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Abstract
Autism spectrum disorder (ASD) is the most prevalent Neurodevelopmental condition of unknown etiology. The integration of

sensory difficulties with ASD affects the day to day routine activities and shows much dependence on parents or caretakers of ASD
children and adolescents. The most significant oral sensory challenge is the imperfect development of speech followed by atypical feeding behavior. Currently, speech therapy is the central therapy used for speech errors, followed by Oral placement therapy,
Nonspeech oral motor therapy, and audio digital therapies. However, all oral therapies have advantages and limitations, due amount

of time required and nature of the disorder. The present review evaluated the current status of oral therapies and recommended
prosthodontic based guidelines based upon the oral sensory-motor pattern associated with ASD subjects.
Keywords: Autism Spectrum Disorder (ASD); Oral Placement Therapy; ASD Children

Introduction
The Current status about the management of oral sensory

issues in ASD is centrally focused on Speech Therapy. A speechlanguage pathologist is a therapist who specialized in treating language problems and speech disorders [1]. There are several methods available to motivate and enhancement of productive speech,

however there is no classification of the speech therapy that men-

tioned with any literature, hence the review divides the speech
therapy for better-understanding, which are as follows:
•

•

The speech therapy based learning principal: Natural language teaching, and incidental teaching, or pivotal response
training. Auditory-motor mapping training technique, and
parent telegraphic speech and spoken language technique
Oral Placement Therapy or Oral motor Therapy: the techniques are Oral motor-and manual motor skills, paltometry,
Growth curve model, Talk-ToolTM Therapy, pressure recording device “PRESLA and the tongue pressure sensor for Biomedical application.

•
•

Nonspeech oral motor treatment. Oral-motor movements
but not related to speech.

Audio-Digital techniques: Video analysis, Music therapy,
Computer interactive games, and Mobile applications.

There are a total of 16 articles were evaluated for the oral thera-

pies in ASD (Table 1 and figure 1). The outcome of the single-blind
RCT reported that there is no improvement in structural language

ability but there is some evidence for the second outcome of parent- reported pragmatic functioning [1]. That means external stim-

ulation from a speech therapist or parent training is necessary for
speech and communication. The picture exchange communication

system on three ASD children shows that the PECS may the alternative tool for better speech communication, however detailed

analysis is necessary to minimize the negative effect of picture [2].

Auditory motor mapping training (AMMT’s) multimodal nature fa-

cilitates spoken language production by activating shared motor,
auditory and visual neural representations of the same vocal/man-
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ual actions. AMMT is not only improving the spoken language in

verbal children but it shows improvement in ASD children who are

struggling with significant expressive language and speech production deficits [3]. parent telegraphic speech and spoken language
Therapist
Adams C
(2012)
Marjorie M.,
et al. (2002)
Fletcher S
(2008)
Hayden D
(2006)
Forest K
(2008)

Cheanusky
KV., et al.
(2017)

104

technique for Preschool children with ASD is not discussed in the
review, as many studies claimed that telegraphic input may have a
negative impact on language development.

Type of therapy

Method

Results

Randomized control
trial

In a single-blind RCT, there were 88
children were evaluated for pragmatic as
compared with the structural aspects of
language.

The study findings suggested that there is no
improvement in structural language ability but
there is some evidence for the second outcome
of parent- reported pragmatic functioning.

Picture exchange communication system
Paltometry

The prompt model
Nonspeech oral motor
exercise (NSOME)
Auditory motor mapping training

Investigate picture exchange communication on three ASD children

Increases the verbal speech and social communication.

These model works on four types: Parameter prompt, syllabus prompt, complex
prompt, and surface prompt.

PROMPT is comprehensive model to normalized the speech pattern in mixed motor speech
disturbance

Palatometer constructed by using 118 sensor electrode retained in acrylic base plate.
Subject wears the appliance that retained
by teeth and palate.

Comparative study between NSOME and
production training for children with
sound speech disorder

AMMT’s multimodal nature facilitates
spoken language production by activating
shared motor, auditory and visual neural
representations of the same vocal/manual
actions.

Gernsbach- Oral motor-and manual Comparative cohort study of 10 oral motor
er MA., et al. motor skills as a part 1 and 21 manual motor skill for ASD children
(2008)
and home video study
and typically developing as a control. The
of motor skills
second part was evaluation of historical home video to assess the accuracy of
the early oral- and manual-motor data
obtained in the caregivers
Lof GL and
Watson MM
(2008)

A nationwide survey

Bedford R.,
et al. (2016)

Growth curve model

A nationwide survey : A total of 2,000
surveys were mailed to a randomly
selected subgroup of SLPs, obtained from
the American Speech Language-Hearing
Association (ASHA)

The study design a growth curve models
for expressive and receptive language measured at 2, 3, 5 and 9 years in 209 autistic
children. Measures of gross motor, visual
reception and autism symptoms were collected at the 2 year visit.

Computerized visual-auditory feedback tool
that provides an online, dynamic display of the
tongue’s contact with the hard palate during
speech and swallowing functions.

The finding of the study suggested the greater
speech gain with production training with Production training .
AMMT is not only improving the spoken language in verbal children but it shows improvement in ASD children who are struggling with
significant expressive language and speech
production deficits.

The study findings reported that the prominent
associations among early oral- and manualmotor skills and later speech fluency bear
implications for understanding communication
in autism.
There are theoretical and research data that
challenge both the use of NSOMEs and the efficacy of such exercises in resolving speech sound
problems.
The study evidence reported that early motor
abilities in young children with ASD have subsequent improved development of speech.
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Jhonson SR
(2009)

Talk-ToolTM Therapy

Therapy described the role every component of oral cavity to develop speech sound
and feeding

Corbet BA
(2003)

Video analysis

A Single case study of autism with video
analysis

Lim HA
(2007)

Rahman M.,
et al. (2011)
Furlong L.,
et al. (2018)
Saradini P.,
et al.
(2014)

Jeannin C.,
et al. (2008)

Music therapy

Computer interactive
games

Digital mobile application
Analyse the tongue
pressure sensor for
Bio-medical application
pressure recording
device “PRESLA

A Comparison between music therapy with
speech video therapy in 50 ASD children
with age group of 3-5 years.

105

This particular therapy useful For: speech Clarity, Tongue –tip placement, oral-motor feeding,
tongue placement and dental alignment, exercise for short frenum, the role of jaw for feeding
and speech.
Study findings reported an improving in speech
communication.
The study findings reported that music therapy
is as effective as speech therapy.

The study conducted on ASD population
with different interactive computer games

Authors recommended that this may alternative
method to improve speech and communication.

The proposed device consists of six sensors and a conditioning and transmission
circuit, that shows an operation for a range
of Pressure (100 kPa)

Authors claimed that this device is best in the
application for the people with language or
swallowing disorder

Mobile Application Rating scale for children with speech disorder

The device measure tongue pressure

Table 1: Current status of oral therapies.

There were total 132 unique apps for full apprais. Twenty-five were of good quality, 105
average and 2 were poor or very poor.

Mechanical interactions between tongue and
teeth during speech production.

Figure 1: Oral therapies representations.
Oral placement therapy is an interesting part of the speech ther-

jaw position and contact between the tongue and palate during the

on the component of speech therapy. The significant work was

ity Pyramid), speech clarity, tongue-tip position, and oral-motor

apy as it is not involved with stimulation only but it majorly related

to oral-speech motor movement that means it mainly concentrates

done by Jhonson SR (2009), introduce Talk-Tool therapy [4]. The
Talk-Tool therapy highlighted the significant role of oral muscles,

various positions of speech sound production. The jaw exercises
(jaw strengthening is like a pyramid which was called Speech Clarfeeding. The paltometry [5] analyse the Computerized visual-auditory feedback tool that provides an online, dynamic display of the
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tongue’s contact with the hard palate during speech and swallow-

improvement in speech and communication. However, the success

which allows input into different aspect of speech-motor system

gist and other therapy used for generalized sensory processing.

ing functions. The PROMPT (prompts for restructuring Oral Mus-

cular Phonetic Target), therapy, it is a type of training parameters
of jaw height, facial-labial muscle contraction, tongue height, and
advancement, duration of contraction and air stream control of
the laryngeal and oral- nasal valve. There are four types prompt.

The PROMPT therapy [6] useful for speech-disorder children with
moderate to severe mixed phonological errors and oral motor impairment. There are two innovative device: that records the tongue

pressure during tongue-palatal contact in speech-disorder children. The palatal sensor appliance [7] for the people with language

and swallowing disorder and the PRESLA [8] a device that records
the tongue pressure and Mechanical interactions between tongue

and teeth during speech production in speech disorder patients.
The growth curve model [9] claimed that early motor abilities in

young children with ASD have subsequent improved develop-

ment of speech. The oral motor and manual motor skills on ASD

of speech therapy mainly depends upon the severity of the conditions, the amount of time devoted by speech- language- patholoThe speech therapy is a long standing procedure, so it will be difficult and frustrated for ASD children and their parents to maintain
patience for longer duration and the speech improvement will be

seen gradually and dependent upon other sensory issues [1,18].

Speech therapy mainly focuses on expressive and receptive speech.
The researcher of Oral-placement therapy shows much improve-

ment in oral musculature related to speech, there are several tools
that shows improvements in speech but the outcome evidence is

low as there is no follow up that shows progress of speech. There
are several speech generating device that require further evaluation. The behavioural therapy for food selection also reported the
problem of follow up.

There is a need for oral therapy that will work similarly to oc-

infants and toddler strongly claimed there is a prominent associa-

cupational therapy used for generalized sensory processing in

non-speech activities that aim to stimulate or improve speech pro-

should have combined effect indirect stimulation similar to speech

tion between early oral-motor and manual skills and later speech
fluency [10]. Nonspeech oral motor treatment (NSOMT) [11] are
duction and treat specific speech errors. The example of NSOMT

are motor exercise such as smiling, pursing, blowing into horns,
blowing bubbles, and lip massage to target lip mobility for the production of speech sound involving the lips, such as/p/, /b/, and

/m/ (bilabial sound) [11]. However there is challenge the efficiency
of NSOMT and the researchers claimed that the further investiga-

tion is necessary [12,13]. The digital groups show study on Video
analysis [14], Music therapy [15], Computer interactive games [16],
and mobile applications [17]. All these therapies are useful as an alternative mode of speech production. However, the music therapy
reported better outcome and larger effect size.

Recommendation of evidence based prosthodontic guidelines:
The observation of the speech problems, feeding behaviour,

and other oral sensory issues shows that the speech errors in

ASD is related to oral- motor speech disorder which is noted as a
Sound-Speech disorder (SSD). The SSD is further related to imperfect motor planning, articulation disorder, phonological disorder,

childhood apraxia of speech (CAS) and prosody. The feeding be-

haviour represented as difficulty in the selection of food, a limited

selection of food and interest to a particular food or picky eaters.
The feeding and eating behavior depend upon oral tissue sensitiv-

ity, either hyposensitivity or hypersensitivity. The oral therapies
have a multiple options and the most common central therapy is

speech therapy. The speech therapy has a significant role in the

ASD, that works to develop skills for handwriting, fine motor skills,

daily living skill and increases awareness. The ideal oral therapy

recognition as well as direct intervention in the form of appliance
therapy which modulate sensory- motor pattern related to speech

and feeding behaviour. The review recommends evidenced-based
prosthodontics guidelines as a principal sensorimotor or oral occupational therapist to improve the speech and associated oral

sensory difficulties in ASD, on the basis of two observations: Oral
neural receptors and prosthodontics role in speech science.

Oral tissues have a special status within the somatosensory sys-

tem. It is one of the most densely innervated parts of the body in
terms of peripheral receptors. Oral tissues are deeply and widely

dispersed by a vast number of receptors. The final representation

of oral sensation is the primary somatosensory cortex, which is located at a strip extending mediolaterally immediately behind the

central sulcus. It comprises Broadman areas 1, 2, 3a and 3b [19].

There are Five MRI studies of oral receptors stimulation and ac-

tivation of the higher centre of the brain, particularly the areas
involved in ASD. Trulsson., et al. (2010) [20] evaluated the activa-

tion inferior frontal gyrus (IFG, Broca area: This particular area is

associated with social language processing and social attention).

Otuska T., et al. (2016) [21], reported the higher activation of the
amygdala. ASD shows higher abnormalities in the amygdala and

more specifically decrease the volume of the right amygdala. The
punctuate mechanical stimulation of Osseointegrated oral implant

as a osseoperception f MRI study observed the activation of pri-
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mary and secondary somatosensory cortex and more precisely the

cortex reported the classically related to “sensory homunculus”

bilateral activation of the primary somatosensory cortex, however,

and secondary somatosensory cortex. This observation may have

inferior frontal gyrus [22]. The comparative f MRI study of tooth
pain representation with manual (hand) pain reported that there is

there is unilateral activation of the same in manual pain [23]. The

cortical representation of human oral area in the somatosensory
Author
and year

Trulsson.,
et al.
2010

[24]. Eventually, the observation of the f MRI study made it clear

that oral tissue representation has a special status in primary
signed for further research in ASD, particularly for oral sensory issues.

purpose

methods

Results

Evaluate the brain activation in response to
vibrotactile stimulation: A psychophysical
and fMRI study

The study was performed on the first upper
left incisor on Ten healthy, right -handed
male volunteers (aged 18–40) who participated in the study. The mechanical
stimulus was delivered by using Mechanical
vibrotactile stimuli via a probe attached to
a piezoelectric bender element stimulator. The mechanical stimulus was delivered
at 20, 50, and 100 Hz. The Psychophysical
measurements were made of their detection
threshold for each of the three frequencies
of mechanical stimulation applied to the
left incisor. The detection threshold was
recorded using a parameter estimation by
sequential testing (PEST) protocol with
LabVIEW controlling the frequency and amplitude of the stimulus. fMRI was performed
on a 3.0 T echo-planar imaging (EPI) scanner
with quadrature transverse electromagnetic
(TEM) RF coil.

The results of the study show that the detection threshold level at 20 Hz was signiﬁcantly
higher than that at either 50 or 100 Hz (P 0.03,
20 vs. 50 Hz; Ps 0.05, 20 vs. 100 Hz; 2 tailed
t-test with equal variance). No signiﬁcant difference was found between the 50 and 100 Hz
detection threshold levels. fMRI results noted
that the Stimulation at 20 Hz applied to the left
incisor produced signiﬁcant bilateral activation
of the SI, along with activation of the SII, with
dominant activity in the right hemisphere. In
addition, activated regions were found bilaterally in the posterior insula, and in the anterior
insula, inferior frontal gyrus (IFG), inferior
parietal lobe and middle frontal gyrus (MFG)
and cerebellum. At 50 Hz, global activation was
signiﬁcantly reduced (number of active voxels:
20 Hz: 1,873; 50 Hz: 436; 100 Hz: 1,842) with
activation being found bilaterally in the inferior
parietal lobe and SII and in the posterior insular,
but no signiﬁcant group activity was found in SI.
At 100 Hz there was strong activity of the L posterior insular/precentral gyrus, and bilaterally
in the inferior parietal lobe. At this frequency,
no signiﬁcant activation in either SI or SII was
found. The results of the study concluded that
periodontal mechanorceptors show response
properties similar to the slowly adapting type
II (SA II) mechanoreceptors in the skin and
monitoring the tension in collagen ﬁbers,
thereby providing information to the brain on
the mechanical state of the soft tissues, as part
of a general proprioceptive system.
“The most important finding of the study is the
stimulation of inferior frontal gyrus (IFG, Broca
area) at 20 Hz threshold. This particular area is
associated with social language processing and
social attention. This neural area shows abnormality in ASD”.
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Otuska T.,
et al.
2016

Habarehallage P.,
et al. 2012

Experimented occlusal interference on
brain activation during gum chewing

The study used occlusally oversized gold
crown that had fabricated by modifying the
gold electroforming system used for the gold
crown, so to create the occlusal interference.
The crown was placed on left mandibular
first molar and three or four points were
marked by using articulating paper and
thickness of marked point was measured.
The tasteless or odorless gum was used for
chewing on the left side. A total 11 healthy
subjects with no history of psychiatric or
neurological disorders were selected. Each
subject performed the gum-chewing task
with or without the overlay. Each subject
performed a series of four cycles of gum
chewing, each cycle consisting of 32 s of
chewing and 32 s of resting. A recovery/
reset period of 20-30 min separated the two
chewing series (one with the overlay and
one without the overlay as a control) in each
subject to eliminate the influence of one task
on the other. Each subject quantified their
subjective feeling of discomfort during chewing with a mark, which ranged from 0 to 10
(0=no discomfort, 10=extreme discomfort),
followed by fMRI protocol, which is based
on the blood oxygenation level dependence
(BOLD) effect, which detects signal fluctuations due to changes in the ratio of oxyhemoglobin to deoxyhemoglobin in the blood in
relation to brain activity

108

The Statistic shows that the results were significant p<0.05. The unpleasant sensation during
gum chewing was much greater in the interference group than the control group (p<0.01).
However, fMRI findings were more significant
it shows the higher activation in the amygdala
(p<0.001), anterior cingulate cortex (p<0.001),
prefrontal area (p<0.05), and hypothalamus
(p<0.05). The results of the study concluded
that stimulation from occlusal interference is
rapidly relayed to the brain and related to activation of emotions of discomfort.

The interesting finding of the study is the higher
activation of the amygdala. The amygdala is
a processing center that receives incoming
messages from our senses. It is highly involved
in different emotional responses. ASD shows
higher abnormalities in the amygdala and
more specifically decrease volume of the right
amygdala

A cross-sectional observational study with
9 volunteering patients and 10 age-matched
controls. For each patient, functional magnetic resonance imaging (fRMI) recordings
were made during punctate mechanical
stimulation of either teeth or osseointegrated
implants in the maxillary incisor area.

The results of the study demonstrate that punctate mechanical stimulation of oral implants
activates both primary and secondary cortical
somatosensory areas. This cortical activation
may represent the underlying mechanism of
osseoperception. However, the activation of
inferior frontal gyrus was the main observation.

Jantsch
HH., et al.

Evaluate the Brain
plasticity and cortical correlates of
osseoperception
revealed by punctate
mechanical stimulation of osseointegrated oral implants
during fMRI

Investigated the Cortical representation of
experimental tooth
pain in humans.

It is an fMRI experiment that compares the
cortical representation of tooth pain was
compared with that of painful mechanical
stimulation to the hand

Miyamoto
JJ., et al.
2006

Evaluate the cortical
representation of human oral area in the
somatosensory cortex
by using fMRI

The study was conducted on Fourteen
healthy volunteers (eight males and six
females, mean age = 32.6 years, range 24--56
years) participated in this study. Thirteen
subjects were right-handed, and one was lefthanded. Subjects were stimulated at three
areas on the right side of the oral area: the
lower lip, the tongue, and the upper central
incisor tooth. The lower lip and tongue were
stimulated by using the stick with a piece of
Velcro at its tip. The right upper incisor tooth
was also stimulated using the stick with a
grooved rubber tip.

The results of the study shows that there is
bilateral activation of primary somatosensory cortex (S1) in case of tooth pain wherein
mechanical stimulation of hand pain there is a
unilateral activation of S1. tooth pain activates a
cortical network that is in several respects different from that activated by painful mechanical
stimulation of the hand.
fMRI observation of cortical representations of
the oral area shows that the representation of
teeth was located signiﬁcantly superior to that
of the tongue and inferior to that of the lip In
the rostral portion of the Postcental gyrus. This
findings classically related to “sensory homunculus”. the findings of the study further stated
that the input from oral structures converges
hierarchically across the primary somatosensory cortex

Table 2: Studies representation of oral tissue to higher centre of the brain.
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Prosthodontics is a recognized specialty of dentistry, that

principal oral sensorimotor or oral occupational therapist to form

application in a prosthetic appliance. The advancement of comput-

a lack of specificity in terms of evidence as speech assessment

deals with the replacement and restoration of missing oral tissue.

Prosthodontics has precise knowledge of speech science and their
erization in prosthetic dentistry such as CAD- CAM and 3- Printing based prosthesis evaluate better tissue perception. The palatal

plate recontouring and maxillary incisor positioning in phonetic
improvement was already proved.

Apart from the speech ther-

apy, the prosthodontics can have a significant impact on speech
development and feeding behaviour, as precise manipulation of

the oral musculature and articulation of the speech component
can be well managed by prosthetic based appliance therapy than

other oral therapies. The evident role of prosthodontics in speech
improvement and feeding pattern in the patients with a functional

articulation disorder, such as the Patient with cleft lip and palate,

oral motor disorder, down syndrome, and cerebral palsy has been

stable prosthetic based applications for improvement in speech

and feeding problems in ASD children and adolescents. There is
reported generalized speech errors with ASD but did not specify
which component of speech is majorly involved. The articulation

errors did not specify interference of articulation of oral component. The phonological errors and prosody showed different ap-

pearances in various ASD groups. The oral therapies showed a
lack of sensitivity at the outcome level. Apart from speech learning

principal, there are other therapies that have a less study population and does not focus on sensory issues at outcome level.
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