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Abstract: Background: Understanding the stomatognathic system disturbances is key to diagnos-
ing them early and implementing rehabilitation approaches to promote functional recovery. The
objective of this study was to systematically review all published data that examined the assessment
and rehabilitation strategies for the stomatognathic system disturbances in patients with stroke.
Methods: Five databases (i.e., PubMed/MEDLINE, Scopus, Science Direct, Web of Science, and
PEDro), were screened for manuscripts that included the assessment and rehabilitation strategies for
stomatognathic system disturbances. The methodological quality was evaluated using the Mixed
Methods Appraisal Tool. Results: Sixteen articles were included in this systematic review. The
most frequently reported symptoms in patients with stroke included stiffness and thickness of the
masseter muscle on the affected side and suprahyoid muscles; facial muscles” asymmetry and weak-
ness; temporomandibular disorders; and a reduced maximum lip force, tongue pressure, and saliva
flow rate. The rehabilitation strategies more frequently reported included exercises directed to the
jaw, temporomandibular joint, tongue, and neck. The mean score for methodological quality was
85%. Conclusion: The stomatognathic system disturbances are frequently reported among patients
with stroke, leading to dysfunction in masticatory performance or swallowing. More studies on
interventions for stomatognathic system disturbances are required before conclusions may be drawn.
Key Practitioner Message: This systematic review has clinical implications for rehabilitation prac-
tices, given that the results may help to develop early assessment and rehabilitation strategies for
stomatognathic disturbances in patients with stroke.

Keywords: systematic review; stomatognathic system; assessment; rehabilitation

1. Introduction

Stroke is one of the leading causes of acquired disability worldwide [1], causing
frequent medical complications and long-term sequelae [2]. Depending on the size of
the lesions and the affected cerebral structures (i.e., cortical areas, central nervous system
pathways, or motor-neuron pools of the cranial nerves in the brain stem), post-stroke
sensorimotor deficits related to the stomatognathic system may be present [3,4]. The
stomatognathic system is a functional complex formed by structures located within the
oral and craniofacial cavities [5], including skeletal components, head and neck muscles,
ligaments, soft tissues, the temporomandibular joint, dental arcs, salivary glands, and
masticatory muscles [6,7].

Previous studies have reported changes in the stomatognathic functions in patients af-
ter a stroke including decreased bite force and quality of mastication, reduced lip force, and
asynchronous movements of the tongue [2,4]. These deficits may have a negative impact on
functions such as chewing efficiency, swallowing, facial expressivity, and phonation [8-10].
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Understanding the stomatognathic system disturbances is key to diagnosing them
early and implementing rehabilitation approaches to promote functional recovery [11].
Previous studies have shown different interventions involving the stomatognathic system'’s
structures and functions [12,13]. In addition, Shimmel et al. [14] reported that orofacial
symptoms seem not to improve without a specific rehabilitation approach. However, no
previous review has addressed the clinical characteristics and rehabilitation strategies for
stomatognathic system disturbances after a stroke. Thus, this systematic review aims to
evaluate the disturbances of the stomatognathic system, and the rehabilitation strategies
developed in patients with stroke.

2. Methods
2.1. Registration and Protocol

This systematic review was reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA-P) guidelines [15]. It was previously
registered in the International Prospective Register of Systematic Reviews (PROSPERO),
registry number CRD42020221806.

The following databases were searched from database inception until March 2022:
PubMed/MEDLINE, Scopus, Science Direct, Web of Science, and PEDro. The search
strategy used was as follows: ((Stomatognathic System OR stomatognathic OR temporo-
mandibular joint OR cheek OR facial muscles OR jaw OR masticatory muscles OR mouth
OR pharynx) AND (assessment OR outcome OR evaluation OR stomatognathic system
abnormalities OR temporomandibular joint disorder OR temporomandibular joint dysfunc-
tion OR malocclusion OR mastication OR jaw abnormalities OR mouth abnormalities OR
facial paralysis OR tooth abnormalities) AND (stroke or cerebrovascular accident or cere-
brovascular disease OR brain vascular accidents OR cerebral strokes OR brain ischemia OR
cerebral ischemia OR hemiplegia OR hemiparesis OR hemorrhagic stroke OR intracerebral
hematoma OR intracerebral hemorrhage OR lacunar stroke)).

2.2. Search Strategy

The studies were included according to the following eligibility criteria. The inclusion
criteria were people with stroke over 18 years of age, studies reporting outcomes for stom-
atognathic system assessment, and/or rehabilitation strategies for stomatognathic system
disturbances. The structures of the stomatognathic system include temporomandibular
joints, jaw and mandible, muscle tissues and tendons, dental arches, salivary glands, as well
as the hyoid bone and the muscles that connect the latter to the scapula and the sternum
and the muscles of the neck [16].

The exclusion criteria were participants with any neurological disease other than
stroke; articles not published in English, French, or Spanish; and no full-text access. Editori-
als, discussion papers, conference abstracts, reviews, and abstracts were also excluded.

2.3. Selection Strategy

All the citations were imported into Mendeley, and duplicate records were removed
before the screening. Two independent reviewers assessed all results after the removal
of duplicates, using the information provided in the title and abstract. Then, full texts
were reviewed, and the data extraction was completed by two authors. A third author was
available to resolve any discrepancies.

2.4. Study Quality Assessment

The methodological quality was evaluated by the Mixed Methods Appraisal Tool
(MMAT) version 2018: a critical appraisal tool designed for the appraisal stage of systematic
mixed studies reviews [17]. The MMAT assesses the quality of different study designs, i.e.,
qualitative, quantitative, and mixed methods studies.

This tool includes criteria for appraising the methodological quality of five categories
of studies: (a) qualitative studies, (b) randomized controlled trials, (c) non-randomized
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studies, (d) quantitative descriptive studies, and (e) mixed methods studies. For each study
category, the tool includes two screening questions and five questions targeted to evaluate
the specific characteristics of each category.

Each criterion is rated on a categorical scale: yes, no, and cannot tell. A quantitative
score was calculated using the following formula [17]: [(number of “yes” responses scored
as 1 divided by the number of criteria) x 100]. The methodological quality assessment was
carried out by two reviewers and any discrepancies were resolved by contacting a third
author.

Additionally, the risk of bias for the randomized controlled trials included was also
assessed with version 2 of the Cochrane risk-of-bias tool (RoB-2) [18]: This tool consists
of five domains that focus on the randomization process, deviations from the intended
interventions, missing outcome data, measurement of the outcome, and the selection of the
reported result. The studies were interpreted as having a high, low, or unclear risk of bias.

3. Results

A total of 1034 studies were identified in the search strategy, of which 16 were included
in the systematic review [3,4,7,12,13,19-29] (Figure 1).

'
Records identified from:
c PubMed (n=73)
8 Web of Science (n = 368) Recordrs rgmoved before
© _ screening:
o Scopus (n = 543) - ;
= ) . _ > Duplicate records removed
b Science Direct (n = 26) (n = 54)
E PeDro (n =23)
b= Other Sources (n = 1)
Total (n =1034)
N/
A4
—
Records screened > Records excluded based on tittle
(n =980) and abstract (n = 904)
Not patients with stroke (n =
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v Not the topic (n = 596)
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Reports sought for retrieval Other languages (n = 1)
2 (n=0)
=
@
o
8 \d
Reports assessed for eligibility | Fulltextarticles excluded with reasons
(n=76) (n=60):
No assessments stomathognatic
system (n = 34)
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Not patients with stroke (n = 4)
— Not the topic (n = 3)
A4 Case reports (n = 6)
— Review (n =1)
3 Studies included in review
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Figure 1. Flow chart.

The first author, inclusion and exclusion criteria, total sample, mean age, gender, time
since stroke, and setting are included in Table 1.

Table 2 summarizes the design, objective, the structures of the stomatognathic system
assessed, outcomes related to the stomatognathic system, characteristics of the rehabilitation
strategies and frequency and intervention duration, and the main results regarding the
stomatognathic system disturbances and rehabilitation strategies obtained in the included
studies.
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Table 1. Characteristics of the studies included in the systematic review.

First Author. Y Sample Mean Age Gender Time Since Stroke
lrsR ;lr ‘1)11" ear, Inclusion Criteria Exclusion Criteria (Total Sample, (Per Group) + SD (% Women Per (Mean + SD; Setting
eterence Number of Groups) (Total and Per Group) Group) Mean, Range)
o Department of
Stroke o ) ;Otjcl)ﬁn; 20 EG: 50 Rehabilitation Medicine,
kim, 2005 [19] Dysphagia Cognitive impairment e o > 0 64.6 y (50, 82) e 50 9.8w (2,24 w) Clinical Research Institute,
CG (n B 10) ’ National University
- Hospital, Seoul, Korea
Dental and oral diseases, Total: 1 = 60 Kirishima Rehabilitati
Ability to chew using the such as gingivitis, aphthae, 2 groups: EG=614+23y EG: 53.33 iristuma Rehabi'itation
Kawasaka, 2010 [21] molar teeth or inflammation of the EG (n = 30) CG=634+31y CG: 63.33 8.3+ 2.1mo Cer.lter qf Kagoshlma,
salivary glands CG (1 = 30) University Hospital, Japan
Ischaemic or haemorrhagic
stroke No ability to understand Division of
Hemi-syndrome with information Total: n =55 Neuro-rehabilitation at the
Schimmel, 2010 [3] facial palsy Methicillin-resistant 2 groups: EG=69.0+ 127y EG: 41.9 423+ 144d Department for Clinical
chimmel, No dysphagia staphylococcus aureus EG (n=31) CG=688+108y CG: 45.8 (18, 85) Neurosciences of the
Ability to give informed infection CG(n=24) University Hospitals of
consent and follow Geneva
instructions
Ischaemic or haemorrhagic o
Stroke No ability to understand Divisionof
Hemi-facial and/or limb the patient information EOtal: n=>55 EG  69.0 4 127 G419 I]SIeurot—rehai);htaglc.m. atlthe
Schimmel, 2011a [20] palsy Methicillin-resistant Broups: o oY e 423+ 144d epartment for & amica
Ability to follow simple staphylococcus aureus EG (n =31) CG=688+108y CG: 458 Negrosqences of the
instructions and perform infection CG(n=24) University Hospitals of
the tests Geneva
Ischaemic or haemorrhagic Division of
stroke 4 N Total: n =55 Neurorehabilitation of the
. Hemi-syndrome wit ious di 2 groups: EG =69.0 +12.7 EG: 419 Department of Clinical
Schimmel, 2011b [22] facial palsy Infectious disease Ee (1 2 31) CG =688+ 10.8})77 CG: 45.8 423 +144d Newroseiences of the
Ability to follow CG (n=24) University Hospitals of
instructions

Geneva, Switzerland
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Table 1. Cont.

First Author. Y Sample Mean Age Gender Time Since Stroke
lrsRe;lere‘t)lrée eat, Inclusion Criteria Exclusion Criteria (Total Sample, (Per Group) + SD (% Women Per (Mean £ SD; Setting
Number of Groups) (Total and Per Group) Group) Mean, Range)
Hemi-paresis on the face Division of
Ability tofunderstand t;e Total: n =49 Neurorehabilitation of the
. patient information and to NR 2 groups: EG=687+ 129y EG: 44.45 Department of Clinical
Schimmel, 2011c [23] perform various clinical EG (n=27) CG=69.0+112y CG:45.45 $38+142d Neurosciences of the
tests CG(n=22) University Hospitals of
Free of infectious disease Geneva, Switzerland
Stroke, hemi-syndrome Division of o
with facial palsy "2l"otal: n=20 G i1t 174 G 40 l]j\)leurorehabﬂl;aéll.on. oflthe
. ici : ‘n =64 . : tment of Clinica
Schimmel, 2013 [24] Consent to participate and NR groups n y 6 mo epartm
capability to perform EG (n=10) CG:n=644+186y CG: 40 Nelllrosc.lences of. the
various clinical tests CG (n=10) University Hospitals of
Geneva, Switzerland
Stroke >6 mo
Decreased TMJ function > Orthopaedic or Total: n =14 o
Oh, 2013 [13] 0.13 points on the CMI musculoskeletal conditions 2 groups: EG=5371+1246y EG: 28.57 EG: 43.00 £ 27.90 mo Wonk.wang Umvgrsuy
CMI and mouth opening and cognitive impairment EG(n=7) CG=56.14+1231y CG: 28.57 CG:13.57 £16.53 mo  Hospital, Republic of Korea
<4.0 cm CGCn=7)
Recent stroke i th . Severe dysphagia with no
swallowing difficulties . .
T functional opening of the Total: n1 = 14
ongue-palate pressure haeeal : o
Steele, 2016 [25] measure <40 kPa upper esophagea 2 groups: TPPT: 74.85 Male: 64.3 70 d (range Three stroke rehabilitation
)/ 9 Stage transition duration ;};il_lél)fitsetli’n dvephasia or TPPT (n=7) TPSAT: 67.14 Female: 35.7 18-150) centers in Ontario, Canada
of 350 ms on liquid barium § ysphag TPSAT (n=7)
: . head and neck cancer
swallow during the intake
Acute pain in the oro-facial Division of
Stroke patients who were sphere or an additional Total: 1 = 54 Neurorehabilitation of the
) able to undergo neuro-muscular disease 2 groups: EG =643+ 14.1 EG: 70.37 Department of
Schimmel, 2017 [26] psychophysical testing Patients with tube feed or ECg3 (n :p 27 CG=608 + 14.3}}77 CG: 62.96 FG:31.00 4 54.00 d Cligical Neurosciences of
House-Brackmann > 2 acute risk of aspiration CG (n=27) the University Hospitals of

because of dysphagia

Geneva, Switzerland
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Table 1. Cont.

First Author. Year Sample Mean Age Gender Time Since Stroke
Re ferenée ! Inclusion Criteria Exclusion Criteria (Total Sample, (Per Group) + SD (% Women Per (Mean £ SD; Setting
Number of Groups) (Total and Per Group) Group) Mean, Range)
Systemic or congenital .
disease Total: n = 100 Bolu Izzet Baysal P}}}{slc.al
Subacute and chronic Cooperation problems 2 groups: EG=6216+ 1141y Therapy and Rehabilitation
Dursun, 2018 [7] stroke Jaw fracture, postfacial EG (1 = 50) CG=597+£9.62y NR NR Educz?tlon and Resear“ch
paralysis, and CG (1 = 50) Hqspltal. Bolu and Diizce
orthognathic surgery cities.
Refusal to participate in Physical therapy and
Al R MMSE > 19 the study, muscle -1 rehabilitation center from
tvater Ramos, More than 3 mo since hypotonia, and edentulous "= 55-70 y NR >3 mo Universidade Estadual do
2019 [27] stroke patients without the use of 1 8Toup Norte do Parana (UENP),
dental prosthesis Jacarezinho, Parana
Malignancy, head and neck
surgery, Previous .stroke, Physical Medicine and
Ischemic stroke within Siii'figﬁfg?kiﬁfii; gotal: n=102 s £ 013 o ie};abﬂi;ﬁ}gn gg;igf '
20-60 d and swallowin, : ¢ groups: = 0o. Aoy PR _ nikara Diskapi Yildirim
Umay, 2019 [12] disorders & and hemorrhagic and/or  EG (n = 51) CG=6541+847y  CG:353 20-60d Beyazit Education and
bilateral stroke CG(n=51) Research Hospital, Ankara
Contraindication for Turkey
electrical stimulation
Patients over 75 y
Progressive neurological Physical Medicine and
Age 60-75, .ischemic or disease. ) n=30 Rehabilitation Clinic and
Yilzman, 2020 [4] hemorrhagic stroke and Orofacial congenital 1o 68.73 + 479y 26.7 8.00 + 2.22 mo Rehabilitation Center
TMJD malformation group

Previous neck and head
surgery

Hospital, Kastamonu,
Turkey
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Table 1. Cont.
First Author. Year Sample Mean Age Gender Time Since Stroke
Re ferenée ! Inclusion Criteria Exclusion Criteria (Total Sample, (Per Group) + SD (% Women Per (Mean £ SD; Setting
Number of Groups) (Total and Per Group) Group) Mean, Range)
Secondary stroke,
Dvsphaia brainstem stroke, and
A%),illig t t%) follow other neurologic diseases
instru}c,tions Pain in the disc, cervical
Ability to swallow spine and jaw, limita.tioln s Total: n=21 JOE group:
. Liauid aspiration or n jaw Opening, cervica 2 groups: n=6347+7.65y Two hospitals in South
Choi, 2020 [28] pe%etrati (I)’n spine orthosis, cervical JOE group (1 = 11) HLE group: 57.14 1to5m Korea
Nasogastric tube spine surgery HLE group (n = 10) n=61.244+973y
Ability to use arm M]}jlelopz;thy, %a{strostonfly
tube, and problems wit
MMSE >22 esophageal phase in
dysphagia
Age <18 or>60y
Systemic disease or
cognitive disorder
Ischemic stroke > 12 mo Periodontal treatment,
Activities of daily living absence of teeth, use .Of L h di
; dentures or prosthesis n=20 uoyang Orthopaedic
Song, 2021 [29] score (ADL) > 60 and limb Acute oral infections 47.65+9.16y 50 <ly Hospital of Henan Province,
function on affected side 1 group

(>Brunnstrom IV)

Pregnancy or
breastfeeding

Smoking and alcohol or
drugs affecting muscle
tone consumption

China

d: days; CG: control group; CMI: craniomandibular index; EG: experimental group; HLE: head lift exercise; JOE: jaw opening exercise; MMSE: mini-mental state examination; mo: months;
TM]D: temporomandibular joint dysfunction; TPPT: tongue-pressure profile training; TPSAT: tongue-pressure strength and accuracy training.
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Table 2. Study details on assessment and rehabilitation interventions for stomatognathic system disturbances in patients with stroke.

First Author, Year,
Reference

Design

Intervention/Control

Frequency

(Min Per Sesion/Sessions

Per w)/Intervention
Duration (w)

Structures of the
Stomatognathic System
Assessed

Outcome Measures (Device,
Tool)

Main Results

kim, 2005 [19]

Non-randomized

Saliva, masticatory

Spitting and weight measure of
salivary flow for 30 min.

Saliva flow rate was significantly
lower in stroke patients.

study performance Total chew duration oral phase  Stroke patients chewed for a longer
from the time of the test food. time.
i Salivary secretion was reduced in
Kawasaka, 2010 Non-randomized MOdlf%ed cotton swab method cerebral stroke patients. Lower oclusal
Teeth for salivary secretion. . . . .
[21] study force in hemi-plegic side with normal

Oclusal force.

denture.

Schimmel, 2010 [3]

Quantitative
descriptive study

Masseter muscle

Masseter thickness.

In EG, the masseter muscle in the
affected side was thinner than the
non-affected side.

Two color mixing test.

Significant difference in chewing
efficiency between EG and CG.

Schimmel, 2011a Non-randomized Masti . . . Maximum lip force was significantly
asticatory efficiency, lip Lip force. .
[20] study OHIP lower in CG.
’ OHRQoL was significantly reduced in
stroke patients.
Masticatory efficiency and maximum
Two color-gum mixing-test. lip force were significantly reduced in
Schimmel, 2011b Non-randomized Teeth. lins Maximum voluntary bit force. EG.
[22] study - 1P Lip force. Maximum bite force was not
Lip seal. significantly different between both
sides and between EG and EC.
Lower facial muscles were more
Schimmel, 2011c Non-randomized Facial mu.scles (fron?alis, . Qu.antitative assess.ment of affected than the upper ones, showing
23] study lower facial and orbicularis  facial muscle function. muscular weakness in the EG and

oris muscles)

House-Brackmann scale.

reduced tonus of the affected
orbicularis muscle.
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Table 2. Cont.

First Author, Year,
Reference

Design

Intervention/Control

Frequency
(Min Per Sesion/Sessions
Per w)/Intervention
Duration (w)

Structures of the
Stomatognathic System
Assessed

Outcome Measures (Device,
Tool)

Main Results

Schimmel, 2013 [24]

Non-randomized
study

Teeth, lips, masseter muscle

DMFT.
Color-mixing ability test.

Maximum restraining lip force.
Maximum voluntary bite force.

Masseter muscle thickness.

Chewing efficiency: significatly less
efficient in stroke patients.

Maximum restraining lip force:
significantly lower in stroke patients.
Maximum voluntary bite force:
difference in the cortical control of the
jaw closing muscles and those of the
upper limb.

Masseter muscle thickness: significant
difference between contra- and
ipsilesional sides, but not between
stroke and control groups.

EG and CG: functional
training in their routine
rehabilitation

Range of mouth opening.

Significant changes on the opening,
CMI, and MASA scores between the

Randomized . . Neck mobility. EG and CG.

Oh, 2013 [13] controlled trial fl? Igll;gzgt :;C;f;?;:gallé:it‘};;c 60/3/4 Neck muscles, TM] CML Neck mobility: EG showed significant
ROgM exercises for ’the neck MASA. differences between pre- and post-test
and T™J values in all measures.

TPSAT: strength targets and A significant treatment effect
Steele, 2016 [25] A randomized trial ~ accuracy targets -/2-3/8-12 Tongue Tongue strength: VFFS. was found in both outcomes. No

TPPT: real saliva swallows

significant differences between both
treatments.

Schimmel, 2017 [26]

Non-randomized
study

Lips, tongue, cheeks

Maximum voluntary bite force.
Maximum restraining lip force.

TDT and 2PD.
Color-mixing ability test.

Bite and lip force: no significant
difference between both groups.
Lower lip force in the stroke group.
TDT and 2PD were significantly
higher on the affected side in stroke
patients.

Significantly lower chewing efficiency
in stroke patients.
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Table 2. Cont.

First Author, Year,
Reference

Design

Frequency
(Min Per Sesion/Sessions
Per w)/Intervention
Duration (w)

Intervention/Control

Structures of the
Stomatognathic System
Assessed

Outcome Measures (Device,
Tool)

Main Results

Dursun, 2018 [7]

Non-randomized
study

TM]J, masticatory muscles

TMJ ROM.

Fonseca questionnaire.
Facial asymmetry.

PPT of masticatory muscles.

TM] ROM loss, facial asymmetry, and
TMJD were more prevalent in stroke
patients.

PPT: middle part of the left temporalis
muscle was more sensitive to pressure
pain in stroke.

Altvater Ramos,
2019 [27]

Quantitative
descriptive study

TM]J, temporal,
sternocleidomastoid,
masseter, and upper
trapezius

Mandibular movement.
TMyJ, facial, and neck muscle
PPT

ROM cervical region.

81.8% of the patients presented signs
and symptoms related to TMD and
most of them had a diagnosis of
reduced disc displacement.
Significant difference in the TMJ and
masseter muscle PPT.

Cervical ROM: decreased amplitude.

A prospective

Intermittent galvanic
stimulation to masseter
muscles and cognitive,

Tongue, masseter, and

Sweep speed and sensitivity of
the tongue, masseter, and

Tongue, masseter, and orbicularis
muscles: lower muscle action potential
amplitudes.

EG presented longer swallowing

Umay, 2019 [12] randomized sensorimotor and 60-90/5/4 : . orbicularis muscles. .
. Tepas orbicularis muscles . .. intervals compared to the healthy
controlled study respiratory rehabilitation + Electrical activity of submental
. control group.
Standard dysphagia muscles. Sionifi . .
e ignificant improvement in muscle
rehabilitation . .
dynamic activity.

Active and active assisted

Quantitative ?ﬁlj\dcﬁirifcei fki):egfﬁil;and CMI All parameters were significantly
Yilzman, 2020 [4] non-randomized ! . ’ 5 5/10/4 TM]J and neck muscles ", - improved both in 1st and 6th month

and relaxing, and postural Cervical mobility. .
study . evaluation.

exercises + stroke

rehabilitation program

JOE group: JOE exercises
Open-label, using a resistance bar + . . . Both groups showed a statistically

o, . . . . Digastric and mylohyoid - . . .
parallel-group, traditional dysphagia Digastric and mylohyoid . significant increase in the thickness of
. . muscle thickness. . . .
Choi, 2020 [28] comparative treatment 30/5/6 muscles . . the digastric and mylohyoid muscles
. . . Kinematic movement of the . .

study randomized HLE group: HLE exercises + Hyoid bone hvoid bone and on the anterior and superior
trial traditional dysphagia Y ’ movement of the hyoid bone.

treatment
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Table 2. Cont.

First Author, Year,

Design Intervention/Control
Reference

Frequency
(Min Per Sesion/Sessions
Per w)/Intervention
Duration (w)

Structures of the
Stomatognathic System
Assessed

Outcome Measures (Device,
Tool)

Main Results

Non-randomized

Song, 2021 [29] study

Masseter muscle,
masticatory performance

Masseter muscle stiffness and
hardness.
Masticatory performance.

Masseter muscle hardness and
masticatory performance were
significantly greater on the unaffected
side.

A statistically negative moderate
correlation between the masseter
muscle stiffness of the affected side
and the masticatory performance was
found.

2PD: two points discrimination threshold; CG: control group; CMI: craniomandibular index; DMFT: decayed, missing, filled teeth; EG: experimental group; HLE: head lift exercises;
JOE: jaw opening exercises; MASA: measurements assessment for swallowing ability; OHIP: Oral Health Impact Profile-EDENT; OHRQoL.: oral health-related quality of life; PPT: pressure
pain threshold; ROM: range of motion; TDT: tactile detection threshold; TMD: temporomandibular disorders; TPPT: tongue-pressure profile training; TPSAT: tongue-pressure strength
and accuracy training; VFFS: videofluoroscopy.
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3.1. Structural Changes in the Stomatognathic System in Patients with Stroke

The stomatognathic system structures assessed included the tongue, orbicularis mus-
cles, jaw, masticatory muscles, lips, cheeks, teeth, suprahyoid muscles, hyoid bone, tem-
poromandibular joint, and muscles of the neck [3,4,7,12,13,19-29].

Several studies demonstrated post-stroke dysfunction in facial muscles [7,12,23,29].
Schimmel et al. found higher facial asymmetry in the lower face in stroke patients with
reduced muscle tonus and weakness in orbicularis, zygomaticus major, and risorius mus-
cles [23]. Umay et al. observed significantly lower muscle action potentials in amplitudes
of orbicularis and masseter muscles [12]. Song et al. showed that the masseter muscle
hardness on the unaffected side was significantly greater than on the affected side [29].
The masseter thickness was evaluated by other authors with similar results showing that
the masseter muscle on the affected side was thinner than on the non-affected side [3,24].
In addition, a lower pressure pain threshold in the masseter muscle was evidenced by
Altvater Ramos et al. [27] and Dursun et al. [7], who observed a sensorimotor loss in
facial muscles in patients with stroke. In addition, mylohyoid and digastric muscles were
evaluated by Choi et al. [28], who observed a decrease in the thickness of these muscles.

The temporomandibular disorders (TMD) were frequently reported among post-stroke
patients in the studies included. They reported that patients with stroke had more of a
tendency to develop temporomandibular joint disorders [7,13,27]. The studies conducted
by Altvater Ramos, Dursun, and Oh et al. showed limitations in the range of motion of the
temporomandibular joint, reduced disk displacement, and a decreased craniomandibular
index [7,13,27]. Specifically, the study conducted by Dursun et al. showed that stroke
patients presented higher scores on the Fonseca Questionnaire [7].

Dysfunctions in the temporomandibular joint have shown to be frequently related to
limitations on cervical mobility and postural abnormality [22,27]. Two studies in this review
evaluated cervical mobility, showing that patients with stroke have poor posture with head
and neck alignment dysfunction [22,27]. Moreover, Altvater Ramos et al. assessed the
neck range of motion using a fleximeter evaluation and showed that all the patients had a
decreased amplitude of the cervical spine movements [27].

3.2. Stomatognathic System Dysfunctions in Patients with Stroke

The most reported affected functions in patients with stroke in the studies included in
this systematic review were masticatory performance [19,24,26,29], and swallowing [12,13,
25,26,28].

Four studies demonstrated a decrease in masticatory performance [19,24,26,29].
Song et al. [29] found that the masticatory performance of the masseter muscle was signif-
icantly greater on the unaffected side than on the affected side. Furthermore, a negative
correlation was found between masseter muscle stiffness and masticatory performance [29].
Schimmel et al. [26] showed lower chewing efficiency in stroke patients and exhibited a
possible relationship between oral sensitivity and masticatory performance. In addition,
two studies showed that masticatory efficiency was severely affected after a stroke [19,24].

Three of the studies included examined the bite function in patients with stroke [21,22,24].
One study reported that the maximum bite force between both sides was not significantly
different in both groups [19]. However, Kawasaka et al. showed lower bite force be-
tween the hemi-plegic side in stroke patients and the mean of bilateral sides in the control
group [21]. In addition, Schimmel et al. [24] observed that the maximum bite force was
not significantly different between both sides and between the experimental and control
groups.

The swallowing function is characterized by a complex and coordinated activation
of many of the stomatognathic system structures. The swallowing capacity, ability, and
bolus transition were evaluated in different studies [13,20,25]. Umay et al. reported longer
swallowing intervals in the patients with stroke compared to the healthy control group [12].
Furthermore, salivary secretion was assessed in two studies showing a lower flow rate in
patients with stroke [19,21].
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3.3. Rehabilitation Strategies for Stomatognathic System Disturbances

Five of the selected studies in this review reported an intervention focused on stom-
atognathic system disturbances [4,12,13,25,28]. Most of the studies included exercises (e.g.,
mobility, resistance training, breathing, and postural exercises) including the jaw, temporo-
mandibular joint, tongue, and neck [4,13,25,28]. One study used a non-invasive electrical
stimulation to the masseter muscle added to standard rehabilitation [12]. The protocol
used, training duration, frequency of training, and study period were heterogeneous.

Two of the studies [4,13] included measures about temporomandibular joint mobility
and the craniomandibular index. Groups that underwent mobility exercises in combination
with breathing and posture or stomatognathic alignment exercises showed a significant
improvement after the intervention. The study of Oh et al. also improved swallowing
function [13].

Choi et al. [28] compared two interventions added to the traditional dysphagia treat-
ment, one focused on jaw opening exercises and the other on head lift exercises. Both
interventions exhibited similar results, with a statistically significant increase in the thick-
ness of the digastric and mylohyoid muscles, and anterior and superior movement of the
hyoid bone [28]. The study of Steele et al. focused on tongue training comparing two
training protocols, tongue-pressure strength and accuracy training, and tongue-pressure
profile training including real swallows rather than pressure generation tasks in isolation.
The study suggested that there was a significant treatment effect on tongue strength and
swallowing with similar effects in both groups [25].

Only the study of Umay et al. [12] used intermittent galvanic stimulation to the
masseter muscle added to standard dysphagia and swallowing rehabilitation, obtaining a
significant improvement in muscle dynamic activity and significant recovery in swallowing.

3.4. Methodological Quality

The methodological quality is included in Table 3. The 16 included studies were
categorized as quantitative research, 4 (25%) were randomized controlled trials, 11 (68,
75) were non-randomized studies, and 1 (6, 25%) was descriptive research. Overall, the
methodological quality of the 16 studies was 85%, and varied from 40% (n = 1) to 100%
n=9).

The risk of bias in the randomized controlled trials included was assessed with the
Cochrane RoB-2 tool and is included in Figure 2. It showed a high risk for all the studies
included. The most frequent domain showing a high risk of bias was the deviations from
the intended interventions. All the studies presented a low risk of bias in the missing
outcome data, measurement of the outcome, and selection of the reported result domains.

First author, year D1 D2 D3 D4 D5  Overall

Oh, 2013 ! . + + + . +  Low risk

Steele, 2016 + . + + + ’ ! Some concerns

Umay, 2019 . + + + + . ‘ High risk

Choi, 2020 ! . + + + . D1 Randomization process

D2 Deviations from the intended interventions
D3 Missing outcome data
D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2. Risk of bias [12,13,25,28].
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Table 3. Methodological quality.
Quantitative randomized 2.1. Randomization 2.2. Groups comparable at  2.3. Complete outcome 24 Ogtcome assessors 2.5. Participants adhere to o
. . . blinded to the . . . % Total
controlled trials appropriately performed? baseline? data? . . . the assigned intervention?
intervention provided?

Oh, 2013 [13] Yes No Yes Yes No 60%
Steele, 2016 [25] Yes Yes No Yes Yes 80%
Umay, 2019 [12] No Yes Yes Yes Yes 80%

Choi, 2020 [28] Yes Yes No No No 40%
- 3.1. Participants 3.2. Measurements 3.4. Confounders 3.5. Intervention
Quantitative . appropriate regarding both ~ 3.3. Complete outcome . . . o
. representative of the accounted for in the administered (or exposure % Total
non-randomized . the outcome and data? . . .
target population? . . design and analysis? occurred) as intended?
intervention (or exposure)?
kim, 2005 [19] Yes Yes Yes Yes Yes 100%
Kawasaka, 2010 [21] Yes Yes Yes Yes Yes 100%
Schimmel, 2010 [3] Yes Yes Yes Yes Yes 100%
Schimmel, 2011a [20] Yes Yes Yes Yes Yes 100%
Schimmel, 2011b [22] Yes Yes No Yes Yes 80%
Schimmel, 2011c¢ [23] Yes Yes Yes Yes Yes 100%
Schimmel, 2013 [24] Yes Yes No Yes Yes 80%
Schimmel, 2017 [26] Yes Yes Yes Yes Yes 100%
Dursun, 2018 [7] Yes Yes Yes Yes Yes 100%
Yilzman, 2020 [4] Yes Yes Yes Yes Yes 100%
Song, 2021 [29] Yes Yes Yes No Yes 80%
o . 4.1. Sampling strategy 4.2. Sample representative 4.3. Measurements 4.4. Risk of 4.5. Sta.tlstlcal analysis o
Quantitative descriptive relevant to address the . . . appropriate to answer the % Total
. of the target population? appropriate? non-response bias low? .
research question? research question?

Altvater Ramos, 2019 [27] No No Yes Yes Yes 60%
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4. Discussions

This systematic review aimed to provide detailed information on the clinical charac-
teristics and rehabilitation strategies for stomatognathic system disturbances in patients
with stroke. The results show that patients with stroke frequently show increased stiffness
and thickness of the masseter muscle on the affected side and suprahyoid muscles. Facial
muscles also show increased asymmetry, especially lower facial muscles, where weakness
may be increased, and muscle action potential amplitudes reduced. Other changes such as
sensitivity to pressure pain, tactile detection, or two-point discrimination may be reduced.
In addition, a high number of patients with stroke have TMD and a reduced maximum lip
force, tongue pressure, and saliva flow rate. These structural changes are linked to reduced
masticatory performance, chewing efficiency, and an increased duration of the oral phase of
swallowing. Regarding the rehabilitation strategies for stomatognathic disturbances, there
is limited evidence. Most of the studies incorporated exercises (e.g., mobility, resistance
training, breathing, and postural exercises) including the jaw, temporomandibular joint,
tongue, and neck.

In this review, various studies showed that masticatory performance and chewing
can be affected after a stroke [21,22,24,29]. Chewing dysfunction is common in most hospi-
talized patients with stroke [30,31]. The study of Song Yu et al. showed that masticatory
efficiency can be affected one year after stroke [29]. In addition, Schimmel et al. also
observed lower chewing efficiency two years after a stroke [24].

The temporomandibular joint allows chewing, swallowing, and speaking [32]. Stroke
patients may have temporomandibular joint disorders with a dislocation of the temporo-
mandibular joint because of limited jaw movement and pain [33,34]. In this review, some
studies [4,7,13,26] reported that dysfunction of the temporomandibular joint is associated
with mouth opening limitation and asymmetrical mandibular movements. Although the
literature that explores the impact of TMD on phonation in patients with stroke is limited,
it has been previously shown that these disorders are related to a reduction in mandibular
opening and retrusion movements during speech [35]. Oh and Yilmaz et al. proposed a re-
habilitation program focused on the temporomandibular joint including mobility exercises
in combination with breathing and posture or stomatognathic alignment exercises showing
significant improvement after the intervention [4,13]. According to Shaffer et al. [36], clin-
icians should design rehabilitation programs that address both symptom reduction and
oral function considering patient-specific impairments. Durham et al. [37] indicated that
persistent TMD can be associated with other chronic pain conditions including migraine or
widespread pain. In this sense, early management with education and counseling is highly
effective.

According to different studies [21,22,24], lower bite force can affect the eating process
in patients with stroke. Kawasaka et al. demonstrated that the most affected side showed
reduced values, but there were no significant differences from the mean of bilateral sides
of the participants in the control group [21]. However, Schimmel et al. [22,24] observed
that the maximum bite force was reduced in the group of patients with stroke without
differences between both sides. In this sense, Miles and Nordstrom showed that both
cortical hemispheres are involved in masticatory control and the muscles on both sides
are usually used together [38]. Additionally, the weakness of facial muscles can influence
masticatory performance [39,40]. Moreover, a previous study reported that a lower bite
force in patients with stroke could be related to a change in diet or disuse due to muscular
atrophy [41].

In this systematic review, eight studies showed impairments in facial muscles [3,7,12,
23,24,27-29]. Muscles of facial expression assist in speech articulation, emotions, expres-
sions, and bolus preparation [42]. Moreover, the facial muscles are key for social interaction,
including speech and non-verbal communication [43]. Different structures of the nervous
system are involved in the control of facial expressions, such as the primary motor cortex,
the ventral lateral premotor cortex, and the supplementary motor for voluntary control,
and the cingulate cortical areas are important for emotional expression [44]. Orbicularis,
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masseter, zygomaticus, risorius, and temporalis muscles were evaluated and showed lower
amplitudes, reduced tonus, asymmetry, and thickness [3,7,12,23,24,27-29]. In this line,
a previous systematic review found evidence of the loss of facial muscle mass after a
stroke [45]. Limited evidence was found for rehabilitation strategies on facial muscles.
A recent systematic review described that among these interventions the use of an oral
screen, neuromuscular electrical stimulation, mirror therapy, or exercises are included [46].
In this review, the study conducted by Umay et al. [12] showed promising results in the
use of intermittent galvanic stimulation to the masseter muscle added to standard dyspha-
gia rehabilitation, obtaining a significant improvement in muscle dynamic activity and
significant recovery in swallowing. A previous study assessed the effects of sensory-level
electrical stimulation treatment combined with conventional dysphagia rehabilitation in the
pediatric population with cerebral palsy, showing that sensory-level electrical stimulation
might be a useful and safe therapeutic modality to improve oropharyngeal symptom:s,
symptom severity, and dysphagia [47].

Choi et al. demonstrated lower thickness in digastric and mylohyoid muscles [28],
which may affect the kinematics of the hyoid bone [4]. Although there is limited research
involving rehabilitation strategies, Choi et al. [28] compared two interventions: one focused
on jaw opening exercises, and the other one on head lift exercises. Both achieve a significant
increase in the thickness of the digastric and mylohyoid muscles and anterior and superior
movement of the hyoid bone.

Cortical lesions that affect precentral gyrus may produce impairments of the motor
and sensory functions of the face, lips, and tongue [14]. A reduced tongue pressure and
lip force can influence the masticatory performance [48,49]. The tongue is involved in
functions such as the oral preparatory stage, oral propulsive stage, and food processing [48].
Reduced tongue pressure deteriorates the ability to control swallowing [49]. Daniels et al.
showed that subcortical lesions disconnect cortical regions from oral control and coordi-
nation in swallowing, thus producing lingual discoordination during swallowing [50]. In
addition, the sensitivity of the tongue may be affected [26]. Steele et al. [25] compared two
training protocols including a tongue-pressure exercise, resulting in an improvement in
strength and swallowing. In this line, the study of Svensson et al. [51] suggested that the
specific and reversible plasticity of the corticomotor excitability related to tongue muscle
control can be induced when humans learn to perform a novel tongue task successfully.
Namiki et al. [52] developed tongue-pressure resistance training in healthy participants
achieving an improvement in tongue strength, dexterity, both anterior and superior hyoid
elevation, and swallowing functions.

Lips are also involved in the oral phase, being crucial to contain liquid or saliva in
the oral cavity or to prevent drooling [53]. Different studies in this review demonstrated a
reduced maximum lip force and salivary flow rate after stroke. No rehabilitation strategies
have been developed that focus on lip force and salivary flow.

The impairments of the facial muscles, lips, tongue, and jaw can influence the de-
velopment of speech disorders among stroke patients [54]. The study conducted by De
Cock et al. examined the speech characteristics, type of dysarthria, and severity in patients
with acute stroke. They found that the imprecise articulation of consonants, harsh voice
quality, and audible inspiration were the most frequently observed speech characteris-
tics [55]. Their results showed that maximum phonation time, maximum loudness, and
speech intelligibility were impaired in patients with acute stroke. Robertson proposed that
a rehabilitation strategy including a program focused on orofacial muscle movement and
articulation is effective in improving motor speech overall and in increasing intelligibility
after a stroke [56]. In this line, a previous systematic review with meta-analysis concluded
that an alternating and sequential motion rate and maximum phonation time significantly
improve after a speech rehabilitative treatment in patients with stroke [54].
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Limitations

Our review included studies conducted in patients with stroke, without considering
the phase. In addition, the small number of studies focused on rehabilitation strategies
limits our ability to analyze the results obtained. In this sense, caution should be applied
when generalizing the results, as heterogeneity is present in the population, design, and
outcome measures. Most of the studies included presented a small sample size or specific
inclusion criteria, which limit the generalization of the results. In addition, a meta-analysis
of the results of the follow-up was not possible. Accordingly, caution is needed when
interpreting the results and generalizing the outcomes in patients with stroke. Although
we reviewed multiple electronic databases of published studies, we may have missed
some trials. Given the limited number of studies focused on interventions, it was not
possible to formulate specific questions for each outcome to develop a clinical practice
recommendation.

5. Conclusions

Stomatognathic system disturbances are frequently reported among patients with
stroke, leading to dysfunction in important functions such as masticatory performance or
swallowing. The most frequently reported symptoms include stiffness and thickness of the
masseter muscle on the affected side and suprahyoid muscles; facial muscles” asymmetry
and weakness; TMD and a reduced maximum lip force, tongue pressure, and saliva flow
rate. The rehabilitation strategies more frequently reported include exercises directed to the
jaw, temporomandibular joint, tongue, and neck. However, the evidence is limited. Thus,
the design of optimal treatment strategies to adequately prevent deterioration in these
symptoms is of relevance. This review updates the evidence and provides an overview
for clinical characteristics and rehabilitation strategies for stomatognathic disturbances
including the most recent trials. Future research is needed to identify the early detection
strategy and the optimal protocol, frequency, duration, and intensity for maximizing
functional improvements in this population.

Author Contributions: Conceptualization, I.C.-M. and M.C.V.; methodology, M.Z.-S. and L.L.-L.;
software, L.R.-A,; validation, I.C.-M. and M.G.-S., formal analysis, M.Z.-S. and L.R.-A; investigation,
A.O.-R. and M.G.-S,; resources, L.L-L. and A.O.-R.; data curation M.C.V.; writing—original draft
preparation, M.Z.-S.; writing—review and editing, I.C.-M.; visualization, M.Z.-S. and L.R.-A.; supervi-
sion, M.C.V,; project administration, L.L.-L.; funding acquisition, L.L.-L. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by a FPU (“Formacién del Profesorado Universitario”) grant of
the Spanish Ministry of Education (FPU: 20/21670).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Lozano, R.; Naghavi, M.; Foreman, K.; Lim, S.; Shibuya, K.; Aboyans, V.; Abraham, J.; Adair, T.; Aggarwal, R.; Ahn, S.Y,; et al.
Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis for the Global
Burden of Disease Study 2010. Lancet 2012, 380, 2095-2128. [CrossRef]

Gomes, G.G.C,; Palinkas, M.; da Silva, G.P.; Gongalves, C.R.; Lopes, R.ET.; Verri, E.D.; Fabrin, S.C.V.; Fioco, E.M.; Siéssere,
S.; Regalo, S.C.H. Bite force, thickness, and thermographic patterns of masticatory muscles post-hemorrhagic stroke. J. Stroke
Cerebrovasc. Dis. 2022, 31, 106173. [CrossRef] [PubMed]

Schimmel, M.; Leemann, B.; Christou, P.; Schnider, A.; Mueller, F; Kiliaridis, S. Masseter muscle thickness in hospitalised stroke
patients. J. Oral Rehabil. 2010, 37, 726-730. [CrossRef]

Yilmaz, V.; Aras, B.; Umay, E. Temporomandibular joint dysfunction and impaired stomatognathic alignment: A problem beyond
swallowing in patients with stroke. Indian . Otolaryngol. Head Neck Surg. 2020, 72, 329-334. [CrossRef]


http://doi.org/10.1016/S0140-6736(12)61728-0
http://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106173
http://www.ncbi.nlm.nih.gov/pubmed/34700235
http://doi.org/10.1111/j.1365-2842.2010.02105.x
http://doi.org/10.1007/s12070-020-01830-z

Int. J. Environ. Res. Public Health 2023, 20, 657 18 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Zielinski, G.; Filipiak, Z.; Ginszt, M.; Matysik-Wozniak, A.; Rejdak, R.; Gawda, P. The organ of vision and the stomatognathic
system—Review of association studies and evidence-based discussion. Brain Sci. 2022, 12, 14. [CrossRef]

Cuccia, A.; Caradonna, C. The relationship between the stomatognathic system and body posture. Clinics 2009, 64, 61-66.
[CrossRef]

Dursun, O.; Cankaya, T. Assessment of temporomandibular joint dysfunction in patients with stroke. J. Stroke Cerebrovasc. Dis.
2018, 27,2141-2146. [CrossRef]

Hagg, M.; Tibbling, L. Effect of oral IQoro R and palatal plate training in post-stroke, four-quadrant facial dysfunction and
dysphagia: A comparison study. Acta Otolaryngol. 2015, 135, 962-968. [CrossRef]

Hegedtis, B. The potential role of thermography in determining the efficacy of stroke rehabilitation. J. Stroke Cerebrovasc. Dis.
2018, 27, 309-314. [CrossRef]

Gedrange, T.; Kunert-keil, C.; Heinemann, F.; Dominiak, M. Tissue engineering and oral rehabilitation in the stomatognathic
system. Biomed. Res. Int. 2017, 2017, 4519568. [CrossRef]

Dai, R.; Lam, O.L; Lo, E.C.; Li, L.S.; Wen, Y.; McGrath, C. Orofacial functional impairments among patients following stroke: A
systematic review. Oral. Dis. 2015, 21, 836-849. [CrossRef]

Umay, EK,; Yilmaz, V.; Gundogdu, I; Ozturk, E.; Gurcay, E.; Karaahmet, O.; Saylam, G.; Ceylan, T.; Cakci, A. What happens
to swallowing muscles after stroke? A prospective randomized controlled electrophysiological study. Neurol. India 2019, 67,
1459-1466. [CrossRef]

Oh, D.; Kang, T.; Kim, S. Effect of stomatognathic alignment exercise on temporomandibular joint function and swallowing
function of stroke patients with limited mouth opening. J. Phys. Ther. Sci. 2013, 25, 1325-1329. [CrossRef]

Schimmel, M.; Ono, T.; Lam, O.L.T.; Miiller, F. Oro-facial impairment in stroke patients. J. Oral. Rehabil. 2017, 44, 313-326.
[CrossRef]

Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. PRISMA-P Group Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]

Bordoni, B.; Varacallo, M. Anatomy, head and neck, temporomandibular joint. [Updated 2022 Jul 25]. In StatPearls [Internet];
StatPearls Publishing: Treasure Island, FL, USA, 2022. Available online: https://www.ncbi.nlm.nih.gov/books/NBK538486/
(accessed on 25 December 2022).

Hong, Q.N.; Pluye, P.; Fabregues, S.; Bartlett, G.; Boardman, F.; Cargo, M. Mixed Methods Appraisal Tool (MMAT): User guide.
McGill 2018, 1-11.

Sterne, J.A.C.; Savovi¢, ].; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M,; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef]

Kim, I.S.; Han, T.R. Influence of mastication and salivation on swallowing in stroke patients. Arch. Phys. Med. Rehabil. 2005, 86,
1986-1990. [CrossRef]

Schimmel, M.; Leemann, B.; Christou, P; Kiliaridis, S.; Schnider, A.; Herrmann, F.R.; Miiller, F. Oral health-related quality of life
in hospitalised stroke patients. Gerodontology 2011, 28, 3—11. [CrossRef]

Kawasaka, T.; Shimodozono, M.; Ogata, A.; Tanaka, N.; Kawahira, K. Salivary secretion and occlusal force in patients with
unilateral cerebral stroke. Int. . Neurosci. 2010, 120, 355-360. [CrossRef]

Schimmel, M.; Leemann, B.; Herrmann, F.R; Kiliaridis, S.; Schnider, A.; Miiller, F. Masticatory function and bite force in stroke
patients. J. Dent. Res. 2011, 90, 230-234. [CrossRef]

Schimmel, M.; Leemann, B.; Christou, P.; Kiliaridis, S.; Herrmann, ER.; Miiller, F. Quantitative assessment of facial muscle
impairment in patients with hemispheric stroke. | Oral Rehabil. 2011, 38, 800-809. [CrossRef]

Schimmel, M.; Leemann, B.; Schnider, A.; Herrmann, FR.; Kiliaridis, S.; Miiller, F. Changes in oro-facial function and hand-grip
strength during a 2 -year observation period after stroke. Clin. Oral. Investig. 2013, 17, 867-876. [CrossRef]

Steele, C.M.; Bayley, M.T.; Peladeau-Pigeon, M.; Nagy, A.; Namasivayam, A.M.; Stokely, S.L.; Wolkin, T. A randomized trial
comparing two tongue-pressure resistance training protocols for post-stroke dysphagia. Dysphagia 2016, 31, 452—461. [CrossRef]
Schimmel, M.; Voegeli, G.; Duvernay, E.; Leemann, B.; Miiller, F.; Miiller, F. Oral tactile sensitivity and masticatory performance
are impaired in stroke patients. J. Oral. Rehabil. 2017, 44, 163-171. [CrossRef]

Alvater Ramos, M.; Garcia Moura, B.; Costa de Araujo, C.; Tsunoda del Antonio, T.; Machado da Silva, ].K. Temporomandibular
dysfunction in patients with a history of stroke. Man Ther. Posturology Rehabil. ]. 2020, 17, 1-5.

Choi, ].B.; Jung, Y.J.; Park, J. Comparison of 2 types of therapeutic exercise: Jaw opening exercise and head lift exercise for
dysphagic stroke: A pilot study. Medicine 2020, 99, e22136. [CrossRef] [PubMed]

Song, C.; Yu, Y.F; Ding, WL.; Yu, ].Y,; Song, L.; Feng, Y.N.; Zhang, Z.]. Quantification of the masseter muscle hardness of stroke
patients using the MyotonPRO apparatus: Intra- and inter-rater reliability and its correlation with masticatory performance. Med.
Sci. Monit. 2021, 27, €928109. [CrossRef]

Axelsson, K.; Norberg, A.; Asplund, K. Eating after a stroke-towards an integrated view. Int. |. Nurs. Stud. 1984, 21, 93-99.
[CrossRef]

Westergren, A.; Karlsson, S.; Andersson, P.; Ohlsson, O.; Hallberg, L.R. Eating difficulties, need for assisted eating, nutritional
status and pressure ulcers in patients admitted for stroke rehabilitation. J. Clin. Nurs. 2001, 10, 257-269. [CrossRef]

Buescher, ].J. Temporomandibular joint disorders. Am. Fam. Physician 2007, 76, 1477-1482. [PubMed]


http://doi.org/10.3390/brainsci12010014
http://doi.org/10.1590/S1807-59322009000100011
http://doi.org/10.1016/j.jstrokecerebrovasdis.2018.03.007
http://doi.org/10.3109/00016489.2015.1042043
http://doi.org/10.1016/j.jstrokecerebrovasdis.2017.08.045
http://doi.org/10.1155/2017/4519568
http://doi.org/10.1111/odi.12274
http://doi.org/10.4103/0028-3886.273645
http://doi.org/10.1589/jpts.25.1325
http://doi.org/10.1111/joor.12486
http://doi.org/10.1186/2046-4053-4-1
https://www.ncbi.nlm.nih.gov/books/NBK538486/
http://doi.org/10.1136/bmj.l4898
http://doi.org/10.1016/j.apmr.2005.05.004
http://doi.org/10.1111/j.1741-2358.2009.00330.x
http://doi.org/10.3109/00207450802338754
http://doi.org/10.1177/0022034510383860
http://doi.org/10.1111/j.1365-2842.2011.02219.x
http://doi.org/10.1007/s00784-012-0769-2
http://doi.org/10.1007/s00455-016-9699-5
http://doi.org/10.1111/joor.12482
http://doi.org/10.1097/MD.0000000000022136
http://www.ncbi.nlm.nih.gov/pubmed/32957335
http://doi.org/10.12659/MSM.928109
http://doi.org/10.1016/0020-7489(84)90050-6
http://doi.org/10.1046/j.1365-2702.2001.00479.x
http://www.ncbi.nlm.nih.gov/pubmed/18052012

Int. J. Environ. Res. Public Health 2023, 20, 657 19 of 19

33.
34.
35.
36.
37.
38.
39.

40.

41.

42.
43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

Wright, A.]. An unusual but easily treatable cause of dysphagia and dysarthria. Br. Med. J. (Clin. Res. Ed.) 1985, 291, 1412-1413.
[CrossRef]

Helkimo, E.; Carlsson, G.E.; Carmeli, Y. Bite force in patients with functional disturbances of the masticatory system. J. Oral.
Rehabil. 1975, 2, 397-406. [CrossRef] [PubMed]

Bianchini, EM.G.; Paiva, G.; de Andrade, C.R.F. Mandibular movement patterns during speech in subjects with temporomandibu-
lar disorders and in asymptomatic individuals. Cranio 2008, 26, 50-58. [CrossRef] [PubMed]

Shaffer, S.M.; Brismée, ]. M.; Sizer, P.S.; Courtney, C.A. Temporomandibular disorders. Part 2: Conservative management. |. Man
Manip. Ther. 2014, 22, 13-23. [CrossRef] [PubMed]

Durham, J.; Newton-John, TR.O.; Zakrzewska, ].M. Temporomandibular disorders. BM] 2015, 350, h1154. [CrossRef]

Miles, T.S.; Nordstrom, M.A. Afferent and cortical control of human masticatory muscles. Adv. Exp. Med. Biol. 2002, 508, 443—-449.
Lindstrom, I.; Protto, S.; Khan, N.; Hernesniemi, J.; Sillanpad, N.; Oksala, N. Association of masseter area and radiodensity with
three-month survival after proximal anterior circulation occlusion. J. Neurointerv. Surg. 2021, 13, 25-29. [CrossRef]

Park, H.; Oh, D.; Yoon, T.; Park, J. Effect of effortful swallowing training on tongue strength and oropharyngeal swallowing
function in stroke patients with dysphagia: A double-blind, randomized controlled trial. Int. J. Lang Commun. Disord. 2019, 54,
479-484. [CrossRef]

Iwatsu, H.; Ikuta, Y.; Shinoda, K. Deep friction massage on the masticatory muscles in stroke patients increases biting force. J.
Phys. Ther. Sci. 2001, 13, 17-20. [CrossRef]

Bentsianov, B.; Blitzer, A. Facial anatomy. Clin. Dermatol. 2004, 22, 3-13. [CrossRef] [PubMed]

Morecraft, R.J.; Stilwell-Morecraft, K.S.; Rossing, W.R. The motor cortex and facial expression: New insights from neuroscience.
Neurologist 2004, 10, 235-249. [CrossRef] [PubMed]

Miiri, R.M. Cortical control of facial expression. J. Comp. Neurol. 2016, 524, 1578-1585. [CrossRef] [PubMed]

English, C.; McLennan, H.; Thoirs, K.; Coates, A.; Bernhardt, J. Loss of skeletal muscle mass after stroke: A systematic review. Int.
J. Stroke 2010, 5, 395-402. [CrossRef] [PubMed]

Fabricius, J.; Kothari, S.F.; Kothari, M. Assessment and rehabilitation interventions for central palsy in patients with acquired
brain injury: A systematic review. Brain. Inj. 2021, 35, 511-519. [CrossRef]

Umay, E.; Gurcay, E.; Ozturk, E.A.; Akyuz, E.U. Is sensory-level electrical stimulation effective in cerebral palsy children with
dysphagia? A randomized controlled clinical trial. Acta. Neurol. Belg. 2020, 120, 1097-1105. [CrossRef]

Matsuo, K.; Palmer, ].B. Anatomy and physiology of feeding and swallowing: Normal and abnormal. Phys. Med. Rehabil. Clin. N.
Am. 2008, 19, 691-707. [CrossRef]

Steele, C.M.; Cichero, ]J.A. Physiological factors related to aspiration risk: A systematic review. Dysphagia 2014, 29, 295-304.
[CrossRef]

Daniels, S.K.; Brailey, K.; Foundas, A.L. Lingual discoordination and dysphagia following acute stroke: Analyses of lesion
localization. Dysphagia 1999, 14, 85-92. [CrossRef]

Svensson, P.; Romaniello, A.; Arendt-Nielsen, L.; Sessle, B.J. Plasticity in corticomotor control of the human tongue musculature
induced by tongue-task training. Exp. Brain Res. 2003, 152, 42-51. [CrossRef]

Hori, K.; Ono, T.; Iwata, H.; Nokubi, T.; Kumakura, I. Tongue pressure against hard palate during swallowing in post-stroke
patients. Gerodontology 2005, 22, 227-233. [CrossRef]

Ertekin, C.; Aydogdu, I. Neurophysiology of swallowing. Clin. Neurophysiol. 2003, 114, 2226-2244. [CrossRef]

Chiaramonte, R.; Vecchio, M. Dysarthria and stroke. The effectiveness of speech rehabilitation. A systematic review and
meta-analysis of the studies. Eur. |. Phys. Rehabil. Med. 2021, 57, 24—43. [CrossRef]

De Cock, E.; Oostra, K.; Bliki, L.; Volkaerts, A.S.; Hemelsoet, D.; De Herdt, V.; Batens, K. Dysarthria following acute ischemic
stroke: Prospective evaluation of characteristics, type and severity. Int. J. Lang Commun. Disord. 2021, 56, 549-557. [CrossRef]
Robertson, S. The efficacy of oro-facial and articulation exercises in dysarthria following stroke. Int. J. Lang Commun. Disord. 2001,
36, 5292-5297. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1136/bmj.291.6506.1412
http://doi.org/10.1111/j.1365-2842.1975.tb01539.x
http://www.ncbi.nlm.nih.gov/pubmed/23150916
http://doi.org/10.1179/crn.2008.007
http://www.ncbi.nlm.nih.gov/pubmed/18290525
http://doi.org/10.1179/2042618613Y.0000000061
http://www.ncbi.nlm.nih.gov/pubmed/24976744
http://doi.org/10.1136/bmj.h1154
http://doi.org/10.1136/neurintsurg-2020-015837
http://doi.org/10.1111/1460-6984.12453
http://doi.org/10.1589/jpts.13.17
http://doi.org/10.1016/j.clindermatol.2003.11.011
http://www.ncbi.nlm.nih.gov/pubmed/15158538
http://doi.org/10.1097/01.nrl.0000138734.45742.8d
http://www.ncbi.nlm.nih.gov/pubmed/15335441
http://doi.org/10.1002/cne.23908
http://www.ncbi.nlm.nih.gov/pubmed/26418049
http://doi.org/10.1111/j.1747-4949.2010.00467.x
http://www.ncbi.nlm.nih.gov/pubmed/20854624
http://doi.org/10.1080/02699052.2021.1890218
http://doi.org/10.1007/s13760-018-01071-6
http://doi.org/10.1016/j.pmr.2008.06.001
http://doi.org/10.1007/s00455-014-9516-y
http://doi.org/10.1007/PL00009592
http://doi.org/10.1007/s00221-003-1517-2
http://doi.org/10.1111/j.1741-2358.2005.00089.x
http://doi.org/10.1016/S1388-2457(03)00237-2
http://doi.org/10.23736/S1973-9087.20.06242-5
http://doi.org/10.1111/1460-6984.12607
http://doi.org/10.3109/13682820109177900

	Introduction 
	Methods 
	Registration and Protocol 
	Search Strategy 
	Selection Strategy 
	Study Quality Assessment 

	Results 
	Structural Changes in the Stomatognathic System in Patients with Stroke 
	Stomatognathic System Dysfunctions in Patients with Stroke 
	Rehabilitation Strategies for Stomatognathic System Disturbances 
	Methodological Quality 

	Discussions 
	Conclusions 
	References

