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Aims: To determine the effect of amyotrophic lateral sclerosis (ALS) on aspects
of masticatory function and to assess the relationship between ALS and the
prevalence of traumatic mucosal lesions caused by oral self-injury. Methods:
A total of 163 ALS patients and 23 control subjects participated in this cross-
sectional study. Clinical characteristics including site of onset, medication,
type of feeding, and use of noninvasive mechanical ventilation were recorded.
The Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) protocol
and a specific questionnaire to assess aspects of masticatory dysfunction and
frequency of self-injury of the oral mucosa were applied to all participants.
Maximum mandibular range of motion, maximum bite force, and maximum finger-
thumb grip force were determined and tested with Mann Whitney, Kruskal-Wallis,
or chi-square tests. P < .05 was considered significant. Results: Maximum
unassisted and assisted mouth opening, protrusion, left laterotrusion, and finger-
thumb grip force were significantly reduced in both spinal- (n = 102) and bulbar-
onset (n = 40) patients compared to the control group; however, bite force was
reduced only in bulbar-onset patients. ALS patients with tube feeding (n = 16)
had the greatest reduction in maximum bite force and mandibular opening. There
was no relationship between TMD and ALS. Oral self-injury due to biting was
more frequent in the ALS group (29.9%) than in the control group (8.7%) and in
the bulbar-onset group (565.0%) compared to the spinal- (20.8%) and respiratory-
onset (18.2%) groups. Of the ALS patients in the study, 10% sought dental
treatment related to the condition. Conclusion: The ALS patients in this study
had a reduction in finger-thumb grip force that was twice as great as the reduction
in bite force. The maximum range of mandibular movement was also reduced,
especially in bulbar-onset patients. ALS patients did not have a higher prevalence
of TMD but did have more traumatic mucosal injury than controls. The dentist
should be an integral part of the multidisciplinary team to manage ALS patients.
J Oral Facial Pain Headache 2018,32:84-90. doi: 10.11607/0fph.1882
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progressive neurodegenerative disease that affects the lower
and upper motor neurons in the spinal cord, brainstem, and brain,
causing muscle atrophy, muscle weakness, and spasticity.! Risk factors
associated with ALS are older age, male sex, and family history.? Its
incidence rates in Catalonia and Europe are approximately 1.4 and 2.1
per 100,000 people a year, respectively,®* and survival rates vary from
months to several years, with median survival time from onset ranging
from 24 months in northern Europe to 48 months in central Asia.®
The typical clinical characteristics of ALS are variable and depend
on whether the site of onset is spinal, bulbar, or respiratory. Most pa-
tients with ALS have a spinal onset, causing referred weakness and
muscle atrophy, fasciculations (reflecting involvement of lower motor
neurons), and hyperreflexia and hypertonia (reflecting involvement of
upper motor neurons). Weakness starts in bulbar muscles in about
20% of patients, with dysarthria, dysphagia, and tongue fasciculations.
Bulbar-onset ALS has a poorer prognosis due to swallowing difficul-
ties, weight loss, aspiration, and respiratory involvement, with poorer

meotrophic lateral sclerosis (ALS) is a heterogenous, multisystem,
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Table 1 Characteristics of Patients with Amyotrophic Lateral Sclerosis (ALS)

ALS onset
Total Bulbar Spinal Respiratory P value between each

Characteristics (h=153) (=400 (hn=102) (h=11) onset subgroup*
Sex (% male) 53.6 42.5 54.9 81.8 .06
Median age (y) 64.2 66.1 61.8 70.7 .001
Familiar (%) 5.2 10 3.9 0 247
Median time elapsed since symptom onset (mo) 30.8 21.6 35.4 32.3 .001
Median time elapsed since ALS diagnosis (mo) 16.1 9.1 20.9 1.6 .003
Riluzol (%) 778 775 775 81.8 946
Baclofen (%) 25.5 17.5 314 0 .031
Amitriptyline (%) 28.1 S5 18.6 9.1 <.001
Botulinum toxin (%) 9.8 25 4.9 0 .001
Noninvasive ventilation (%) 32 25 27.5 100 <.001

Oral feeding (%) 89.56 72.5 956.1 100 <.001

Tube feeding (%) 22.9 45 147 18.2 .001

*Chi-square test or Kruskal-Wallis test were used for statistical analyses.

adaptation to noninvasive ventilation. About 3% to
5% of ALS patients have a respiratory onset, report-
ing orthopnea or dyspnea and mild or even no spinal
or bulbar signs. Up to 10% of patients with ALS have
an affected relative and are thus considered to have
familial ALS.®

The role of the dentist in ALS disease is not yet
well defined. For example, one patient with ALS was
misdiagnosed as having a temporomandibular dis-
order (TMD) because she reported a decreased
mouth-opening range and pain on palpation of the
temporalis muscles.” In another clinical case, mas-
seter muscle spasticity was also described as a first
symptom of ALS.8 Recurrent jaw dislocation following
botulinum toxin treatment for sialorrhea has also been
reported.® Several treatments have been described to
improve dysarthria in ALS patients, including palatal lift
and palatal augmentation prostheses,'®'" and a special
oral appliance has been devised to decrease drooling
in a patient with a Class Il malocclusion.? In another
study, dental treatment with total intravenous (IV) an-
esthesia in an ALS patient was successful, although
the patient had a severe gag reflex and an impaired
airway protection reflex.'® Although oral health status
was not affected by ALS in a cohort of 37 Australian
patients,"* the study concluded that the dental profes-
sion should be a part of the multidisciplinary team for
the management of ALS patients. These patients’ oral
health could be maintained during the disease period
with minimal clinical intervention.®

Masticatory function includes a number of features,
such as bite force, mandibular mobility, and masticato-
ry performance.'®'” To the best of the authors’ knowl-
edge, no clinical study with a large sample has been
performed to assess alterations in the masticatory
system in patients with ALS. Information on this topic
would help in the preparation of guidelines for dentists
regarding the management of ALS patients and may
contribute to improving patients’ comfort.

The main aim of the present cross-sectional con-
trolled study was to determine the effect of ALS on
aspects of masticatory function, including mandibular
range of motion, bite force, and prevalence of TMD.
The study also aimed to assess the relationship be-
tween ALS and the prevalence of traumatic mucosal
lesions caused by oral self-injury. Additionally, poten-
tial differences between bulbar- and spinal-onset pa-
tients were explored. The working hypothesis was that
patients affected by ALS would have lower bite force,
a reduced mandibular range of motion, a higher preva-
lence of TMD, and a higher incidence of traumatic mu-
cosal ulcers due to self-injury than healthy subjects.

Materials and Methods

Participants

Between April 2015 and September 2016, patients di-
agnosed with ALS according to the revised El Escorial
diagnostic criteria'® and attending the Motor Neuron
Disease Unit of the Bellvitge University Hospital were
invited to participate in this cross-sectional study.
Patients who could not be evaluated because of their
clinical condition were excluded. The control group
included 23 participants recruited from families or
caregivers of ALS patients and other age- and gen-
der-matched subjects. The nature of the study was ex-
plained in full to all the participants, and all signed an
informed consent form approved by Bellvitge University
Hospital Ethics Committee (Code PR260/15). All ex-
periments were carried out in accordance with the
principles of the Helsinki Declaration.

ALS-Related Characteristics

Patients were routinely evaluated by the ALS unit
neurology team. Chronologic variables registered
were date of onset, time to diagnosis, and time to
evaluation. Demographics on sex, age, and family
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history were also registered, and a phenotypic clas-
sification was performed according to the site of on-
set (bulbar, spinal, or respiratory). Medication, use of
mechanical ventilation, and gastrostomy were also
registered (Table 1).

Assessment of TMD

All participants were examined and interviewed by
the same trained dental clinician and answered the
symptoms questionnaire of the Diagnostic Criteria
for TMD (DC/TMD) protocol.”® The clinical examina-
tion included the measurement of maximum opening,
protrusion, and laterotrusion; palpation and auscul-
tation of the temporomandibular joints (TMJs); and
palpation of the masticatory muscles.'®?' Following
the DC/TMD algorithms, all subjects were defined as
non-TMD or assigned to one of the four subgroups
(myalgia, arthralgia, TMD-related headache, or disc
displacement). Multiple diagnoses were possible.

Questionnaire

Participants were also assessed by means of a ques-
tionnaire about awareness of clenching/grinding,
jaw blocking, and presence of cramps in the mas-
ticatory muscles (with dichotomous no/yes answers
for all three questions). Self-injury to the tongue, lips,
or cheeks was also assessed and rated on a 5-point
Likert scale (never, yearly, monthly, weekly, or daily)
and was considered clinically relevant if the partic-
ipant answered either weekly or daily. Finally, the
information from this questionnaire was used to de-
termine whether participants might be candidates for
receiving oral treatment to manage these oral-related
problems (no/yes).

Clinical Examination

Overbite was measured according to the DC/TMD
protocol.”® Briefly, a horizontal pencil mark was
placed on the buccal surface of the right mandibular
central incisor in relation to the maxillary antagonist
incisor while the posterior teeth were in the maximum
intercuspal position.?? To measure both maximum
unassisted and maximum active mouth opening, the
interincisal distance between the maxillary and man-
dibular reference teeth (the same as the ones used
to measure the overbite) was measured after asking
the participants to open as wide as they could, even
if it was painful. To measure the maximum assisted or
maximum passive mouth opening, participants were
asked to open as wide as they could, and the oper-
ator pushed the mouth open further using moderate
pressure. Afterwards, the interincisal distance be-
tween the maxillary and mandibular reference teeth
(the same as the ones used to measure the overbite)
was measured. Right and left laterotrusion were mea-
sured by taking into account the midline discrepancy,
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and protrusion was assessed by adding the overjet to
correct the amount of movement.?’

Bite and Grip Force Measurements

A bite-force transducer (gnathodynamometer) cal-
ibrated with loads from 0 to 1,200 N was used to
measure unilateral maximum bite force between
the second premolars or the first molars on both
sides.?%24 Bite force was measured three times with
the order changed for each side, and the highest
value was selected for analysis. The finger-thumb
grip force of each hand was measured in a similar
manner using the bite-force transducer.?®

Statistical Analyses

The normal distribution fit of the data was tested by
means of the Kolmogorov-Smirnov test. Comparisons
between patient and control groups were performed
using Mann-Whitney U test or chi-square test, as
appropriate. Comparisons between bulbar-, spinal-,
and respiratory-onset groups and the control group
were performed using Kruskal-Wallis H test and
chi-square test, as appropriate. Spearman rank cor-
relation coefficients were calculated in order to eval-
uate the bivariate correlations between quantitative
parameters. Statistical analysis was performed using
the SPSS program (IBM SPSS Statistics, version
23.0.0.2), and P < .05 was considered significant.

Results

This study included 153 patients (median age 64
years; 46% women) and 23 controls (median age 52
years; 56% women). Among the patients with ALS,
onset was bulbar in 26%, spinal in 67%, and respi-
ratory in 7% (Table 1). Only 5.2% of these patients
had a hereditary component. The median time from
symptom onset to exploration was 30.8 months, and
the median time since diagnosis was 16.1 months.
The medications prescribed were riluzol (77.8%), ba-
clofen (25.5%), amitriptyline (28.1%), and botulinum
toxin (9.8%). Almost a third (32%) of the ALS patients
received noninvasive ventilation, while 11% needed
supplemental tube feeding, 77% had normal eating
habits, and 12% had either probe or oral feeding.
Participants’ perceptions of alterations in the mas-
ticatory system are shown in Table 2. Although ALS
patients did not report clenching or grinding their teeth
or suffering cramps more frequently than controls,
they reported more limitations in mouth movement and
more sialorrhea, especially those with bulbar onset
(P < .001; chi-square). Oral self-injury due to biting
was reported more frequently in the ALS group than
in the control group (P < .001; chi-square) and by
those with bulbar onset more than those with spinal
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Table 2 Comparison Between ALS Patients and Control Group of Participants’ Perceptions of

Alterations in the Masticatory System

ALS onset P value: P value:
Control Patient vs Control vs
Total Bulbar Spinal  Respiratory  group control each onset
h=153) (h=40) (h=102) (h=11) (h =23) group* subgroup*
Grinding or clenching (%) 51.0 60.0 51.0 18.2 65.2 2 .053
Cramps (%) 2.7 2.7 3.0 0 0 44 .8
Limitations in mouth movement (%) 37.3 70.0 28.4 0 0 <.001 <.001
Sialorrhea (%) 44.4 85.0 31.0 18.2 4.3 <.001 <.001
Total self-injury/oral lesions (%) 29.9 55.0 20.8 18.2 8.7 .03 <.001
Self-injury tongue (%) 13.6 27.5 7.8 18.2 0 .06 .002
Self-injury lip (%) 12.2 15.0 1.5 9.1 4.3 .26 .63
Self-injury cheek (%) 17.0 36.0 11.6 0 4.3 12 .001
Seeking oral treatment (%) 9.8 20.0 6.9 0 0 12 .016

*Chi-square test used for statistical analyses.

Table 3 Comparison Between ALS Patients and Control Group of Temporomandibular Disorder

(TMD) Diagnoses, Mandibular Movements, and Muscular Force

ALS onset P value: P value:
Control Patientvs Control vs
Total Bulbar Spinal Respiratory  group control  each onset
(h=153) (h=40) h=102) (=11) (h=23) group subgroup*
TMD
Myalgia (%) 9.2 10.0 8.8 9.1 17.4 .29 .68
Arthralgia (%) 5.9 7.5 5.9 0 0 .23 49
TMD-related headache (%) 0.7 0 1.0 0 4.3 12 44
Disc displacement (%) 25.5 17.5 304 9.1 39.1 A7 192
Mandibular movement
Median maximum unassisted opening (mm) 440 42.5 46.0 43.0 50.0 .001 <.001
Median maximum assisted opening (mm) ~ 46.5 445 48.0 46.0 53.0 <.001 <.001
Median difference between assisted and 2.0 2.5 2.0 2.0 2.0 .69 .23
unassisted maximum opening (mm)
Limited mouth opening (%) 20.3 40 14.7 0 4.3 .07 <.001
Median maximum right laterotrusion (mm) 6.0 5.0 6.0 8.0 8.0 .02 .005
Median maximum left laterotrusion (mm) 6.0 5.5 6.0 6.0 8.0 <.001 <.001
Median maximum protrusion (mm) 6.0 4.0 7.0 6.0 8.0 .001 < .001
Muscular force
Median maximum bite force (N) 237 198 256 274 346 <.001 <.001
Median finger-thumb grip force (N) 22.6 41.2 16.7 22.6 75.5 <.001 <.001

*Chi-square test or Kruskal-Wallis test used for statistical analyses.

or respiratory onset (P < .05; chi-square). The most
frequently injured sites were the tongue and cheeks,
and 35% of bulbar-onset patients reported self-injury
due to biting the cheek daily or weekly. Ten percent of
ALS patients were candidates for oral treatment relat-
ed to their ALS. Among the patients with bulbar on-
set, 20% sought oral treatment, compared with only
6.9% of spinal-onset patients (P = .02, chi-square).
The proportions of participants with TMD ac-
cording to DC/TMD subgroup are shown in Table
3. There was no relationship between the diagnosis
of any TMD group and ALS (P > .05, chi-square),
nor between arthralgia and feeding via gastric tube
(P > .05, chi-square). Maximum unassisted and as-
sisted mouth opening, protrusion, and left laterotru-
sion were significantly reduced in the spinal-onset

group compared to the control group (P < .05,
Mann-Whitney) and also in the bulbar-onset group
compared to the spinal-onset group (P < .05, Mann
Whitney). In the bulbar-onset group, 40% had limited
unassisted mouth opening (ie, < 40 mm), and both
finger-thumb grip and bite force were significantly re-
duced in bulbar-onset patients compared to the con-
trol group (P < .001, Mann Whitney). In spinal-onset
patients, only finger-thumb grip force was signifi-
cantly reduced compared to the bulbar-onset group
(P < .05, Mann Whitney); however, whereas the
scores of bulbar-onset patients for finger-thumb grip
and bite forces were nearly 50% of those recorded
by control subjects, the scores of spinal-onset pa-
tients were 22% (finger force) and 74% (bite force)
with respect to normal control scores.
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Fig 1 Box plot of maximum bite force comparison between
feeding groups. NS = not significant. *P < .05. **P < .01.
***P < .001. Kruskal-Wallis test and pairwise comparisons were
used for statistical analyses.

Fig 2 Box plot of maximum unassisted mouth opening comparison
between feeding groups. NS = not significant. ***P < .001.
Kruskal-Wallis test and pairwise comparisons were used for
statistical analyses.

Table 4 Spearman Correlation Coefficients Between Variables Related to Maximum Range of

Mandibular Movement or Maximum Muscular Force

unAMO  AMO RL LL Protrusion Bite force Finger force
Unassisted mouth opening 1
Assisted mouth opening .966** 1
Right laterotrusion 278* 293" 1
Left laterotrusion 400 431 44 1
Protrusion A462* AB6™*  443** 488" 1
Bite force 217+ 218**  .809** .244* .362** 1
Finger-thumb grip force .260™* 273 066 074 .086 079 1

**Correlation significant at P < .01 level (2-tailed test). unAMO = unassisted mouth opening; AMO = assisted mouth opening; RL = right laterotrusion;

LL = left laterotrusion.

Comparisons between type of feeding for ALS
patients and control subjects for mandibular force
and mouth opening, respectively, are shown in Figs
1 and 2. ALS patients with gastrostomy had a sig-
nificant reduction in maximum bite force and in man-
dibular opening compared to control subjects. ALS
patients with tube feeding only (n = 16) had the
greatest reduction in maximum bite force and man-
dibular opening.

The Spearman correlation coefficients between
variables related to mandibular movement or muscu-
lar force are shown in Table 4. All variables related
to mandibular movement and bite force were signifi-
cantly correlated with each other (P < .01, Spearman
correlation). Although maximum finger-thumb grip
force was correlated with maximum mouth opening,
it was not correlated with bite force.

88 Volume 32, Number 1,2018

Discussion

The results of the present study suggest that approx-
imately 10% of ALS patients are candidates for oral
treatment specifically because of their disease. The
chief complaint of the majority of these patients was
traumatic lesions in the lips, cheeks, or tongue due
to self-biting. To the authors’ knowledge, this is the
first large study demonstrating such a high rate of
oral self-biting injuries, especially in bulbar-onset pa-
tients. Customized oral appliances or acrylic splints
and mouthguards have been used in other cases of
oral self-injury®®; however, prospective studies are
needed to assess the efficacy, side effects, and tech-
nical complications of an oral appliance for managing
alterations in the masticatory system in ALS patients.
This study supports a multidisciplinary approach to
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the management of ALS patients, and the dentist
should be an integral part of the management team to
help treat the negative effects of ALS on the stomato-
gnathic system.'*'°

Maximum mandibular movement and bite force
were both significantly reduced in ALS patients
regardless of type of onset, and both aspects of
masticatory function were significantly correlated.
Moreover, the greatest reduction was observed in
bulbar-onset ALS patients, especially those with
tube feeding only. Whereas the relative amount of
muscular force reduction in bulbar-onset patients
was similar for finger-thumb grip and bite force, in
spinal-onset patients, the relative reduction was
three times higher for finger force than for bite force.
This result is expected due to the limb muscle weak-
ness that characterizes this type of patient. A reduc-
tion in mouth opening may hinder oral hygiene and
also perhaps the efficacy of noninvasive ventilation.
Therefore, in order to minimize these complications
and before indicating gastric tube feeding, especial-
ly in bulbar-onset patients, a physiotherapy program
comprising active exercises could be applied to slow
down the reduction in mouth opening. The relation-
ship between mouth opening and efficacy of nonin-
vasive ventilation could be the focus of new research
in a prospective study.

No differences in TMD prevalence were detect-
ed in ALS patients compared to the control group
or compared to general or geriatric populations.?”28
As ALS patients report arthralgia in joints with weak
musculature,?® they might also be expected to suffer
TMJ arthralgia. Some ALS patients did not use the
Jaw to eat because they were feeding via a gastric
tube; however, these patients did not report arthralgia
in the TMJ probably because they still used mastica-
tory muscles for functions besides chewing, such as
clenching.

The 153 ALS patients who participated in the
present study represent approximately 30% of all
ALS patients diagnosed in Catalonia, which has a
population of some 7,500,000 inhabitants.® The clin-
ical characteristics of this patient group were con-
sistent with the results of other studies, such as the
distribution of ALS site of onset,*° the percentage of
the hereditary component,®" the male/female ratio
(regardless of the site of onset), the differentiation
between bulbar and spinal onset,®>3? and the time
elapsed since the first symptom or the time since
diagnosis.®® Therefore, this sample was highly rep-
resentative of the population, which is one of the
strengths of the present study. The small sample size
of the control group and the method of recruitment
are considered study limitations; however, although
most of the control group came from the families of
the patients and were slightly younger, the range of

Riera-Punet et al

mandibular motion and the prevalence of TMD in the
control group were consistent with data from the gen-
eral population and from elderly subjects reported in
other studies.?”?® Another limitation was the lack of
attempt to correlate masticatory system measures
with ALS functional rating scale scores.

Conclusions

The ALS patients in the present study showed re-
ductions in both bite force and finger-thumb grip
force. The reduction was twice as large for the finger
force than for the bite force. The maximum range of
mandibular movement (mouth opening, protrusion,
and laterotrusion) was also reduced in the ALS pa-
tients, especially in bulbar-onset phenotypes. The
prevalence of TMD in the ALS patients was similar to
that in the control subjects and consistent with that
in general population studies. The ALS patients had
more traumatic mucosal injury than controls, espe-
cially in the tongue and cheek. The dentist should be
an integral part of the multidisciplinary team in order
to improve the comfort of ALS patients.
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