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ABBREVIATIONS 

RCT Randomized controlled trial 

RoBiNT Risk of Bias assessment in N-of-1 Trials  

SCED Single case experimental design 

 

 

AIM To review the evidence for behavioural interventions to reduce drooling in 

children with neurodisability. 

METHOD A detailed search in eight databases sought studies that (1) included 

participants aged 0 to 18 years with neurodisability and drooling; (2) provided 

behavioural interventions targeting drooling or a drooling-related behaviour; and (3) 

used experimental designs. Two reviewers extracted data from full text papers 

independently. Results were tabulated for comparison. The Risk of Bias assessment in 

N-of-1 Trials scale for single case experimental designs (SCEDs) and the Cochrane 

risk of bias assessment tool for randomized controlled trials (RCTs) were applied.  

RESULTS Of an initial yield of 763, seven SCEDs and one RCT were included. 

Behavioural interventions included the use of reinforcement, prompting, cueing, self-

management, overcorrection, and fading. Each assessed body functions or structures’ 

outcomes (drooling frequency and severity); three included activity outcomes (mouth 

drying, head control, eye contact, and vocalizations) and none assessed participation 

or quality of life. While each study reported positive effects of intervention, risk of 

bias was high. 

INTERPRETATION: Low-level evidence suggests behavioural interventions may 

be useful for treatment of drooling in children with neurodisability. Well-designed 

intervention studies are urgently needed to determine effectiveness. 

 

What this paper adds: 
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• Behavioural interventions used to treat drooling included reinforcement, 

prompting, overcorrection, instruction, and fading. 

• Interventions targeted body structures and function-level outcomes and 

activity-level outcomes. 

• Low-level evidence supports the use of behavioural intervention to treat 

drooling. 
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[main text] 

Anterior drooling is defined as spillage of saliva from the mouth that is clearly visible, 

while posterior drooling is defined as saliva that spills through the oropharynx into the 

hypopharynx.1 Anterior drooling, the focus of this systematic review, is common and 

disabling for many children with neurodisability.2 It is estimated that 40 per cent of 

children between the ages of 7 years and 14 years with cerebral palsy (CP) will 

experience drooling.3 In children with neurodisability the reasons for drooling include 

reduced awareness of drooling,4 less frequent and inefficient swallowing,5 and oral 

sensory issues,6 which can be further compounded by postural problems or reflux.7 

The presence of contributing factors, such as the use of medications that exacerbate 

drooling, which is often a necessity in the life of a child with neurodisability, adds to 

this complexity. The health consequences of drooling can be serious and potentially 

life-threatening and include skin irritation and maceration,8 and social rejection from 

peers.9 Importantly, poor saliva control can also lead to reduced self-esteem and can 

affect the individual’s successful integration into the community.10 Additionally, there 

are secondary impacts in caring for the child who drools, such as greater daily care 

demands and increased stress levels.11 The presence of problematic drooling therefore 
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has the potential to reduce the quality of life of both the child and the wider family 

unit.  

 Drooling is a multi-dimensional behaviour with multiple potential causes or 

contributing factors that necessitates the expertise of a multidisciplinary team.12 Many 

interventions are available to a multidisciplinary team to treat drooling in children 

with neurodisability; however, there is no consensus about their effectiveness.13 

Botulinum neurotoxin A, surgery, and the use of medications are considered invasive 

treatments, whilst less invasive-treatments include behavioural, oral motor therapies, 

and the use of appliances.

 Behavioural interventions are widely recommended for drooling and it is 

frequently suggested that they are used before invasive treatments are considered.

14 

15 

These interventions are based on behavioural modification principles and are 

underpinned by the premise that all behaviour is influenced by learning principles of 

classical and operant conditioning.16 The aim of these interventions is to increase 

target behaviours,17 such as swallowing saliva, wiping lips and chin, improving head 

control, and teaching ways to manage drooling independently. Treatment techniques 

can include: instruction (e.g. please wipe your chin), prompting (e.g. giving a verbal 

prompt to swallow), positive reinforcement (e.g. praise), and/or self-management (e.g. 

instructions to swallow and wipe the chin)18

 There is limited evidence to support the use of behavioural interventions. 

Although a previous descriptive review of 19 studies reported on the effectiveness of 

behavioural interventions for drooling,

 (Table SI, online supporting 

information). 

18

 

 no conclusion could be drawn regarding 

efficacy because of a number of methodological issues including non-experimental 

design, drooling measurement issues, and poor interobserver 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 behaviours take place. These interventions are 

developed to change socially significant behaviours with the goal of improving some 

aspect of the person’s life.19 Behavioural interventions have their foundations in 

learning theory and build on the premise that human behaviour is learned through an 

interaction between an individual and their environment. Contemporary behavioural 

therapy also assumes that the individual is capable of self-directed change and that the 

person is the agent of that change. The focus of behavioural intervention is on 
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observable behaviour, current determinants of behaviour, learning experiences that 

promote change, tailoring treatment strategies to individual clients, and rigorous 

assessment and evaluation.20

 Drooling behaviour is a suitable target for behavioural intervention because 

the principles of behavioural intervention can be readily applied to treat drooling. 

First, drooling is a socially significant human behaviour that has the potential to 

seriously affect the child’s physical and psychosocial health,

  

21 and has an impact on 

the physical and social context.22 Second, drooling is an overt observable behaviour, 

which has dimensions of frequency and intensity that can be described, recorded, and 

measured. In delivering a behavioural intervention, a stimulus is provided either 

before, during, or after the unwanted drooling behaviour occurs, to facilitate a change 

in the individual’s responses or behaviour that will reduce or eliminate the drooling,23 

for example praising a person for not drooling for a specified period. Third, the 

occurrence of 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 behaviour and 

corresponding procedures can be put in place, for example prompting carers to always 

place the person in the correct position. Finally, many treatments for drooling aim to 

increase the occurrence of desirable motor behaviours (e.g. swallowing) and decrease 

the occurrence of undesirable behaviours (i.e. drooling) and therefore involve 

opportunities to support motor learning. Behavioural intervention can facilitate motor 

learning through practice, stimulus selection, rehearsal, and feedback.24

 The International Classification of Functioning, Disability and Health

  
25

 The purpose of this review was to identify and synthesize the evidence for 

behavioural interventions to reduce drooling in children with neurodisability and to 

examine intervention effectiveness at the level of body functions and structures. The 

secondary purpose was to investigate whether these treatments had an effect on 

 was 

used as the conceptual framework for this study. The International Classification of 

Functioning, Disability and Health conceptualizes a person’s level of ‘functioning’ as 

a dynamic interaction between his or her health conditions, environmental factors, and 

personal factors. Functioning includes two parts related to (1) body 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, self-care communication, and learning. A
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activity, participation, and quality of life. The findings of this review may provide 

evidence to guide practice and future research in the treatment of drooling in children 

with neurodisability.  

 

METHOD 

This systematic review was designed in accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses protocols (Figure S1, online 

supporting information).26 The review protocol was registered online with the 

International Prospective Register of Systematic Reviews Protocols. 27 The American 

Academy of Cerebral Palsy and Developmental Medicine Methodology to Develop 

Systematic Reviews of Treatment Interventions28

 

 was used to determine the level of 

evidence of studies found.  

Search strategy  

A comprehensive search strategy was created using medical subject terms: ‘child’, 

‘neurodisability’, ‘drooling’, ‘behavioural’, ‘ intervention’, and associated relevant 

subject headings. The search was modified for the following eight electronic 

databases: MEDLINE, CINAHL, AMED, CENTRAL, Embase, PsycINFO, Scopus, 

and Web of Science (see Table SII, online supporting information for MEDLINE 

search strategy). The number and type of databases were chosen to minimize selection 

bias and increase the generalizability of this systematic review.29

 A limited search of unpublished sources in the grey literature was also 

conducted. The search terms were adapted and the following sources were searched: 

Trove, The Agency for Healthcare Research and Quality, Australian Institute of 

Health and Welfare, National Health Medical Research Council, and Registry of 

Open Access Repositories.  

 Preliminary 

searching began in February 2017 and the final search was completed on June 2nd, 

2017. All of the retrieved articles were imported into the bibliographic database, 

EndNote X8 (Thomas Reuters [Scientific] LLC, Philadelphia, PA, USA) and then 

exported into the Covidence database for screening and management. One reviewer 

(MSM) also completed a manual hand search of reference lists of full text articles in 

English. 

 

Selection criteria  
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Studies were eligible if they (1) included participants between the ages of 0 and 18 

years with a diagnosis of neurodisability and drooling; (2) provided behavioural 

interventions that targeted drooling or a drooling-related behaviour; and (3) used 

experimental study designs including randomized controlled trials (RCTs), clinical 

controlled trials, and single case experimental design (SCED) studies. 

 

Study selection  

Through initial screening of articles by the primary reviewer (MSM), duplicates, 

review articles, conference proceedings, editorials, poster presentations, and articles 

in languages other than English were removed. After this, two reviewers (MSM and 

CMW) independently applied selection criteria to title, abstract, and full text articles. 

Most differences were resolved through consensus. A third party (CI) was consulted if 

differences were unresolved until a final decision was reached. 

 

Data extraction 

A data extraction form was first created, customized, and trialled. Two reviewers 

(MSM and CMW) then independently used this form to extract data on the following 

variables: study design, participant number and diagnostic information, behavioural 

intervention, target behaviour definition, outcomes of interest, outcome measure used, 

main findings, and level of evidence.  

 

Data synthesis 

It was not possible to complete a meta-analysis as heterogeneity was found in: (1) 

population diagnoses; (2) data collection methods and measures used in the included 

studies; and (3) study outcomes reported. A narrative approach was therefore used to 

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

 

Risk of bias assessment 

Risk of bias assessment was performed at a study level. The Risk of Bias assessment 

in N-of-1 Trials (RoBiNT) Scale30 was used to assess the risk of bias in studies where 

single case experimental methodology was used. In RCTs, we used the Cochrane 

Collaboration Tool31 to assess risk of bias. Two independent reviewers (MSM and 

CMW) completed risk of bias assessment on RCTs. SCED studies were examined 

using the RoBiNT Scale by two reviewers (MSM and RS). Cases where there were 

different ratings were resolved by consensus. 
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RESULTS 

Study design 

The search identified 763 papers. There were 93 studies that were assessed for full 

text eligibility against selection criteria and a final total of eight papers were included. 

Seven studies used a SCED approach and one was an RCT (Table I). Four of the eight 

articles were published between 1977 and 1989, with the remaining four published 

between 2006 and 2011. All included studies used an experimental design with 

control. Four of the SCED studies used a withdrawal/reversal (ABAB) design and 

three used a concurrent multiple baseline design.  

 

Participants  

The eight included studies involved a total of 35 participants who received 

behavioural interventions (Table I). Of these, 25 were included in the single RCT. 

The age range of the participants was 5 years to 17 years.  

 

Behavioural interventions 

In all studies, a combination of behavioural intervention methods was used, for 

example prompting and reinforcement, rather than only a single method. 

Reinforcement was used in all eight studies,32–39 with positive reinforcement in seven 

studies,32-35, 37–39 and token economy reinforcement in two studies.32,37 Prompting was 

used in six studies.33–37,39 Three of the studies used the term ‘cueing’ instead of 

‘prompt’, in which a visual, auditory, or vibratory stimulus prompt was provided by 

an assistive technology device to make the correct response more likely, for example 

swallowing, wiping the mouth33-35 (see Table SI for behavioural intervention 

definitions). The other strategies included self-management,37 overcorrection (positive 

punishment),38 instruction,39 and fading34

 

 (Table I). 

Outcomes assessed 

Each study aimed to reduce a target behaviour related to either drooling frequency 

and/or severity. Frequency-related outcomes in two studies included measures of 

drooling frequency32 and drooling drops per minute.37 Four studies assessed drooling-

severity related outcomes defined as percentage of chin wetness,34 percentage of wet 

time samples,33 pools of saliva,39 and drooling status.38 Activity -level outcomes were 

measured in three studies and included mouth drying as a response,34,35 improved 
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head control, eye contact, and imitative vocalization.36

 

 None of the studies assessed 

outcomes related to participation or quality of life. 

Effectiveness of interventions 

Each study reported a positive result related to drooling and drooling-related 

behaviours (Table I). No adverse effects were reported. Two studies described 

reduced drooling frequency. In the RCT,32 drooling frequency decreased significantly 

in the experimental group after token economy and positive reinforcement compared 

to the non-experimental group (p<0.01). In this study, the participants received a 

token (e.g. star sticker) and verbal reinforcement after cessation of drooling for a 

specified length of time. Opportunity was provided to collect more star stickers (by 

not drooling) and once four were collected, these could be exchanged for a reward. In 

a second study, drooling was reportedly eliminated in one individual in all task 

situations, after a combination of behavioural intervention methods including 

prompting, positive and token reinforcement, and self-management.

 In the remaining studies, a drooling-severity related behaviour was the 

outcome of interest, with visual inspection of the data suggesting that drooling 

severity dropped below baseline levels in three out of six studies.

37 

33-35 Statistical 

testing was used in only one SCED study35 with a significant difference in drooling 

severity demonstrated (p<0.01) after a period of positive reinforcement and cueing 

using assistive technology. None of the SCED studies completed a structured visual 

analysis whereby the data within and between phase patterns were systematically 

evaluated in terms of level, slope or trend, variability, immediacy of effect, and 

consistency of data patterns across similar phases.30

 

 No robust conclusions could 

therefore be drawn about the size of effect or the clinical impact that behavioural 

intervention could have on drooling.  

Risk of bias: SCED studies 

Total internal validity scores of the RoBiNT Scale30 across the studies ranged from 2 

to 5 (out of a possible score of 14). All seven studies met the criterion for 

experimental design (Table II) but none used randomization. No blinding of either 

assessors or people involved in the intervention took place; however, it is 

acknowledged that blinding of participants and interventionists is not possible when 

implementing behavioural interventions. External validity scores ranged from 3 to 8 

out of a possible score of 16 (Table II ). The lowest scoring categories pertained to 
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those of baseline characteristics, generalization, data analysis, and replication. Apart 

from the ‘design with control’ category, there were fundamental issues across all 

categories related to internal and external validity (Table II ). Total RoBiNT scale 

scores ranged between 6 and 12 (out of a score of 30), with four of the seven SCEDs 

obtaining a score below 10 (Table II ).  

 

Risk of bias: the RCT 

One single blind, two-group RCT was included in this review (Table I). The process 

of allocation concealment lacked sufficient detail. Blinding of participants and 

interventionists was not possible, and any measures to blind outcome assessors were 

not described. Outcome data on premeasures and postmeasures were provided but 

there was no information on dropout rates, indicating an unclear risk of attrition bias. 

Plausible bias associated with items related to performance, detection, and attrition 

weakens confidence in results presented. 

 

DISCUSSION 

 

Positive outcomes were reported in all eight studies in this systematic review that 

included a total of 35 participants with different clinical presentations. Despite the 

prevalence of drooling in children with neurodisability and the likely common use of 

behavioural interventions, very few experimental studies have been undertaken to 

determine whether these interventions work. All eight studies targeted outcomes at a 

body functions and structures level with only three studies targeting activity 

outcomes. A reduction in drooling behaviour related to frequency or severity in 

neurodisability populations was reported in each study. An increase in an activity 

related to drooling was also reported, for example mouth drying. No study used 

outcome measures related to participation or quality of life and no validated measures 

were used to assess outcomes of interest in included studies. Significant quality issues 

related to recruitment, risk of bias, and external validity were present in all eight 

studies, greatly limiting the interpretation as to how effective behavioural 

interventions are, in reducing drooling in children with neurodisability. 

 All  the included SCED studies met the criteria for experimental study design, 

however none used randomization of phase order or onset. The application of 

randomization is a critical component of SCEDs where threats to internal validity can 

be experimentally controlled and opportunities for statistical testing can be 
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facilitated.40 The use of randomization further enables the researcher to determine 

whether there is a causal or functional relationship between the manipulated 

independent variable (behavioural intervention) and dependent variable (drooling 

behaviour).41

 Visual analysis is the predominant method used to analyse data in SCED 

research. Data were displayed graphically and a visual inspection of the data occurred 

in the included studies, but a comprehensive visual analysis was not completed in any 

study. Though visual analysis remains the SCED standard, experts strongly advocate 

the use of both visual and statistical analysis methods.

  

40,41 This includes the 

requirement to provide information on changes to the level of the score from the 

measure of the dependent variable (target behaviour) after manipulation of the 

independent variable (treatment); emerging trends or slopes in the data; and 

commenting on variability in the data.30,40

 

 Only three of the seven SCED studies 

discussed trends in the data and only one study used statistical analysis methods. The 

premise of SCED research is to investigate if there is a change in the person’s targeted 

behaviour of interest after a period of intervention. We cannot know what the effect of 

any clinical intervention is without sufficient analysis of the data.  

What are the important elements of a behavioural intervention? 

This review highlighted many fundamental issues about implementing behavioural 

interventions to treat drooling in children with neurodisability. First, a functional 

analysis of the baseline condition, that is drooling, that includes identifying factors 

that are maintaining the drooling behaviour is needed,17 for example head control or 

the child’s positioning. As part of this analysis, adequate information must be 

provided about the baseline characteristics of the individual, including diagnosis and 

severity of condition. This will enable the development of effective function-based 

treatment.42 Second, a clear definition of the target behaviour (drooling) is needed to 

know what the person does that signifies a drooling event and to facilitate accurate 

recording of that event. Third, treatment procedures need to be specified, outlining 

what needs to be said or done in treatment to signify that active ingredients are being 

delivered.43 In specifying the content and procedures involved in delivering a 

treatment, the intervention ‘fidelity’ is partly ensured. Fidelity is an important part of 

best practice,44 as higher levels of treatment fidelity are associated with higher gains 

attributable to intervention.45 Finally, a multifaceted intervention approach is 
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warranted as drooling is a complex behaviour to treat and a single intervention alone 

is unlikely to be effective in eliminating or reducing drooling significantly. 

 

How should drooling be measured? 

One of the hallmarks of behavioural intervention is its emphasis on measuring the 

behaviour before, during, and after the intervention so that any change resulting from 

that intervention is captured.19 To provide an accurate measure of drooling, an 

operational definition of the target behaviour, that is easily observable and 

measurable, needs to be provided. This infers that the drooling behaviour of interest is 

identified and defined in precise terms using action verbs; for example, any saliva that 

spills from the mouth that is clearly visible. In addition, the method of measurement 

must be described in terms of how data are recorded, what instruments were used, and 

what constitutes a correct or incorrect response.30 Ongoing assessment of the 

behaviour should also be done well beyond the point of intervention to truly measure 

change.19

 Since the publication of four of the included studies, two validated measures 

of drooling, the Drooling Quotient

  

46 and Drooling Impact Scale,47 

 

have become 

available. The Drooling Impact Scale is a subjective scale completed by parents, 

which has good test–retest reliability and has been shown to be responsive to change 

in children who have undergone saliva control interventions. The Drooling Quotient 

is a reliable and objective measure of drooling severity. It is recommended that the 

available validated measures be used to reduce the potential error in measuring 

drooling. 

Implications for research  

First, it is recommended that a distinction be made between anterior and posterior 

drooling and used consistently in conducting research to facilitate transparency, 

collaboration, and direction in future research. For example, the anterior drooling 

definition provided by the American Academy of Cerebral Palsy and Developmental 

Medicine1 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 studies (Table II ). 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 non-experimental or quasi-experimental 

studies, are needed to better demonstrate a causal relationship between the 

intervention and the effects on drooling.41 When proof of concept is present, robust 

RCTs are warranted. SCED studies are well suited to investigating preliminary effects 

of interventions,40,48 but better-quality studies that address important internal and 

external validity constructs are needed. Randomizing the interventions phase order or 

onset helps to reduce the threats to internal validity and this is recommended so 

researchers can improve the credibility of study findings.41 Future SCED studies 

should include a randomization component to minimize the risk of bias and to better 

detect any intervention effects. The RoBiNT Scale30

 Third, it is recommended that researchers use the available validated measures 

of drooling 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 the baseline drooling status before 

commencement of intervention. In addition, research that focuses on drooling 

outcomes at an activity, participation, 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 stage, the 

potential of these treatments to improve health and development can be evaluated. To 

fully investigate the potential effect of behavioural interventions, an objective, 

reliable, and valid means of assessing and describing all relevant clinical 

characteristics of drooling and its contributing factors is needed, which currently does 

not exist. The development of a validated tool that assesses all aspects of the drooling 

behaviour, beyond severity and its impact, is warranted. 

 was designed as an appraisal 

tool; it does, however, also provide a very useful guide to researchers designing future 

SCEDs. Completion of high quality SCEDs will improve the evidence base for the 

role of behavioural interventions in the treatment of drooling.  

 Finally, a descriptive analysis of drooling is an important part of the functional 

assessment, which is a necessary component before implementing a behavioural 

intervention. The International Classification of Functioning Disability and Health – 

Children and Youth Version49 is an extension of the original International 

Classification of Functioning, Disability and Health25 framework, and can be used to 

describe and organize information about drooling using a coding classification 

system. Through using this, the complexity of drooling behaviour can be highlighted 

(Table SIII, online supporting information). This descriptive outcome is the functional 
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profile of the individual, not a diagnosis, and may facilitate the planning of 

comprehensive assessment and intervention. The identification of all components of 

this complex behaviour is critical for best practice to improve health outcomes for 

children with neurodisability who drool. 

 

Strengths and limitations of the review 

This systematic review aimed to answer a specific and focused clinical intervention 

question. The finding of only eight small experimental studies, despite a search of 

published and grey literature to locate relevant research, suggests that this area is 

under-researched. Four of the included studies were published 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 to drooling, for 

example swallowing, have occurred since the completion of the older studies. It is 

possible that 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 with neurodisability demonstrated positive outcomes, although findings are 

tempered with high risk of bias. By designing studies that use experimental methods 

and addressing fundamental quality issues related to internal and external validity, 

researchers would be in a better position to test the efficacy of such interventions. 

This will inform us as to how effective and potentially valuable behavioural 

intervention could be. Activity and participation level outcomes need to be targeted in 

this clinical intervention research, in addition to quality of life. Given the reported 

prevalence of drooling in this population, priority research is warranted to advance the 

evidence base related to behavioural interventions for drooling in current practice.  
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Table SI: Behavioural intervention definitions 

Table SII: Search strategy in MEDLINE 

Table SIII: Description of drooling using International Classification of 

Functioning Disability and Health – Children and Youth coding 

 

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

Analyses flow diagram  
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Table I: Characteristics of included studies 

Study and aim 

 

Level of 

evidence 

design 

Participants 

diagnosis and 

age 

Total 

n 

Target 

behaviour 

definition  

Behavioural 

intervention 

Outcomes of 

interest 

Measure Main findings 

Sethy et al.32 Level II 

Effect of a token 

economy behaviour on 

drooling  

 

RCT 

CP and mild ID; 

problematic 

drooling;  

5–12y 

25 Saliva that spilled 

over the lower lip 

and fell out of the 

mouth 

1. Token 

economy 

reinforcement 

 

2. Positive 

reinforcement 

BFS: Drooling 

frequency 

A: N/A 

P: N/A 

Continuous 

recording=freq

uency of 

drooling 

episodes for 

20mins 

Significant decrease in 

drooling frequency in 

experimental group (n=12) 

compared to non-

experimental group (n=13) 

 (p<0.01). Reduction not 

maintained  

Lancioni et al.34 Level IV 

Technology-assisted 

promotion of mouth 

drying to reduce 

effects of drooling  

 

SCED: 

withdrawal/

reversal 

ABAB 

design 

Multiple DD; 

persistent 

drooling problem; 

16y 

1  Chin wetness: 

saliva appearing 

below the lower 

lip 

Mouth drying 

response: passing 

mouth and chin 

over spongy 

surface to activate 

two 

touch/pressure 

microswitches 

1. Prompting  

2. Fading 

3. Positive 

reinforcement  

BFS: Drooling 

severity (chin 

wetness) 

A: Mouth 

drying response 

P: N/A 

5s interval 

recording of 

chin wetness 

 

Electronic 

recording of 

mouth-drying 

response 

Increase in mouth drying 

 

Decrease in chin wetness 

 

Improvements not 

maintained  
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Dunn et al.37 Level II 

Self-control and 

reinforcement in the 

management of 

drooling in one 

adolescent with CP 

 

SCED: 

MBD; three 

situations 

(‘social’, 

‘cognitive’, 

and ‘no’ 

demand)  

 

Spastic 

quadriplegia CP; 

ID and non-

verbal; long 

history of 

drooling;  

16y 

1 The number of 

drops falling from 

the lip or chin 

1. Self-

management 

(self-control) 

2. Prompting 

3. Positive 

reinforcement 

4. Token 

economy 

reinforcement 

BFS: Drooling 

frequency 

A: N/A 

P: N/A 

Continuous 

recording=freq

uency of 

drooling 

episodes  

Self-control was the most 

effective treatment 

component. 

 

Drooling eliminated in all 

three situations 

Lancioni et al.35  Level IV 

Two persons with 

multiple disabilities 

use a mouth drying 

response to reduce the 

effects of their 

drooling  

 

SCED: 

withdrawal/

reversal 

ABAB 

design 

Down Syndrome, 

visual impairment 

and non-verbal; 

long history of 

drooling;  

12y 2mo 

1  Chin wetness: 

saliva appearing 

below the lower 

lip 

 

Mouth drying 

response: 

bringing/pushing 

the napkin to 

mouth (to activate 

two sensors) 

1. Prompting 

2. Positive 

reinforcement  

BFS: Drooling 

severity (chin 

wetness) 

A: Mouth 

drying response  

P: N/A 

Electronic 

recording of 

mouth-drying 

response 

 

Interval 

recording of 

chin wetness 

using 5s 

intervals 

Significant differences in 

mouth-drying frequencies 

and chin wetness (p<0.01) 
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Lancioni et al.

Use of automatic 

cueing to reduce 

drooling in two 

students with multiple 

disabilities 

33 Level IV 

 

SCED: 

withdrawal/

reversal 

design  

Student 1: 

Deafness; motor 

impairment, ID; 

drooled 

consistently;  

16y 10mo 

Student 2: 

Deafness and ID; 

11y 2mo 

2 Wet: saliva 

appearing outside 

the lower lip 

 

Dry: No saliva 

appearing outside 

the lower lip 

1. Prompting  

2. Positive 

reinforcement  

3. Extinction (of 

positive 

reinforcement) 

BFS: Drooling 

severity 

(percentage of 

wet time 

samples) 

A: N/A 

P: N/A 

Interval 

recording: 

judged if dry 

or wet at the 

end of 20s 

intervals 

Percentage of time samples 

in which students were wet 

reduced during treatment  

Richman and 

Kozlowski36 

Level IV 

Operant training of 

head control and 

beginning language for 

a child with severe 

developmental 

disability  

 

SCED: 

withdrawal/

reversal 

design  

Multiple DD; 

quadriplegic 

spastic CP; 

baseline drooling 

status not 

reported; 

9y 8mo 

1 The presence of 

saliva on the lips 

or mouth 

1. Prompting 

2. Contingent 

reinforcement of 

all behaviours 

BFS: Drooling 

severity (dry or 

wet) 

A: (1) Eye 

(initiation and 

maintenance of 

eye contact) 

(2) Head 

(independent 

maintenance) 

(3) Vocal 

(imitation of 

vocalization) 

P: N/A 

Interval 

recording: all 

measures 

taken over 

10min periods 

(20s intervals) 

Eye, head, vocal behaviours 

increased with treatment 

and mean decreases in 

behaviour during reversal 

periods. 

Mean levels of drooling 

decreased in treatment 

period 
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Drabman et al.

Suppression of chronic 

drooling in children 

and adolescents with 

intellectual disability;   

38 

effectiveness of a 

behavioural treatment 

package 

Level II 

 

SCED: 

multiple 

baseline 

design 

across three 

participants 

‘Profound mental 

retardation’ and 

chronic drooling.  

Participant 1 7y; 

participant 2 had 

left hemiparesis, 

15y; 

participant 3 had 

cleft palate and 

orofacial 

anomaly; 12y 

3 Wet: any moisture 

(besides 

perspiration) 

present on the 

finger 

 

Very wet: 

presence of drool 

dripping from the 

child’s chin 

 

Dry: if saliva was 

not wiped off by 

the finger nor was 

dripping below 

the chin 

1. Positive 

reinforcement 

(praise if dry) 

2. Over-

correction (if 

wet) 

BFS: Drooling 

severity (dry, 

wet, or very 

wet) 

A: N/A 

P: N/A 

Interval 

recording 

every 30min 

Baseline ‘dry’ rates of 10% 

improved to 50%–60% 

after treatment 

 

Overcorrection for wetness 

and positive reinforcement 

for dryness lead to ‘durable 

and stable reductions in 

drooling’ 

Kay et al.

Elimination of 

drooling by an 

adolescent student 

with autism 

39 Level II 

 

SCED: 

multiple 

baseline 

design 

across three 

ASD and ‘mental 

retardation’ ; 

‘ rudimentary 

speech’ ; chronic 

drooling;  

17y 

1 ‘Saliva pool’ – 1 

inch or greater in 

diameter 

1. Instruction – 

‘swallow’ and 

‘wipe your 

mouth’ 

2. Prompting 

(physical 

prompt) 

BFS: Drooling 

severity (pools 

of saliva on 

surfaces) 

A: N/A 

P: N/A 

Interval 

recording: 

5min initially; 

increased to 

every 15min in 

each setting 

Steady reduction and 

eventual elimination of 

drooling in the three 

settings 
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RCT, randomized control trial; CP, cerebral palsy: ID, intellectual disability; y, years; BFS, body functions and structures-level outcome; A, 

activity-level outcome; N/A, not applicable; P, participation-level outcome; SCED, single case experimental design; DD, developmental 

disability; MBD, multiple baseline design.  

 

settings 3. Positive 

reinforcement 

(praise) 
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Table II: Risk of bias for SCED studies using the Risk of Bias assessment in N-of-1 Trials (RoBiNT) Scale

 

a 

 

Internal validity subscale Study and internal validity scoring  Study and external validity scoring 
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External validity 

subscale 
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9
 

Design 
2 2 2 2 2 2 2 

Baseline 

characteristic 
0 0 0 0 0 0 0 

Randomization 0 0 0 0 0 0 0 Setting 1 1 1 1 1 1 1 

Sampling of behaviour 
0 0 1 1 1 0 2 

Dependent 

variable 
2 0 2 2 2 0 0 

Blinding of assessor 
0 0 0 0 0 0 0 

Independent 

variable  
1 1 1 1 2 0 0 

Blinding of people involved in 

intervention 
0 0 0 0 0 0 0 

Raw data record 
1 2 1 1 2 1 1 

Interrater agreement 2 0 0 2 1 1 0 Data analysis 0 0 1 0 1 0 0 

Treatment adherence 0 0 0 0 0 0 0 Replication  0 0 1 1 0 1 1 

 Generalization 0 0 0 0 0 0 0 

Total internal validity score 
4 2 3 5 4 3 4 

Total external 

validity score 
5 4 7 6 8 3 3 
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aThe RoBiNT Scale30 uses a 3-point scoring system (2=items meet stringent criteria; 1=standards met with reservations; 0=failure to meet 

minimum standards). 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



 
 

This article is protected by copyright. All rights reserved 

 

A
u

th
o

r 
M

a
n

u
s
c
ri
p

t



Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
McInerney, MS;Reddihough, DS;Carding, PN;Swanton, R;Walton, CM;Imms, C

Title:
Behavioural interventions to treat drooling in children with neurodisability: a systematic
review

Date:
2019-01-01

Citation:
McInerney, M. S., Reddihough, D. S., Carding, P. N., Swanton, R., Walton, C. M. & Imms,
C. (2019). Behavioural interventions to treat drooling in children with neurodisability: a
systematic review. DEVELOPMENTAL MEDICINE AND CHILD NEUROLOGY, 61 (1), pp.39-
+. https://doi.org/10.1111/dmcn.14048.

Persistent Link:
http://hdl.handle.net/11343/284599

http://hdl.handle.net/11343/284599

