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CASE REPORT
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Abstract
Aims: The present historical case report aims to characterize the long-term oro-
facial repercussions of amyotrophic lateral sclerosis (ALS), a rare neurodegener-
ative disease with poor prognosis and relatively short life expectancy following
initial diagnosis.
Methods:Here we focus on the long-term orofacial evolution seen in the exam-
ple of Stephen Hawking, one of the greatest personalities in the scientific world,
using publicly-available photographic documentation. The fact that Stephen
Hawking lived several decades following his diagnosis of ALS presents one with
a unique opportunity to characterize and follow-up the evolution of the ALS on
the orofacial sphere. Through this article, we want to show him and his family,
and all those living with this disease, our deepest respect, without intending in
any way to intrude or misuse the privacy of the late universally-respected astro-
physicist.
Results: Photographic documentation analyzed longitudinally shows changes
towards the development of a Class III malocclusion, lower incisor protrusion,
and a concave profile. Moreover, tooth wear has occurred, accompanied by pos-
terior tooth loss and aberrant tongue and lip posture.
Conclusion: The causes of such changes remain speculative but could be due to
changes in the soft tissue equilibrium, changes in head and tongue posture, loss
of oral function, respiratory needs, and a general deterioration of dental health.
Our sincere thanks to the Hawking family who took the time to read the article
and approve its publication for scientific and educational purposes. We are also
deeply grateful to them for providing uswith some photographs from their family
collection.
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1 INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a degenerative and
progressive disease of the lower and upper motor neurons
making it one of the most devastating neurodegenerative
diseases. It affectsmotor neurons in the primarymotor cor-
tex, cortico-spinal tract, brainstem and spinal cord result-
ing in loss of mobility followed by muscle atrophy.6,13,24
The disease results in a selective loss of function of lower
or upper motor neurons and is classified into two cate-
gories: the spinal-onset form, which is the most common;
and the bulbar-onset form. The bulbar form has the least
favorable prognosis due to problems including dysphagia,
weight loss, and respiratory complications.21
The annual incidence of ALS is approximately 1–

2.6 cases per 100,000 people,21,23 and the prevalence
approaches 6/100,000.17,23 This rare disease commonly
manifests around 58–60 years of age.7,23 People with
this disease die most frequently from respiratory failure,
and this occurs within 30–36 months after the initial
diagnosis for 50% of patients. Of those who exceed this
threshold, most patients generally die within 5–10 years
post-diagnosis.5,6,17

1.1 Amyotrophic lateral sclerosis and
the orofacial sphere

Dysphagia is one of the most common symptoms associ-
ated with this condition.18 It results in weight loss, made
worse by chewing and psychological disorders, such as
depression. The decrease inmuscle strength also has reper-
cussions on the diet, with patients being led to favor soft or
crushed foods.3 In addition to the risk of aspiration, dys-
phagia causes food debris to persist in the mouth, which
can promote the development of caries and periodontal
disease.19 Dysphagia is usually preceded by dysarthria, a
speech disorder associated with alterations in the motor
pathways responsible for speech production.23 There is
hoarseness of the voice as well as problems with articula-
tion partly due to the increased rigidity of the tongue.18
Tongue abnormalities are estimated to occur in about

60% of patients, while the presence of a coating on the
tongue occurs in around 50% resulting in halitosis and
increased risk of pneumonia.1,18 Tongue atrophy, weak-
ness, as well as fasciculations of the tongue are frequently
found due to the involvement of the hypoglossal neurons.15
The tongue hollows out causing grooves and bumps on
its surface leading to difficulties in maintaining sufficient
oral hygiene.3 A Japanese study reports that macroglos-
sia is diagnosed in approximately 34% of patients undergo-
ing tracheostomywith invasive ventilation (TIV) and being
tube-fed. The affected patients had a significantly younger

age of onset, a longer total disease duration, a longer dura-
tion of TIV use, and a higher BMI than patients without
macroglossia.15 This enlargement sometimes causes the
tongue to protrude out of the oral cavity. An associated tris-
mus can also be found in these patients.15
With regard to trismus, negative correlations between

maximalmouth opening and the duration of the disease, as
well as betweenmaximal mouth opening and the duration
of invasive respiratory support have been demonstrated.18
The maximum mouth opening is reduced to an average of
20mm.20 Difficulties with protrusive and lateral mandibu-
lar movements are also often present,3 and maximal bite
force tends to decrease over time.21 Patients with ALS are
however not prone to clenching or grinding their teeth,21
although mucosal injuries can occur.
Sialorrhea can also occur, and this is seen predominantly

in patients with the bulbar form of ALS.21 This is seen as a
consequence of a decrease in the strength of the tongue and
perioral muscles, in addition to the reduction in swallow-
ing frequency resulting in an accumulation of saliva in the
oral cavity.3,4 Risks of sialorrhea include cheilitis, speech
problems, sleep disturbances, coughing, and an increased
risk of aspiration.16 Conversely, some patients can present
with xerostomia caused by polypharmacy and/or bymouth
breathing. Xerostomia can promote the development of
caries,11 induce nutritional problems by complicating the
formation of a quality bolus and swallowing, and cause
speech problems.3

1.2 Amyotrophic lateral sclerosis and
the potential development of
malocclusions

Although no specific studies have been carried out look-
ing at the development of malocclusions in individuals
with ALS, one can use existing data to speculate about the
potential changes.
Dental and orthodontic management of patients with

ALS is challenging, and tooth extraction is usually the
treatment of choice once problems arise, especially given
the short life expectancy following diagnosis. ALS poten-
tiates the development of periodontal pathologies,19 and
active periodontitis can also lead to dental displacement
and flaring and accelerate tooth loss.With the loss of teeth,
dental displacements are likely to occur resulting in mal-
occlusions, although once again the short life-expectancy
does not allow major changes to become apparent. The
main displacements following loss ofmolar antagonists are
tipping, rotation and extrusions.12
Several symptoms or consequences of ALS can lead

to an imbalance in the orofacial sphere. These differ-
ent phenomena are found in other diseases and can in
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F IGURE 1 Extraoral evolution of the face and profile of Stephen Hawking. From left to right and top to bottom: 1979 (37 years), 2008 (66
years), 2015 (73 years) 1985 (43 years), 2001 (59 years), and 2017 (75 years). The eyes and the base of the nose in each photograph have been
aligned and the magnification of the photographs standardized within reasonable limits. The source of each corresponding photograph can be
found in the appendix

particular be the cause of malocclusions. The examples
that follow have significant consequences if they develop
during growth. However, we support the hypothesis that
these repercussions could be found in advanced ALS,
although ALS manifests itself in adulthood.
For example, the main malocclusions found in people

with Duchenne muscular dystrophy are posterior cross-
bites as well as anterior or lateral openbites.2 Patients
with cerebral palsy, where the position of the head at rest
is affected, can also present with malocclusions. Patients
with a hyperextended head position can exhibit more fre-
quent changes such as a Class II malocclusion and a
decrease in the overbite and an increase in overjet.14
In the presence of macroglossia, a plausible conse-

quence ofALS, the balance dictated by the tongue, the peri-
oral musculature of the lips and cheeks is disturbed. This
phenomenon could be accentuated by atrophy of the facial
muscles. This imbalance can result in transverse problems
such as the appearance of posterior crossbites, interdental
spacing, proclination of the lower incisors or even the cre-
ation of lateral openbites due to the lateral forces exerted
on the lingual surfaces of the mandibular posterior teeth.2
Mouth breathing is often seen in patients with ALS. The

patient lowers the mandible and tongue and tilts the head
back to clear the upper airways.Maintaining these postural

changes long-term during growth can lead to an increase
in facial height as a consequence of the overeruption of
posterior teeth causing posterior rotation of the mandible,
potentially resulting in openbite and increased overjet. An
anterior position of the tongue at rest can also be respon-
sible for the creation of an anterior openbite. The increase
in pressure resulting from the stretching of the cheeksmay
also cause a decrease in the width of the maxillary arch.25

2 CASE REPORT AND DISCUSSION

The life of the lateworld-renowned astrophysicist, Stephen
Hawking, presents one with a unique opportunity to char-
acterize and follow-up the evolution of the ALS on the
orofacial sphere. Although the average life expectancy fol-
lowing the diagnosis of ALS is on average three to four
years,23 Stephen Hawking lived with the disease for more
than fifty years, and thus any effect of the disease on the
orofacial sphere would have had time to manifest itself.
The present historical case report aims to characterize the
different long-term repercussions of ALS on the orofacial
sphere using publicly-available photographic documenta-
tion of Stephen Hawking. We perform the present analy-
sis with the assumption that all photographic material is
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F IGURE 2 Dental evolution of Stephen Hawking, as witnessed through extraoral photographs, from his twenties to his late forties.
From left to right and top to bottom: 1965 (23 years), 1971 (29 years), 1975 (33 years), 1979 (37 years), 1986 (44 years), and 1989 (47 years). The
source of each corresponding photograph can be found in the appendix

authentic and has not succumbed to alterations using pho-
tographic manipulation software. All photographs used in
the present case report have been identified on the inter-
net and are used as is, without alterations, with the excep-
tion of photograph cropping and rotation. Only dated pho-
tographs are used and presented here, so as to be able to
evaluate them chronologically.

2.1 Extraoral evolution of the face and
profile (Figure 1)

All of the photographs seen in Figure 1 are under the
assumption that StephenHawking is at rest, probably with
light interocclusal contacts, corresponding to a situation
in the most stable position of the mandible.8 By analyzing

these photographs, one can see a gradual decrease in the
height of the lower third of the face, with a correspond-
ing loss of the vertical dimension with time. The estab-
lishment of a profile that becomes progressively more con-
cave with more apparent mandibular protrusion is also
observed, leading to greater exposure of the mandibular
and less exposure of the maxillary teeth.
These repercussions observed are most probably the

consequence of the loss of posterior teeth over the years
causing an anterior mandibular rotation and a consequent
vertical closure. More forward projection of the chin and
loss of vertical dimension is aggravated, initially by the loss
of the maxillary posterior teeth followed by the loss of the
maxillary anterior teeth at the end of his life, resulting in
moremandibular anterior rotation. This rotation, also seen
in the elderly, is probably accelerated and accentuated by
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F IGURE 3 Dental evolution of Stephen Hawking, as witnessed through extraoral photographs, from his early fifties to his early sixties.
From left to right and top to bottom: 1992 (50 years), 1995 (53 years), 1997 (55 years), 1999 (57 years), 2002 (60 years), and 2004 (62 years). The
source of each corresponding photograph can be found in the appendix

the weakness of the facial musculature caused by muscle
atrophy. The profile of his lower lip and the exposure of
themandibular incisors around the age of 73 years suggests
that these teeth have proclined.

2.2 Intraoral dental evolution (Figures 2
and 4)

The first picture (Figure 2), taken at the age of 23, two years
after the diagnosis of ALS, most likely an unusual form of
spinal-onset in its initial presentation, is used as the base-
line picture,where it can be assumed that his intraoral situ-
ation had not yet been significantly affected by the disease.
Gingival health seems to be maintained and the maxillary

anterior teeth are relatively well aligned within the arch.
There is complete exposure of the upper central incisors,
accompanied by a slight gummy smile. Overjet and over-
bite appear to be within the normal range.
From the age of 29 onwards, soon after the prescription

of a wheelchair for mobility,10 we can notice the presence
of gingivitis which becomes more severe over time. In the
third image (Figure 2), we can see the presence of dental
staining which may testify difficulties in maintaining suf-
ficient oral hygiene. In his early forties, Stephen Hawking
had to have a tracheostomywhichwas accompanied by the
loss of the ability to speak.10 This event probably had a sig-
nificant impact on his dental maintenance.
The difficulty in maintaining good oral hygiene quickly

results in the onset of caries, possibly accompanied by
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F IGURE 4 Dental evolution of Stephen Hawking, as witnessed through extraoral photographs, from his mid-sixties to his
mid-seventies. From left to right and top to bottom: 2006 (64 years), 2008 (66 years), 2011 (69 years), 2013 (71 years), 2015 (73 years), and 2017
(75 years). The source of each corresponding photograph can be found in the appendix

periodontal problems. The presence of caries is also per-
haps evident since the age of 30, especially on teeth num-
ber 22 and 23 which were likely restored several times
throughout his life. At the age of 57 years, the presence of
maxillary anterior restorations is evident, probably using
fixed prostheses. The use of a removable prosthesis would
probably not be recommended due to the aspiration risk.
The tooth number 13 seems to have been lost at the age
of 62 years, suggesting also the loss of additional posterior
teeth in the first quadrant.
Moving on to his seventies, it can be assumed that

unfortunately only the mandibular anterior restorations
remained intact. Bridgework or perhaps implants may
have been undertaken towards the end of his life as at
the age of 75 there seem to be more teeth than a few

years earlier. These treatments may have primarily had an
aesthetic purpose since there was a loss of oral function.
Caries and periodontal problems do not seem to be

the only factors responsible for all of his restorations.
Effectively from the age of 29 a decrease in the clinical
crown height of the maxillary incisors is seen. The incisal
edges and the embrasures seem reduced compared to
the previous image, suggesting loss of tooth substance.
This loss is progressive and appears to be due to attrition.
Although erosion cannot be ruled out, we did not find
any evidence linking ALS with gastroesophageal reflux
disease or bruxism.
Moving on to his early fifties (Figure 3), the maxillary

anterior teeth show an inverted incisal edge curvature due
probably to progressive loss of substance, as well as to
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the effects of the protruding tongue witnessed in these
photographs. Tongue protrusion to clear the upper airway
combined with a buccal acidic environment, are likely to
be at the origin of this phenomenon.22
The disturbance of the muscular balance of the orofa-

cial sphere accompanied by the loss of several teeth can
be responsible for dental displacement. Around the age of
30, mandibular anterior crowding seems to have occurred,
with the proclination of one of the lower incisors. The
crowding worsens with time and overjet also seems to
decrease. This may be related to mandibular anterior rota-
tion, which was evidenced on the extraoral photographs,
and perhaps related to the loss of the posterior dentition
and changes in muscular balance and the position of the
tongue.
During his mid to late sixties, the apparent loss of the

maxillary anterior teeth is observed. This loss of maxillary
anterior and posterior teeth results in the increased
mandibular rotation, loss of the vertical dimension, and
the upper lip trap which is habitually seen behind the
mandibular incisors. Proclination of the mandibular
anterior teeth is also visible, perhaps due to this lip trap as
well as tongue posture.

3 CONCLUSION

The present historical case report supports the idea that
ALS may be responsible for the long-term development
of malocclusions. Many factors seem to have come into
play, including tooth loss, loss of oral function, muscular
imbalance, tongue posturing, changes in head posture
and respiratory requirements. It remains to be determined
with certainty which factors are more important in the
development of these malocclusions. Unlike other degen-
erative diseases, such as Duchenne muscular dystrophy,
ALS usually develops in adulthood. Therefore, with active
growth already having been completed, there is less
potential for the negative consequences of the disease in
the development of orthodontic problems.2 Finally, com-
promised oral health can have serious consequences for
the well-being of patients already severely affected by the
primary symptoms of the disease. It seems understandable
that for the patients and their caregivers, oral hygiene may
not be a priority. However, we advocate that it is essential
to maintain a healthy oral situation in order to preserve
an optimal quality of life.
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