | reinforcement | wetness) mouthdrying | and chin wetnes$€0.01)
use a mouth drying__| withdrawd/ | long history of lip A: Mouth response
response to reduce thereversal drooling; drying response
effects of their ABAB 12y 2no Mouth drying P:N/A Interval
drooling design response recording of

bringing/pushing chin wetness

the napkin to

mouth (to activate

two sensors)

using 5s

intervals

This article is protected by copyright. All rights reserved




t

Lancioniet al® Level IV Student 1 Wet saliva 1. Prompting BFS:Drooling | Interval Percentage of time samplg
Use of automatic Deafness; motor appearing outsidg 2. Positive severity recording in which students were we
cueing to reduce SCED: impairment, ID; the lower lip reinforcement | (percentage of | judged if dry | reduced duringreatment
drooling in two withdrawal/ | drooled 3. Extinction (of | wet time or wet at the
studentsvith multiple | reversal consistently; Dry: No saliva positive samples) end of 26
disabilities design 16y 10nmo appearing outsidg reinforcement) | A: N/A intervals

Student 2: the lower lip P:N/A

Deafness and ID;

11y 2no
Richman and Level IV Multiple DD; The presence of | 1. Prompting BFS:Drooling Interval Eye, head, vocdlehaviars
Kozlowsk® quadriplegic saliva on the lips | 2. Contingent | severity (dry or | recording all | increased withreatment
Operant training of SCED spastic CP; or mouth reinforcement of| wet) measures and mean decreases in
head control and withdrawal/ | baseline drooling all behaviars A: (1) Eye takenover behaviar during reversal
beginning language farreversal statusnot (initiation and 10min periods | periods.
a childwith severe design reported maintenance of | (20s intervals) Mean levels of drooling
developmental 9y 8mo eye contact)

disability

(2) Head
(independent
maintenance)
(3) Vocal
(imitation of
vocalization)
P:N/A

decreased im¢atment

period

This article is protected by copyright. All rights reserved



Drabman et af® Level Il ‘Profound mental Wet any moisture 1. Positive BFS:Drooling | Interval Baseline ‘dry’ rate®f 10%
Suppression of chronic retardatioh and (besides reinforcement | severity (dry, recording improvedto 50%-60%
drooling inchildren SCED: chronic drooling. perspiration) (praise if dry) wet, or very every 30min | aftertreatment
and adolescentsith multiple Participantl 7y; present on the 2.Over- wet)
intellectual disallity; | baseline participant2 had finger correction (if A: N/A Overcorrectiorfor wetness
effectiveness of a design left hemiparesis wet) P:N/A andpositive reinforcement
behaviaral treatment | across three 15y; Very wet for dryness lead tadurable
package participants| participant3 had presence of drool andstable reductions in
cleft palateand dripping from the drooling
orofacial child’s chin
anomaly; 12y
Dry: if saliva was
not wiped off by
thefinger nor was
dripping below
the chin
Kay et al*® Level Il ASD and‘mental ‘Saliva pool —1 | 1. Instruction- | BFS:Drooling | Interval Steady reduction and
Elimination of retardation; inch or greater in | ‘swallow and severity (pools | recording: eventuaklimination of
drooling by an SCED ‘rudimentary diameter ‘wipe your of saliva on 5min initially; | drooling in the three
adolescent student multiple speech chronic mouth surfaces) increased to | settings
with autism baseline drooling; 2. Prompting A: N/A every 15min in
design 17y (physical P:N/A each setting
across three prompt)
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settings 3. Positive

reinforcement

(praise)

RCT, randomized control trial; CP, cbral palsy: ID, intellectual disability, years; BFShody functions andtructuredevel outcome; A,
activity-level outcomeN/A, not applicable; P, participatidevel outcomeSCED, single case experimental design; B&yelopmental

disabilityyMBD, multiple baseline design

This article is protected by copyright. All rights reserved




Tablell: Risk of bias for SCED studies using Risk of Bias assessment indf-1 Trials RoBiNT) Scalé

Internal validity subscale

Study and internal validity scoring

Study and external validity scoring

External validity
2 subscale 4
w w
3 3
2 2
N N
3 = & = 2 & 5 = 2 G
T s || | =O|T = o 3 3|z =
5 | = | 8 | ® |8 | s 5 = 5 5 < 2 :
g | £ | g | g g g | = g z E £ 5 g =
S D S S g g - S D S ) g g P
S S S S Q @ S S i3] i) Q O
5 |2 |5 |5 |2 |E | 3% : 5 5 s |2 £ 7
5 A 5 5 & =) N 5 A = = & a N
Design Baseline
2 2 2 2 2 2 2 0 0 0
characteristic
Randomization 0 0 0 0 0 0 0 Setting 1 1 1 1
Sampling of behaviour Dependent
0 0 1 1 1 0 2 2 0 2 2
variable
Blinding of assessor Independent
0 0 0 0 0 0 0 1 1 1 1
variable
Blinding of people involved in Raw data record
0 0 0 0 0 0 0 1 2 1 1
intervention
Interrater agreement 2 0 0 2 1 1 0 Data analysis 0 0 1 0 0
Treatment adherence 0 0 0 0 0 0 0 Replication 0 0 1 1 1
Generalization 0 0 0 0 0
Total internal validity score Total external
4 2 3 5 4 3 4 5 4 7 6 8 3
validity score
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®The RoBiNT Scalé® uses a $oint scoring system (2=items meet stringent criteria; 1=standards met with reservations eOtfailaet

minimum standards
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