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Tongue strength as a clinical feature of oral
health in neurological patients:
A Systematic Review.

La fuerza lingual como una caracteristica clinica de la salud
oral en pacientes neuroldgicos: Una Revision Sistematica.

Abstract: Objective: Current oral health assessment has a compre-
hensive view of the relationship between hard and soft tissues of
the mouth as seen by orthodontics and prosthodontics in a healthy
population. Despite knowing the influence this relationship has on
functional outcomes such as swallowing and mastication, motor
evaluation of soft tissue such as the tongue is still scarce. This lack of
knowledge is even greater in individuals with a neurological condition.
In this sense, the measurement of lingual strength has been addressed
by some research as a key element accompanying oral rehabilitation in
healthy populations. Acknowledging the importance of tongue strength
in oral biomechanics, the lowa Oral Performance Instrument (IOPI)
has become a gold standard instrument. The purpose of this article
was to search for scientific studies on tongue strength using the 10OPI
as a research tool in populations with neurological conditions, to know
about its inclusion in the clinical practice and comprehensive oral health
rehabilitation in this population. Material and Methods: A systematic
search in five major databases was carried out based on the PRISMA
Protocol. Searches were conducted in the PubMed, Medline, Lilacs,
Web of Science and MedCarib databases including articles from 2007
to 2020. To generate the search in each database, three main constructs
were developed: (1) "tongue strength [OPI"; (2) "Swallowing Disorders";
(3) "Neurological Diseases". Results: 152 studies were identified,
14 were included in the final review. The PEDro scale showed great
heterogeneity in the level of evidence between the studies with only
5 RCTs and only two of them on lingual strength training. Conclusion:
The IOPI was used mainly to measure tongue strength and only 36% as a
clinical training device, which could contribute to improving oral health.
The stroke was the most represented (79%).1111SU.

Keywords: tongue, muscle strength; oral health, oral; swallowing; nervous
system disease; |OPI.
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Resumen: Objetivo: La evaluacién actual de la salud
bucaltiene unavisiénintegral delarelacionentre los tejidos
duros y blandos de la boca seglin se observa en préactica
de la ortodoncia vy la prostodoncia en la poblaciéon sana.
Apesar de conocer la influencia que tiene esta relacion en
resultados funcionales como la deglucion y la masticacion,
la evaluacion motora de los tejidos blandos como la lengua
es alin escasa. Esta falta de conocimiento es alin mayor en
personas con unacondicion neuroldgica. En este sentido, la
medicién de la fuerza lingual ha sido abordada por algunas
investigaciones como un elemento clave que acompana a
la rehabilitacion oral en poblacidon sana. Reconociendo la
importancia de la fuerza lingual en la biomecdnica bucal,
el lowa Oral Performance Instrument (IOPI) se ha convertido
en un instrumento estandar de medicion. El propdsito de
este articulo fue buscar estudios cientificos sobre la fuerza
lingual en pacientes neurolégicos utilizando el IOPI como
herramienta de investigacion, para conocer su inclusion en
la intervencion clinica y rehabilitacion integral de la salud
bucal en esta poblacién. Material y Métodos: Se realizé
una busqueda sistematica en cinco grandes bases de datos

INTRODUCTION.

Prosthodontic rehabilitation acknowledges that as
swallowing is a complex process, tongue functioning
is crucial in restoring deglutition along suitable
prosthesis.? In order to swallow, an individual triggers
a complex activity of voluntary and involuntary
actions that requires adequate coordination of
the oropharyngeal and esophageal neuromuscular
structures in order to maintain the nutritional
status and airways protected.?2® Motor skill of the
tongue and maintenance of natural dentition or
prosthodontics rehabilitation is necessary also for
an adequate masticatory function. A swallowing
disorder focused on the oral phase of the process
implies an unsatisfactory muscular performance of
the tongue based on its biomechanical functioning®¢
and consequently the difficulty of propulsion of the
alimentary bolus.”

In this context, the measurement of tongue strength
has been approached by some studies, most of them in
a healthy population,® where oral health care involving
a transdisciplinary approach consisting of dental and
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basada en el Protocolo PRISMA. Las busquedas fueron
realizadas en las bases PubMed, Medline and Lilacs, Web
of Science y MedCarib incluyendo articulos desde 2007
al 2020. Para generar la busqueda en cada base de datos,
se desarrollaron tres constructos: (1) "tongue Strength
IOPI"; (2) "Swallowing Disorders"; (3) "Neurological
Diseases". Resultados: Se identificaron 152 estudios,
14 se incluyeron en la revision final. La escala PEDro se
evidencid gran heterogeneidad en el nivel de evidencia
entre los estudios con sélo 5 RCT y Unicamente dos de
ellos sobre entrenamiento de fuerza lingual. EI IOPI se
utilizé principalmente para medir la fuerza lingual y sélo en
un 36% como dispositivo de entrenamiento clinico, lo cual
pudiese contribuir a mejorar la salud oral. Conclusion:
El ACV fue el mas representado (79%). Se necesita
adicionar evidencia sobre el entrenamiento de la fuerza
lingual en individuos con afecciones neuroldgicas como
la enfermedad de Parkinson dada la creciente prevalencia
reportada por la literatura cientifica.

Palabra Clave: lengua; fuerza muscular; salud oral; deglucion;
enfermedades del sistema nervioso; |IOPI.

medical professionals might be important, but has not
been studied in detail in patients with neurological
conditions.? This indeed justifies the need to evaluate
tongue strength as a useful indicator of oral fuction10
that might help to understand its relationship with
swallowing in neurological population.** Likewise,
the influence on lingual muscle strength training is a
relevant aspect to be investigated, as demonstrated
in a study with laboratory rats, which showed that
moderate exercise seems to be beneficial for muscles
such as the tongue.*? In addition, dentist can improve
oral rehabilitation of a patient by incorporating
orofacial myofuctional therapy involving the tongue.*®

Further analysis of the relationship between tongue
pressure and neurological problems may contribute
to elucidate the mechanisms underlying tongue motor
control during swallowing. Terms such as “strength”
and “pressure” are mentioned as key variablesin studies
that aim to evaluate the tongue muscular performance
instrumentally where the tongue pressure exerted
on a surface, in this case on the palate, is measured in
kilopascals kPa.1415
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It is important to note that the neurological
conditions included in the search for review was an
optionofthe authorsbased ontheir prevalence andthe
disturbed oral health status associated to dysphagia
as seen in clinical setting, which has been documented
by scientific literature.'® So, in cerebrovascular acci-
dent CVA, for example, disturbance of swallowing
is a frequent finding, with an estimated occurrence
of 76% and a reduction in tongue force directly and
negatively impacting the propulsion of the bolus.7*? In
this context, a positive effect of muscular endurance
training was observed on the strength and accuracy
of the tongue pressure of this population.? In the
case of subjects with Parkinson's disease (PD), the
physiopathology of the disease?*?? produces va-
riations in tongue force and movement that may also
determine difficulty in oral transit or bolus propulsion
towards the pharynx.2®24 Similarly, in subjects with
traumatic head injury (TBI)2528 oral motor disorders,
such as dysphagia, have been identified as secondary
alterations. Moreover, Alzheimer's disease (AD) is
found associated with swallowing dysfunction due to
progressive neurodegenerative disorder.??-3° There is
evidence that dysphagia is highly prevalent in these
populations, affecting 8% - 80% of CVA patients, 11%
- 60% of PD patients, 91% of elderly patients with
community-acquired pneumonia, and approximately
30% of brain-injured patients.3!

Other neurological diseases such as Amyotrophic
Lateral Sclerosis (ALS)%? are also characterized by
limited movement, decreased muscle strength®® and
abnormal tongue movement, making swallowing
difficult and ineffective.®® Another neurological
disease that can affect muscle performance and cause
swallowing disorder is Multiple Sclerosis (MS).35:3¢

Since tongue strength is an important aspect to
be studied, the lowa Oral Performance Instrument
IOPI has emerged, among other devices, as a tool for
its measurement.®” The IOPI is a pressure transducer
device used to measure tongue function variables. It
made it possible to identify that maximum isometric
tongue pressure for healthy young and middle aged
persons is 63 kPa and 56 kPa for older people. This
review focuses on tongue strength, where the |OPI is
this clinical instrument most widely used in published
studies worldwide. In the IOPI the maximum tongue
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strength and peak pressure during swallowing can
be obtained by measuring the maximum isometric
pressure (MIP) exerted by the tongue against the
palate in an air-filled bulb that connects to a battery
operated amplifier, conditioning circuit signal and
digital voltmeter, displaying the peak pressure on a
kilopascals (kPa) digital reading.®®%° Thus, in order to
provide up-to-date information on the IOPI tongue
strength training and assessment in a broad spectrum
of neurological conditions, this systematic review
aimed to seek scientific evidence on the use of the
IOPI as a research tool in subjects with neurological
diseases.

MATERIALS AND METHODS.

The search strategy and eligibility criteria were
based on the elaboration of a systematic review
protocol which followed the recommendations of the
report protocol for systematic reviews and PRISMA
meta-analysis.®® The procedures were performed in
three phases considered for the search and selection of
articles, namely, Identification, Screening and Eligibility
phase. Two researchers independently conducted the
search and analysis of the studies (EP and DB), and a
third (AB) was consulted when there was disagreement
in the analysis.

Identification

The purpose of this first phase was to identify the
scientific evidence devoted to the study of tongue
strength using the IOPI as a research tool in adult
subjects with neurological diseases. For this purpose,
searches were conducted in the PubMed, Medline
and Lilacs, Web of Science and MedCarib databases
including articles from 2007 to 2018.

To generate the search in each database, three main
constructs were developed:

(1) "tongue strength IOPI";

(2) "Swallowing Disorders";

(3) "Neurological Diseases". The terms were
selected using as criteria the frequency that appears in
articles related to the thematic area of the study. Each
construct included a series of keyword associations
using the Boolean OR operator.

Thus, thefirst construct was composed by combining
the following terms: "Tongue strength” AND “IOP!”
OR “lowa Oral Performance Instrument". The second
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by the terms: "Deglutition" OR "Deglutition disorders"
OR "Dysphagia". Finally, the third construct included
the terms: "Neurologic" OR "Stroke" OR "Parkinson's
disease" OR "Traumatic brain injury" OR "Alzheimer"
OR "Amvyotrophic lateral sclerosis" OR "Multiple
sclerosis". The search was incorporated into the
association between the three constructs, this time
using the boolean operator AND.

The language of the articles was limited to English,
Spanish and Portuguese; In the case of the PubMed
database, the age group of the population studied
was over 19 years old. We did not include dissertation
papers and theses, as well as literature reviews
and event annals. The duplicate articles were then
eliminated and, considering the breadth of the initial
search, the results were further refined by taking into
account the information presented in the title, abstract
and keywords.

Screening

The purpose of this second phase was to review
the content of abstracts and titles found in the initial
search to identify those potentially eligible for further
full-text analysis. Based on the search terms, studies
excluded were those that:

(1) did not include a device for measuring tongue
strength;

(2) did not report research within the scope of the
objective of this systematic review;

(3) were not done in humans.

Following, the full text of the potentially relevant
articles was obtained, taking as reference the above
criteria. Then, the agreement between the evaluators
regarding their selection was evaluated.

Eligibility

The purpose of this third phase was to conduct
a thorough analysis of the articles included in the
previous review. This time, the Inclusion Criteria
established for this research were considered:

(1) to present use of the IOPI as an instrumental
device;

(2) include tongue strength assessment or training;

(3) be written in English, Spanish or Portuguese;

(4) consider subjects with neurological disorders as
defined in the search terms;

(5) be available online.

In addition, the exclusion criteria were considered:
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(1) present a device in the study and tongue strength
therapy other than the IOPI;

(2) include subjects with severe orofacial or dental
structural changes.

After reading the articles in full, the following
data were extracted: Names of the authors, year of
publication, country where the study was conducted
and modality of use of the IOPI instrument (evaluation
ortraining). Additionally,itdetailed howtheevaluations
and training with the IOPI were. Furthermore, the
PICO Statement (Population, Intervention,
parison and Qutcome) was conducted to identify

Com-

relevant information from the studies in addition to
other key data (Table 1).

Then, the final studies were analyzed based on
the PEDro scale and then, as there was not enough
methodological and statistical data, it was not possible
to provide a meta-analysis.

Cronbach's a value, sensitivity, specificity of mea-
surement and the size effect value (Cohen’d) were not
possible to consider for further statistical analysis due
to the lack of information reported in the reviewed
studies.

RESULTS.

The initial search by the researchers responsible for
this phase produced a total of 152 abstracts (PubMed=
30; MEDLINE=107; Lilacs=5; Web of Science=10; Med
Carib=0). There was 100% agreement in the search
performed. Of the 152 abstracts obtained in the initial
search, duplicate items were removed (n=33), leaving
a total of 119 articles. Of these, 48 were excluded
according to the criteria defined in the screening
phase. There was 90% agreement between the two
initial researchers in the selection of those articles. In
the eligibility phase, 71 articles were then evaluated
with the inclusion and exclusion criteria.

After this, 57 studies were discarded, leaving only
14 to be included in the final review. There was 100%
agreement between the researchers. Figure 1 shows
the selection flowchart obtained according to the
proposed Systematic Review Protocol. Identification
and relevant information of the studies based on the
PICO Statement (Population, Intervention, Comparison
and Outcome) plus other relevant information was
identified.(Table 1)
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Table 2. PEDro scale for assessment of revised articles.

Scale Items Random Concealed  Similar Blinding Blinding Blinding Measures Analysis Between- Measures
Allocation Allocation prognostic  of all of of of key out- by inten-  group of preci-
indicators subjects therapist assessors comein tionto statistical sion and
more than treat compa- variability
85% of rison
subjects

Stierwalt et al.,*? No No Yes No No No Yes Yes No Yes
(2007)

Robbins et al.,*? No No Yes No No No Yes Yes No Yes
(2007)

Yeates et al.,** No No Yes No No No Yes Yes No Yes
(2008)

Easterling et al.,* No No Yes No No No Yes Yes Yes Yes
(2013)

Steele et al.,*® No No Yes No No No Yes Yes No Yes
(2013)

Park et al.,* Yes Yes No No No Yes No Yes Yes Yes
(2015)

Kim et al.*® Yes No Yes Yes No No Yes No Yes Yes
(2016)

Byeon3® Yes Yes No No No Yes No Yes Yes Yes
(2016)

Leeetal,™ Yes No Yes No No No Yes No Yes Yes
(2016)

Steele et al.,”® Yes Yes No No No Yes No Yes Yes Yes
(2016)

Oliveira et al.,®2 No No Yes No No No Yes Yes No Yes
(2017)

Ohetal.,® No No Yes No No No Yes Yes Yes Yes
(2017)

Pitts et al.,>® No No Yes No No No Yes Yes No Yes
(2018)

Moon et al.,” Yes Yes No No No Yes No Yes Yes Yes
(2018)

From the 14 selected articles, five used the IOPI as
an instrument for lingual strength training, while nine
used the instrument as a device for assessing tongue
strength and endurance. In all studies, a total of 366
individuals with neurological conditions assessed or
treated with the IOPI were found. Only four diseases,
of the six surveyed, were identified in the reviewed
studies. No studies were found on patients with AD
and MS. From the total participants of the studies,
7.6% were persons with PD and 6.2% were individuals
with ALS.

ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0). www.joralres.com/2021

The performance of tongue strength in stroke
was the most studied. Of the 14 studies, 43% were
carried out in Korea, 29% in the United States, 21% in
Canadaand 7% in Brazil. All articles were also analyzed
using the PEDro Scale58 in order to obtain a better
methodological assessment. (Table 2)

Studies using the IOPI training research showed
large sample variability in number of subjects and
limited blinding process. Studies that used the IOPI
mostly as a tool to evaluated lingual strength showed
greater complexity in terms of randomization and
9
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inclusion of a control group, which is reflected in score
obtained by three studies in the PEDro scale.

In all studies, we found a total of 366 individuals
with neurological conditions evaluated or treated using
the 10OPI. Only four diseases out of the six surveyed
were identified in the reviewed studies. No studies
were found on AD and MS patients. The performance
of tongue strength in stroke was the most studied.
Maximum isometric pressure (MIP) is used as a
standard measure for tongue strength assessment.

DISCUSSION.

Tongue strength assessed against palate pressure
is identified as a key aspect in the oral swallowing
phase, as previously elucidated.** The authors of the
analyzed studies followed this premise and stated
a relationship of swallowing disorders with elderly
subjects, undermining their oral health.#?46 This
reasoning is pertinent, since a better tongue function
based on biomechanical lingual performance training
offers a new perspective for treating individuals with
dysphagia.4’48

This may be of fundamental importance when the
clinical condition is related to the age factor and thus
may potentiate the decrease in tongue strength and
increase the risk of dysphagia and oral disturbances.*?
Four studies in this systematic review.423%51:52 provided
information on tongue function measurements in
individuals with oral dysphagia. This information is
considered relevant because it comes from the four
investigations with larger samples of subjects in which
the IOPI was used as an evaluation tool.

The four studies were conducted in stroke patients
and were able to establish a significant association
between reduced tongue strength and the presence
of altered swallowing. Although therapies were not
performed with this device as a training tool, results
supported the benefit of strength and tongue resis
tance training in stroke dysphagic patients.#6:48.50.53

The option to standardize the assessment proce-
dures with the IOPI allows an adequate comparative
analysis of findings showing maximum isometric
pressure as the gold standard measure and tongue
position in the anterior palate as the optimal position
associated with swallowing requirements, even in
studies with samples from less than 20 subjects or

J Oral Res 2021; 10(4):1-14. D0i:10.17126/joralres.2021.055

case studies.*¢4852 The use of classical protocols®*
allows researchers in the analyzed studies to provide
information that can be reliably and homologously
interpreted using measurements such as maximum
isometric pressure, resistance and accuracy of lingual
movement. This is possible despite the already ob-
served heterogeneity of the studied neurological
groups and may help future designs of therapies that
include tongue strength training.4’

The level of evidence in this area of knowledge still
needs development. From the 14 reviewed studies
just 5 were randomized clinical trials as evidenced in
the PEDro Scale, and only 2 of them were on tongue
strength training. In the case of a study with PD
patients®® who measured the tongue pressure with the
IOPI, as in the stroke studies,*®475% it was established
that the tongue force was significantly associated with
the presence of muscle biomechanics alteration in
patients with concomitant dysphagia.

This study makes an additional, but not least,
contribution by noting that lingual performance does
not vary with the patient's medication status but does
influence overall oral health. The latteris established as
an important contribution to similar research with PD
patients, because it relativizes the influence factor of
medication on tongue strength tasks.>® Standardized
kPa measurements for tongue strength, such as MIP,
help to better understand research findings, especially
in those studies with small number of participant
and high clinical condition heterogeneity in their
samples.*+5% |n addition, execution variability, whether
in assessment and training programs, may interfere
with study results, and a fixed protocol of sessions
provides a better understanding of the effect of the
programs,®® as observed in four of the five studies
involving the IOPI therapy.434447.57

Despite the variability in the proposed tongue
strength training programs,43444¢ it was observed that
most participants in the reviewed studies received
training programs ranging from 6 to 8 weeks and the
sessions were held at 3 to 5 days a week, which meets
recent literature recommendations for tongue training
program.®’

Protocols for training using the |QP[43444757 reflect
much of what the first studies proposed by Robbins
in 2005, and because of their reliability most of them
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remain almost unchanged.>*

In terms of measurements, the maximum isometric
tongue pressure seems to have a diagnostic value for
oral dysphagia, which goes in the same direction as
that established in another study.” In addition, in the
analyzed studies, MIP’s were taken directly from the
IOPI digital readings in each of the three controlled
trials.475957 This procedure, as described in the 1OPI
manual, was tested and demonstrated strong intra-
and inter-rater reliability.>¢

Most of the evaluation and training of tongue
strength using the IOPI was conducted in sessions
supervised by the researcher, sonoevidence of double-
blind design was found. Only two of the five tongue
training studies were randomized,*7 so blinding was
important to prevent bias in treatment effects.*® In
most of the reviewed studies, allocation of subjects
undergoing training exercises was not randomized
either, which could have helped in a more reliable
interpretation of the results. In this sense, there are
recommendations for conducting research with more
homogeneous samples as possible and the use of
randomized controlled investigations to determine
treatment efficacy.®” In terms of tongue strength
assessment and training measures, MIP is established
as the gold standard for researchers involved in studies
aimed at assessing tongue strength and endurance
performance. This was observed in the study that
included six patients with acquired head injury with
chronic dysphagia. This group of subjects completed
24 tongue pressure resistance training sessions for a
total of 11 weeks - 12 weeks. Strength and accuracy
were key parameters where later improvements
were observed in post-treatment measures of tongue
pressure in conjunction with decreased laryngeal
penetration verified with fluoroscopic examination.*®

With regard to the results found in the present
study on tongue training in neurological patients, the
already available research reporting a relationship
between age and tongue strength in healthy
individuals clearly does not fully apply for individuals
with clinical conditions, but constitutes an important
referential base where the MIP decreases with
age#74835 |n addition, tongue strength has not being
well evaluated in terms of the effects on mixing ability
of masticatory functions.®?

J Oral Res 2021; 10(4):1-14. D0i:10.17126/joralres.2021.055

The results of tongue strength in terms of maximum
isometric pressures were consistent and showed
increasedtendenciesinlingualstrengthinallevaluations
performed with the IOPI. On the other hand, in
studies with the IOPI as a training tool, additional data
should be collected to better understand the positive
findings shown. This can be observed in two selected
therapy studies,***¢ which surveyed nine CVA and TBI
patients, which, besides being small samples, showed a
tendency to increase tongue strength throughout the
training program. It is noteworthy that the literature
states that performance in the development of tongue
strength may not be linear and identifying a trend may
be a challenge for researchers.5!

In the five studies found on training with the [OPI,
three were exclusively on stroke, one exclusively
on TBI and one with three different diseases. In the
latter, despite the variability of the subjects, the
authors observed progress patterns that may re-
flect the tendency obtained by using the training
program. Thus, it should be clear in these situations
the limitation that case studies can generate in terms
of generalizations and associations of techniques and
outcomes.?*4® Two studies conducted in Korea®®%7
have generated research that tends to establish a
relationship with swallowing process when the facial
or hypoglossal nerve is injured by a stroke, where
the muscles of the tongue, cheek and lips weaken,
causing problems in both the oral preparatory phase
and the oral phase. Although this review is focused
on the lingual muscle, the comprehensive view of the
potential use of measurements obtained with the IOPI
can be considered as a contribution to new research
lines and better integration of oral muscle pressure
measurements.4?

From the 14 studies reviewed, it was possible
to conclude that tongue strength can be reliably
assessed by the use of the IOPI. Studies in individuals
with neurological conditions are still scarce and even
more so when the IOPI is used as a training tool.
This situation determines that the study in the terms
that was accomplished, allowed only carrying out a
systematic review and not a meta-analysis. Only one
study*® had values, such as Cohen's effect size range,
that could aid a more robust analysis of articles that
met the review criteria.
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This reinforces the fact that studies with larger
and homogeneous populations should be carried out.
In terms of the amount of neurological conditions
studied, it is clear that there is still little reported
evidence from studies with other diseases than CVA
and TBI involving outcomes related to tongue strength
and the relationship with the biomechanics involved
in swallowing.“® This review supports the fact that
despite the limited evidence published since 2007,
there are positive effects on swallowing by using the
IOPI in tongue strength training, with CVA being the
most studied neurological condition.

Authors of reviewed articles conclude that providing
further extended evidence on other neurological
populations and a search for a better understanding
of the role of tongue strengthening programs on
biomechanics of deglutition should be the aim for future
research. This apply especially to Parkinson's disease
that is currently, the leading source of global disability,
and the fastest growing neurological degenerative
disorder in the world from all neurological disorders.5!
None of the studies included latino participants, and
this is remarkably important now that It has been
reported that for the period 1990-2016, Parkinson's
prevalence increased by 19.9% in Chile, placing it as
the Latin American country that registers the greatest
increase in prevalence of this pathology.é?

The most frequent use of the IOPI has been
mainly as an instrument to evaluate tongue strength
performance before and after any intervention. The
outcomes of the few studies found on interventions
establish a positive effect of using the IOPI on tongue
training.

CONCLUSION.

There is still limited amount of evidence on the
effects of using the IOPI as a research tool in subjects
with neurological conditions undermining their oral
health, being those with CVA the most studied.

The use of the IOPI has been mainly as a tool for
evaluation more than for tongue strength training in
this population. Studies with larger and homogeneous
samples and higher level of evidence are still needed
to increase knowledge on biomechanical performance
as tongue strength in other prevalent neurological
conditions such as Parkinson’s disease and ALS.

J Oral Res 2021; 10(4):1-14. D0i:10.17126/joralres.2021.055
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