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Abstract.
BACKGROUND: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease affecting upper and lower
motor neurons. The current practice of caring for patients affected by ALS involves a multidisciplinary team without any
indication about oral health care.
OBJECTIVE: We sought to investigate the functional status and oral health in patients with ALS to define a specific
multidisciplinary management.
METHODS: In this cross-sectional study, we included patients affected by ALS, evaluating their functional status, using the
Revised ALS Functional Rating Scale (ALSFRS-R) and their oral health status through specific parameters, including Brief
Oral Health Status Examination (BOHSE), Winkel Tongue Coating Index (WTCI), and Oral Food Debris Index (OFDI).
RESULTS: All 37 patients (mean age: 61.19 ± 11.56 years) showed a poor oral status, independent from the functional status
and strictly correlated to the severity of sialorrhea (p = 0.01). OFDI index was negatively correlated with the ALSFRS-R upper
limb (p = 0.03). Patients with bulbar onset had significantly lower ability to perform adequate tongue movements in terms
of protrusion (p = 0.006) and lateralization (p < 0.001). Significant negative correlations between survival rate and BOHSE
(p = 0.03) was found.
CONCLUSIONS: Taken together, our findings showed that a poor oral health status might be correlated to a worse func-
tional status and survival time. Thus, an adequate oral health care and rehabilitation should be considered as crucial in the
multidisciplinary management of patients with ALS.
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1. Background

Amyotrophic lateral sclerosis (ALS) is a pro-
gressive neurodegenerative disease, caused by motor
neuron death in the cerebral motor cortex, brainstem
and spinal cord, leading to restricted voluntary move-
ment and detrimental health related quality of life
(HRQoL) (Taylor et al., 2016). ALS is character-
ized by a typical onset in adulthood, with a peak of
diagnosis commonly reported from 40 to 70 years
old, with 55 years as the mean age of onset (Taylor et
al., 2016). The European ALS registries provided an
incidence rate of 2.6/100,000 inhabitants/year and a
prevalence rate of 7–9/100,000 people (Hardiman et
al., 2017), with a mortality occurring within 2-4 years
from diagnosis, commonly as a consequence of the
respiratory muscle paralysis (Calvo et al., 2020).

ALS might be differentiated according to the
region involved at their onset in: spinal onset (SO),
associated with signs and symptoms in either the
arms, legs, or both and accompanied by lower motor
neuron features like muscle atrophy, fasciculations
and weakness as well as a combination of pyrami-
dal (upper motor neuron) findings of spasticity and
hyperreflexia; bulbar onset (BO), showing dysarthria,
dysphagia, and/or dyspnea as the hallmark features
(Bergendal & McAllister, 2017; Easterling et al.,
2013)..

In this scenario, oral health status is an over-
looked issue which is not part of the common clinical
management for patients with ALS in most cases.
Sialorrhea is one of the most disabling symptoms in
ALS, with an increased risk of caries and gum inflam-
mation and could be related to tongue spasticity,
orofacial and palatoglossus muscle control failure,
facial muscular weakness, as well as the inability to
maintain oral and buccal competence (Bergendal &
McAllister, 2017). In literature, a few anecdotical
cases have described clinical manifestations like mas-
ticatory muscle pain, progressive limitation of mouth
opening and macroglossia (Bergendal & McAllister,
2017; McKee et al., 2013; Pang & Park, 2015). The
worst ALS clinical manifestation is the expiratory
muscles weakness, that might lead to pulmonary dys-
function, difficulty in clearing secretions, repeated
episodes of pneumonia, and respiratory insufficiency
present in almost all cases at some stage of the illness,
that might lead to death (Hadjikoutis & Wiles, 2001;
Hardiman, 2011).

The role of rehabilitation in patients affected by
ALS at each stage of the disease has been investigated
in order to enhance safe mobility and independence,

to reduce disease-related impairments and to improve
HRQoL (Ferreira et al., 2016; Pinto et al., 2012).
However, data about the most effective exercise type,
modality and frequency are lacking considering also
the need to avoid muscle overuse, according to the
disease-related muscular denervation and weakness.

It is assumable that an impairment in oro-facial
and upper limbs motor function could prevent an
adequate oral health status maintenance; moreover,
the decreased tongue mobility could lead to a lower
self-cleansing ability and an increased accumulation
of food debris and plaque (Bergendal & McAl-
lister, 2017). In this context, oral health is often
limited in individuals with special healthcare needs,
with resulting higher rates of dental disorders and
increasing disability (Devinsky et al., 2020). Thus,
as previously evidenced in stroke survivors (de Sire
et al., 2019), a poor oral health status could lead to
higher disability, worsening clinical manifestations
and HRQoL, and hindering the rehabilitative needs
of these subjects.

In light of these considerations, a multidimen-
sional approach that includes neurologists, physical
medicine and rehabilitation (PRM) physicians, and
oral care specialists is strongly recommended for
patients affected by ALS (Miller et al., 2009; Nor-
ris et al., 2020; Park D, et al., 2020; Plowman et al.,
2019); however, oral hygiene screening is mandatory
in these patients. However, albeit the current practice
takes into account a multidisciplinary team, there is
still a lack of clear indications regarding oral health
care and rehabilitation needs patients with ALS.

Therefore, aim of the present study was to investi-
gate functional status and oral health in a sample of
patients with ALS, according to their onset; further-
more, we evaluated the correlation among oral health
status and clinical manifestations and survival time,
in order to provide evidence on the importance of a
patient-oriented multidisciplinary management.

2. Methods

2.1. Participants

In this cross-sectional study, we recruited adult
patients with ALS referred to the Tertiary ALS Cen-
ter of University Hospital ‘Maggiore della Caritá’ of
Novara, Italy, over a 12-month period from January
to December 2019.

Inclusion criteria were: 1) a diagnosis of clinically
definite, probable, probable laboratory-supported or
possible ALS according to ‘El Escorial Revisited:
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revised criteria’ (Brooks et al., 2000); 2) have
attended at least one appointment at the multidisci-
plinary ALS clinic; 3) being able to provide informed
consent in person or through a legally authorized rep-
resentative. Exclusion criteria were: 1) psychiatric
diseases or neurological diseases other than ALS; 2)
severe mental deterioration which makes it impossi-
ble to understand orders; 3) evidences of concurrent
illness; 4) undergoing treatment with corticosteroids,
immunoglobulin, or immunosuppressive drugs; 5)
less than 10 teeth; 6) suffering or having suffered in
the past from major oral infections; 7) unable to
understand the informed consent.

The study was approved by the Local Ethics Com-
mittee (CE 61/10, prot.392 CE). All participants were
asked to carefully read and sign an informed consent,
and researchers provided to protect the privacy and
the study procedures according to the Declaration of
Helsinki, with pertinent National and International
regulatory requirements. Moreover, the study was
performed in accordance with the STrengthening the
Reporting of OBservational studies in Epidemiology
(STROBE) Guidelines.

2.2. Intervention

At the admission to the hospital, PRM physicians
assessed the functional status of all study partici-
pants and propose a patient-oriented rehabilitation
treatment to prevent potential ALS-related complica-
tions. Furthermore, patients also underwent a clinical
assessment of dental formula (including the presence
of filled or decayed teeth) and oral health status by
oral care specialists.

2.3. Outcome measures

For all patients included in the study we collected
the following data at the admission to the hospital:
demographic characteristics; disease duration; type
of onset (SO or BO); Force Vital Capacity percent-
age (FVC%); Body Mass Index (BMI); feeding status
(autonomous, assisted or undergoing percutaneous
endoscopic gastrostomy - PEG); dysphagia score
using Strand Scale (Strand et al., 1996); type of diet;
use of Non-Invasive Ventilation (NIV) with number
of hours/day and months of use; sialorrhea; social
cognitive impairment, defined according to Strong
Criteria (Strong et al., 2017); survival time, calcu-
lated as the time from symptoms onset and death or
tracheostomy (for living patients we used as censored
date April 2020).

Revised Amyotrophic Lateral Sclerosis Functional
Rating Scale (ALSFRS-R) was used to assess the
functional status, considering also its sub-scores for
upper and lower limbs, respiratory functions and bul-
bar functions (Gordon et al., 2004).

Furthermore, we evaluated oral health status,
trough the following outcome measures: ability to
perform tongue protrusion, and right and left late-
ralization; Kayser-Jones Brief Oral Health Status
Examination (BOHSE) (Kayser-Jones et al., 1995) to
assess the global oral health status; Winkel Tongue
Coating Index (WTCI) (Winkel et al., 2003) to
evaluate the amount of tongue coating; New Method
of Plaque Scoring (NMPS) (Dababneh et al. 2002) to
assess the presence of plaque on the teeth; Gingival
Index (GI) (Löe & Silness, 1963) to evaluate the signs
of gingival inflammation; Oral Hygiene Index (OHI)
(Greene & Vermillon, 1964) to assess the presence of
debris/stain and tartar on the teeth; Oral Food Debris
Index (OFDI) (Migliario & Rimondini, 2011) to eval-
uate the food debris in the oral cavity.

2.4. Statistical analysis

Data management and analyses were conducted
according to a pre-specified statistical analytical plan.
Statistical analysis was performed using STATA v. 12
(StataCorp LP, College Station, TX, USA). The con-
tinuous variables are presented as means ± standard
deviations, or median and interquartile range. The
Shapiro-Wilk test was performed to assess the dis-
tribution of all continuous data; as the data did not
follow a normal distribution, Wilcoxon rank sum test
was used to compare continuous variables between
the two groups; Fisher exact test was performed
to compare categorical variables between the two
groups. Pearson correlation coefficients and regres-
sion analyses assessed associations and correlations
among oral health status of study participants, ana-
lyzing a correlation with clinical and demographic
features. A p-value of 0.05 was considered statisti-
cally significant.

3. Results

3.1. Demographic and clinical characteristics

Out of 51 patients affected by ALS recruited, 37
(12 men and 25 women), mean aged 61.19 ± 11.56
years, were included for the final analysis. Nine were
excluded because having less than 10 teeth, and 5
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Table 1
Study population characteristics

Total (n = 37)

Age (years) 61.19 (11.56)
Sex (male/female) 12/25
Disease duration at the 20 (8–41)

admission (months)
Survival time (months) 43 (29.5–70.75)
BMI 23.37 (4.45)
FVC% 64.33 821.98)
NIV (bulbar/spinal) 4/5
Mean NIV hours/day 8.00 (3.92)
Mean months of use 12.55 (9.80)
Sialorrhea (bulbar/spinal) 7/10
Treatment for 9

sialorrhea (number)
PEG (bulbar/spinal) 1/0
Cognitive status 25/12

(normal/deficit)
ALSFRS-R score 28.27 (7.80)
ALSFRS-R bulbar 7.57 (2.97)
ALSFRS-R UL 5.35 (3.78)
ALSFRS-R LL 5.81 (3.83)
ALSFRS-R respiratory 9.54 (2.62)
BOHSE 4.54 (2.37)
WTCI 1.18 (0.55)
NMPS 4.39 (2.65)
GI 1.32 (0.81)
OHI 1.95 (1.33)
OFDI 0.62 (0.59)

Continuous variables are expressed as means (standard devia-
tions) or medians (interquartile ranges); ratios are expressed as x/y.
Abbreviations: ALS = amyotrophic lateral sclerosis; ALSFRS-R:
ALS Functional Rating Scale – revised; BMI: Body Mass Index;
BOHSE = Kayser-Jones Brief Oral Health Status Examination;
FVC: Force Vital Capacity; GI = Gingival Index; LL: lower limb;
NIV = Non-Invasive Ventilation; NMPS = New Method of Plaque
Scoring; Oral Food Debris Index (OFDI); OHI = Oral Hygiene
Index; PEG = percutaneous endoscopic gastrostomy; UP: upper
limb; WTCI = Winkel Tongue Coating Index.

as their diagnosis of ALS was not confirmed. In
our cohort, one patient had PEG. Demographic and
clinical characteristics are summarized in Table 1.

3.2. Functional and oral health status and type
of ALS onset

Patients were divided according to the onset of
ALS into 2 groups: BO group (n = 10; mean age:
62.5 ± 8.2 years) and SO group (n = 27; mean age:
60.7 ± 1.7 years).

There were no significant differences between
groups in terms of age, age at ALS diagnosis, and
autonomous feeding. However, number of patients
undergoing assisted feeding was significantly higher
in SO patients compared to those with BO (p = 0.01).
As depicted by Table 2, the SO group had sig-
nificantly lower levels than BO group in terms of

ALSFRS-R total (26.3 ± 7.6 vs 33.7 ± 5.5; p = 0.01),
and ALSFRS-R UL (p < 0.01) and ALSFRS-R LL
(p < 0.01) sub-scores. On the contrary, BO group
had significantly lower ALSFRS-R bulbar sub-score
(p = 0.04). There were no differences between groups
(p = 0.54) in ALSFRS-R respiratory sub-score.

BO patients had a significantly lower ability than
SO patients in terms of tongue protrusion (40.0%
vs 85.2%; p < 0.01), right lateralization (30.0% vs
88.9%; p < 0.001), and left lateralization (30.0% vs
85.2%; p < 0.01). There was any significant differ-
ence between subjects with SO and BO in terms of
oral health status indexes (see Table 2 for further
details).

3.3. Oral health status and correlations with
clinical features

The BOHSE showed an impairment of oral he-
alth status in 7 out 37 patients (18.9%). Higher scores
strongly correlated with presence of sialorrhea (p =
0.01), independently by concomitant symptomatic
ongoing treatment (see Fig. 1, left). A significant cor-
relation was observed between sialorrhea and WTCI
(p = 0.04). A positive trend was found also between
sialorrhea and gingival index (p = 0.06).

We found a positive correlation between undergo-
ing NIV through nasal mask and oral health status,
assessed by BOHSE (p = 0.03) (see Fig. 1, right);
there was also a positive trend for OHI and GI
(p = 0.06).

The OFDI index was negatively correlated with the
total ALSFRS-R (R=–0.40; p = 0.04), mainly with the
upper limb score (R=–0.40; p = 0.03).

Lastly, no significant correlations (p > 0.05) were
observed between all oral health indexes and the
presence of social cognitive impairment, assessed
according to Strong Criteria (Strong et al., 2017).

3.4. Oral health status and correlations with
dysphagia, BMI and type of diet

Level of dysphagia was positively correlated with
WTCI (R = 0.37; p = 0.02). No other significant cor-
relations were observed between oral health status
indexes and dysphagia. Similarly, no significant cor-
relations were found between oral health status
indexes and both BMI and type of diet (p > 0.05).

3.5. Oral health status and survival time

A median survival time in this cohort from onset
to death or tracheostomy was 43 months (IQR:
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Table 2
Differences between bulbar onset and spinal onset in patients with ALS

Total ALS bulbar ALS spinal p-value
(n = 37) onset (n = 10) onset (n = 27)

Age (years) 61.19 ± 11.56 62.54 ± 8.23 60.69 ± 1.67 0.67∗
Age at ALS diagnosis (years) 57.70 ± 13.24 61.24 ± 8.33 56.40 ± 14.57 0.33∗
Sex (male/female) 12/25 4/6 8/19 0.55∗∗
Autonomous feeding 17 (45.95%) 7 (70.00%) 10 (37.04%) 0.14∗∗
Assisted feeding 18 (48.65%) 1 (10.00%) 17 (62.96%) 0.01∗∗
Tongue protrusion 27 (72.97%) 4 (40.00%) 23 (85.19%) 0.01∗
Tongue right lateralization 27 (72.97%) 3 (30.00%) 24 (88.89%) <0.01∗
Tongue left lateralization 26 (70.27%) 3 (30.00%) 23 (85.19%) 0.01∗
ALSFRS-R total 28.27 ± 7.81 33.70 ± 5.49 26.26 ± 7.63 0.01∗
ALSFRS-R bulbar 7.57 ± 2.97 5.90 ± 5.49 8.19 ± 2.98 0.04∗
ALSFRS-R UL 5.35 ± 3.79 8.80 ± 5.49 4.07 ± 3.03 <0.01∗
ALSFRS-R LL 5.81 ± 3.84 9.90 ± 2.72 4.30 ± 2.99 <0.01∗
ALSFRS-R respiratory 9.54 ± 2.62 9.10 ± 2.46 9.73 ± 2.70 0.54∗
BOHSE 4.54 ± 2.37 4.10 ± 1.72 4.70 ± 2.58 0.50∗∗
WTCI 1.18 ± 0.55 1.43 ± 0.53 1.09 ± 0.54 0.23∗∗
NMPS 4.39 ± 2.65 4.04 ± 1.19 4.51 ± 3.03 0.64∗∗
GI 1.32 ± 0.81 1.16 ± 0.53 1.38 ± 0.90 0.47∗∗
OHI 1.95 ± 1.33 1.50 ± 0.83 2.12 ± 1.45 0.29∗∗
OFDI 0.62 ± 0.59 0.63 ± 0.57 0.60 ± 0.70 0.77∗∗

Continuous variables are expressed as means ± standard deviations; categorical variables are expressed as counts (percentages). Statistical
analysis tests performed were: ∗ = Wilcoxon rank sum test; ∗∗ = Fisher exact test; A p-value of 0.05 was considered statistically significant.
Abbreviations: ALS = amyotrophic lateral sclerosis; ALSFRS-R=ALS Functional Rating Scale – revised; BOHSE = Kayser-Jones Brief Oral
Health Status Examination; GI = Gingival Index; LL = lower limbs; NMPS = New Method of Plaque Scoring; OHI = Oral Hygiene Index;
Oral Food Debris Index = OFDI; UL = upper limbs; WTCI = Winkel Tongue Coating Index.

Fig. 1. Correlation between Kayser-Jones Brief Oral Health Status Examination (BOHSE) and sialorrhea (p = 0.01) (left) and Non-Invasive
Ventilation (NIV) (p = 0.03) (right).

29.5–70.75). At the censoring date, 22 patients were
dead or with tracheostomy.

Firstly, BOHSE, WTCI, GI, OFDI, and OHI were
significantly correlated with survival time showing
the oral health status could influence ALS duration.
Pearson correlation analysis showed a negative cor-
relation between survival rate and BOHSE (R=–0.40;
p = 0.03) (see Fig. 2, left) and WTCI (R=–0.35; p =
0.05) (see Fig. 2, right). A multiple linear regres-
sion model, including BOHSE, WTCI, GI, OFDI,
OHI, age, and sex, showed a significant correlation

between survival time and WTCI (p = 0.02) and
between survival time and age (p = 0.009).

4. Discussion

To the best of our knowledge, this is the first
study that focused on functional status and oral health
in patients affected by ALS in the context of a
multidisciplinary care approach. The most important
result of this study is the demonstration that most
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Fig. 2. Correlation between survival time (months) and Kayser-Jones Brief Oral Health Status Examination (BOHSE) (p = 0.03) (left) and
Winkel Tongue Coating Index (WTCI) (p = 0.05) (right).

of them showed a poor oral status, which was inde-
pendent from the functional status and was strictly
correlated with a poor survival.

In this cross-sectional study, we showed that
total ALSFRS-R score was significantly lower
(p = 0.008) in SO patients compared to BO, However,
considering each ALSFRS-R sub-item we found
worse results only in ALSFRS-R UL (p < 0.001) and
ALSFRS-R LL (p < 0.001) in the SO group.

A global poor oral status in patients with ALS
was detailed in terms of oral health (evaluated by
BOHSE), amount of tongue coating (assessed by
WTCI), presence of plaque on the teeth (as showed
by NMPS), gingival inflammation (assessed by GI
score) and presence of debris/stain and tartar on the
teeth (evaluated by OHI).

In the context of clinical parameters, we observed a
positive correlation between sialorrhea and BOHSE,
WTCI and GI, suggesting as an excess of salivation
is an invalidating symptom and can cause a range of
clinical and functional complications such as aspira-
tion, bad odor and infection.

Moreover, as expected, patients with ALS with
BO had a significantly worse lingual mobility than
SO patients in terms of protrusion and lateralization.
A prospective case-series study previously investi-
gated both functional status and oral health in patients
with ALS according to their site of onset in 14
ALS patients (Bergendal & McAllister, 2017). The
patients affected by ALS with BO (n = 8) had more
severe orofacial impairment compared to those with
SO (n = 6), as showed by Nordic Orofacial Test-
Screening (NOT-S) (5.6 vs. 0.7 at initial registration;
6.1 vs. 3.2 at final registration). These data are in line

with our results, although performed on a case-series
design and using a different instrumental tool (NOT-S
vs. ALSFRS-R for orofacial functions evaluation) in
two different time-points (before and after the intro-
duction of oral and dental aids). It is also shown that
patients affected by ALS with BO had severe impair-
ment in orofacial functions from an early disease
stage, confirming the disease main features. More-
over, the Authors concluded that all patients with ALS
independently from the type of early stage symptoms
needed assistance in performing oral hygiene mea-
sures. This notion is in line also with a cross-sectional
study performed by Nakayama et al. (Nakayama et
al., 2018) aimed to analyze oral condition and func-
tion in hospitalized patients affected by ALS treated
by tracheostomy positive-pressure ventilation. The
oral cavity of all patients was cleaned at least twice
per day, including the removal of accumulated liquid
in the mouth by aspiration, intratracheal aspiration,
tongue care and teeth cleaning. The Authors con-
cluded that severe dental disease is quite uncommon
among hospitalized patients with ALS independently
from their onset and is related to the oral care that
they could receive, suggesting the need to sensi-
tize caregivers in the outpatient setting about these
potential issues. Abe et al. (Abe et al., 2008) pointed
out how an adequate oral hygiene could reduce
oral plaque and help reduce the risk for aspiration
pneumonia in patients affected by ALS. Indeed, aspi-
ration of oral bacteria due to swallowing impairment
and cough reflexes associated with cerebrovascular
disorders has been reported to be a common cause of
aspiration pneumonia (Bartlett et al., 1974). Inglis
et al. (Inglis et al., 1993) reported that the main
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determinant in the pathogenesis of aspiration pneu-
monia was not the type of oral bacteria but the
total amount of bacteria aspirated. Therefore, consi-
dering that the tongue has been reported to be a large
reservoir of oral bacteria, oral health status and im-
pairments should be adequately evaluated and treated
in order to prevent aspiration pneumonia, a frequent
and well-known cause of death in patients with ALS
(Sumi et al., 2006).

Furthermore, a negative trend is highlighted be-
tween survival and both BOHSE and WTCI, sug-
gesting as the oral health status can be included as
indicator of general health.

Lastly, it should be underlined that the oral health
status was poor in all study participants, suggesting
that an incorrect oral hygiene may be more related to
lower functional status, testifying the importance of
rehabilitation in patients with ALS.

Why do patients with ALS need rehabilitation?
Firstly, the poor functional status evidenced by
ALSFRS-R testified that an appropriate rehabilitative
intervention should be prescribed by a PRM physi-
cian in order to counteract muscle impairment. A
recent meta-analysis performed by Park et al. demon-
strated that therapeutic exercise exerted benefic
effects in patients with ALS in terms of prevent-
ing the progression of limb weakness and improving
cardiopulmonary benefit (Park et al., 2020).

Furthermore, it is well known that ALS is charac-
terized by motor neurons degeneration, leading to
the loss of muscle mass and atrophy with progre-
ssive motor impairment, including ventilation insuf-
ficiency (Pinto et al., 2012). Respiratory muscles
weakness could impair airway protection by reducing
the expiratory pressure generation capacities neces-
sary to produce an effective cough (Ruoppolo et al.,
2013). Expiratory muscles weakness is a widespread
condition in patients affected by advanced neurode-
generative diseases and could result in pulmonary
dysfunction and consequent pneumonia, one of the
main causes of death in patients with ALS (Hadjik-
outis & Wiles, 2001; Hardiman, 2011). Expiratory
muscle strength training was demonstrated to be well-
tolerated and effective in improving respiratory and
bulbar function in patients with ALS (Plowman et al.,
2019).

It is well known that NIV might compensate dia-
phragm weakness, leading to a prolonged survival
and higher HRQoL in patients affected by ALS with
clinically significant expiratory muscle weakness (Ng
et al., 2017). Although NIV therapy is more compli-
cated in BO patients because of hypersalivation and

oral functional impairments, Berlowitz et al. demon-
strated that BO patients undergoing NIV therapy
might have a prolonged survival rate comparable to
those observed in SO patients (Berlowitz et al., 2016).
Therefore, in light of its non-invasiveness and ade-
quate tolerability, NIV could be considered as an
essential therapeutic component in the rehabilitative
management of patients with ALS with both onsets
and a prompt and effective oral health evaluation and
treatment could facilitate its use, in particular in those
with BO.

It was interesting to notice in our cohort that
patients using NIV device through nasal mask
showed to have a positive correlation with oral health
status, assessed by BOHSE (p = 0.03); these findings
might be due to the lower presence of saliva. However,
taking into account the small number of patients using
NIV in our cohort (24.3%) the impact of ventilation
on oral health status should be better investigated in
future studies on a wider sample.

Thus, as previously evidenced by our group in
stroke survivors (de Sire et al., 2019), oral care
screening should be implemented in the routine
clinical management of neurological patients, to
define prompt and effective oral rehabilitation inter-
vention.

Lastly, given the complex and multifaceted clinical
scenario and sequelae of ALS, the International Clas-
sification of Functioning, Disability and Health (ICF)
(Cieza et al., 2004), taking into account impairments,
activity limitations, and participation restrictions,
might lead to a better overview of the overall func-
tional status of patients with ALS (Ciotti et al.,
2018). To date, patients affected by ALS might be
assessed by ICF Generic and Rehabilitation Sets,
minimal sets of ICF categories applied for ICF-
based reporting in the clinical practice (Prodinger
et al., 2016; Gimigliano et al., 2019). In the future,
ICF could become a keystone in the comprehen-
sive and multidisciplinary management of patients
with ALS in order to set up more effective and
personalized rehabilitation programs (Ciotti et al.,
2018).

This study has some limitations: first, in our cohort,
the patients affected by ALS with BO are fewer
compared to SO group, clearly reflecting the epi-
demiology of the disease and can be explained by
the real-practice nature of the study, but it could
be generating a bias in the evaluation; second, the
cross-sectional study design hinders any potential
assessment about the impact of a rehabilitation inter-
vention in modifying the functional outcomes.
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However, as previously noticed, to the best of our
knowledge, this is the first cross-sectional study that
investigated functional status, tongue mobility, and
oral health in patients affected by ALS with SO
and BO. After these preliminary results, our goal
is continuing the oral assessment evaluation both in
clinical practice and in research setting, associating
a prompt and patient-tailored rehabilitation program
to improve the oral functional outcomes and their
management.

5. Conclusions

Taken together, our findings corroborate the
hypothesis that a poor oral health status could be
correlated to a worse functional status and survival
time, making necessary the role of an adequate oral
rehabilitation management in patients with ALS.

Thus, we suggest including oral care and
rehabilitation in the comprehensive and multidisci-
plinary management of patients affected by ALS in
order to improve functioning, HRQoL, and survival
time. Further prospective studies are warranted to
confirm these data and to clarify the role of a patient-
oriented rehabilitative intervention in patients with
ALS according to their onset.
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