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Abstract.

Open bite (OB) is a common malocclusion in individuals with orofacial dysfunction and syndromes, especially in neuromus-
cular diseases.

Objectives: The objectives were to explore the prevalence of OB in myotonic dystrophy type 1 (DM1) and Duchenne
muscular dystrophy (DMD) and to create and compare orofacial dysfunction profiles.

Methods: In this database study, 143 individuals with DM1 and 99 with DMD were included. The Mun-H-Center ques-
tionnaire and observation chart were used together with the Nordic Orofacial Test — Screening (NOT-S) to create orofacial
dysfunction profiles. OB was categorised as: lateral (LOB); anterior (AOB); severe anterior (AOBs); or both types of anterior
OB (AOBTy). Descriptive and multivariate statistics were used to compare the OB prevalence and to study associations with
orofacial variables, respectively.

Results: There was a statistically significant difference in OB prevalence between the DM1 (37%) and DMD (49%) groups
(»=0.048). LOB was seen in< 1% of DM1 and 18% of DMD. LOB was associated with macroglossia and closed mouth
posture, AOB with hypotonic lips, and open mouth posture and AOBg with hypotonic jaw muscles. The orofacial dysfunction
profiles showed similar patterns, although the mean NOT-S total scores for DM1 and DMD were 4.2 + 2.8 (median 4.0,
min-max 1-8) and 2.3 2.0 (median 2.0, min-max 0-8), respectively.

Limitations: The two groups were not age- or gender-matched.

Conclusion: OB malocclusion is common in patients with DM1 and DMD and is associated with different types of orofacial
dysfunction. This study highlights the need for multi-disciplinary assessments to support tailored treatment strategies that
improve or sustain orofacial functions.
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INTRODUCTION

Open bite (OB) is one of the most common
malocclusions in patients with orofacial dysfunc-
tion (OD) and syndromes [1], and in patients with
intellectual and developmental disabilities [2, 3].
Weak orofacial muscles, anterior positioning of the
tongue, mouth breathing, and open mouth posture
(OMP) are common findings in patients with open
bites [4, 5]. Myotonic dystrophy type 1 (DM1) and
Duchenne muscular dystrophy (DMD) are progres-
sive myopathies in which malocclusion, particularly
lateral and anterior open bites, are common [6]
Although both diseases result in muscle weakness,
they differ with respect to pathogenetic mechanisms,
course of the disease and clinical expression.

DM1 is a rare, inherited, autosomal-dominant dis-
ease caused by a trinucleotide repeat (CTG) in the
DMPK-gene on chromosome 19q (19q13.3), which
codes for the myosin kinase expressed in skele-
tal muscle. DM1 affects 13—19/100 000 inhabitants
in Sweden [7]. The classification of the disease is
based on the age at onset and severity of symptoms,
dividing them into four main subgroups: congen-
ital, childhood, adult, and late onset. The pattern
with which the orofacial muscles are affected often
gives individuals with DM1 a characteristic facial
appearance. Ptosis of the eyelids, open mouth at
rest, hypotonic lips (HL), and weak jaw-elevating
muscles are common facial traits [8]. The tongue
has been found to be less affected than the other
orofacial muscles in patients with DM1 [9]. The
craniofacial morphology of patients with DM1 is
characterised by a retrognathic profile, large gonial
angle, and a steep mandibular plane with a long lower-
facial height [10]. Young patients with congenital
or childhood onset DM1 display an altered cranio-
facial morphology already at an early stage, which
does not seem to improve during growth [11]. Mal-
occlusions are common in both children and adults
and previous studies have reported cases of class
II occlusion, class III occlusion, anterior open bite
and lateral cross-bite [10, 11]. One theory that has
been proposed to explain this appearance is that an
open mouth posture with the mandible and tongue
in a lowered position allows over-eruption of the
posterior teeth, as well as stretching of the facial
muscles, creating an imbalance between the intra-oral
and extra-oral pressures [10]. Although orthodontic
treatment in combination with orthognathic surgery
often can correct severe malocclusions, the muscu-
lar imbalance and weakness may interfere negatively

with the long-term stability of the treatment result
[12-14].

Duchenne Muscular dystrophy is a rare X-linked,
inherited, recessive disease involving a mutation in
the dystrophin gene (Xp21.2) that affects 7/100,000
male inhabitants [15]. Dystrophin is an intracellu-
lar muscle fibre protein, the function of which is
to stabilise the muscle membrane during contrac-
tion. The mutation in the dystrophin gene causes
the encoded protein to be dysfunctional, resulting in
breakdown of the cellular membrane, muscle atro-
phy, and replacement of the muscle with fat and
fibrous tissue [16]. Different treatment strategies,
such as corticosteroids, have been shown to pro-
long the ambulatory stage, quality of life, and life
expectancy of individuals with DMD [16, 17]. The
continuous replacement of muscle fibres with adipose
tissue leads to hypertrophy of the tongue, sometimes
resulting in macroglossia [18]. The cheeks appear full
due to the side-effects of corticosteroid treatment, and
possibly also due to tissue replacement with fat. The
orofacial dysfunction coincides with deterioration of
the general health of the patients with DMD [19]. A
previous study has found that the jaw muscles start
to diminish 2 years prior to the perioral muscles [20].
Another report has described how the muscles of the
submental group and the tongue are affected only in
the late non-ambulatory stage of DMD [18]. Several
studies have noted a tendency towards a skeletal class
III pattern in patients with DMD over time [19, 21].
One study has shown that the maxillary plane angle
(NL/NSL) is larger than normal, while the anterior
upper face height (NSp) is smaller, as compared with
unaffected controls [21]. Most individuals with DMD
develop a dentoalveolar malocclusion. DMD patients
often present with an increase in width of both den-
tal arches, and especially in the lower posterior part,
resulting in cross-bite, lateral open bite or anterior
open bite [6, 19, 21-23]. The increased tongue hyper-
trophy can lead to not only malocclusion, but also a
reduced number of occlusal contacts, which affects
masticatory function [24].

Groups that are affected by aknown genetic disease
are considered as a well-defined population that can
contribute to the design of medical models that aim to
develop personalised medicine or targeted therapeu-
tic strategies. By studying the relationship between
phenotype and genotype, we can learn more about
what influences and regulates typical development.
More importantly, this allows us to define the pre-
disposition to disease or symptoms, so that we can
offer timely and targeted prevention or treatment [25].
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The aims of this study were to explore the open bite
prevalence rates in DM1 and DMD and the relation-
ship to orofacial function, and to create and compare
orofacial dysfunction profiles for the two cohorts.

SUBJECTS AND METHODS

This database study of two cohorts was based
on data collected from the MHC (Mun-H-Center,
National Orofacial Resource Centre for Rare Dis-
ease) database in Gothenburg, Sweden. This database
was created in 1996 to collect data on orofacial
function and oral health in Swedish patients with
rare diseases. The participants were assessed using
a standardised chart and questionnaire used in sev-
eral publications [26-30]. Data from the period
1996-2019 were used in this study. In total, 143 indi-
viduals with genetically verified DM1 (71 women,
72 men; mean age, 20.1 = 13.1 years; median age,
16 years; range 3-64 years,) were identified and
included. The DM1 group consisted of 116 subjects
with the congenital or childhood-onset form and 27
with the adult form of the disease. Ninety-nine indi-
viduals with DMD (99 men; mean age, 13.8 +7.6
years; median, 13 years, range, 3—48 years) were
also included. Four individuals in the DM1 group had
received orthodontic treatment, and one had also had
orthognathic surgery prior to the dental examination.
The orthodontic treatment result in these individ-
uals had to some extent or completely relapsed,
which is the reason for inclusion. In the DMD
group, only one patient had been treated orthodon-
tically. The subjects were referred to the MHC
National Orofacial Resource Centre for Rare Dis-
eases, participated in the Agrenska National Centre
of Competence for Rare Diseases family programme
or were recruited to participate in research projects for
neuromuscular disorders. Informed consent was pro-
vided by all the participants or their caregivers prior to
participation.

Clinical examination

All patients were examined in a clinical setting
in a dental chair or wheelchair. A dental mirror,
examination probe and a ruler were used for the
examination. Each participant was assessed by a
dentist and speech-language pathologist together. In
total, there were 17 examiners, 14 dentists and 3
speech-language pathologists performing the assess-
ments in this sample. A manual with consensus-based

definitions of the clinical variables included in the
examination protocol was used. The examiners were
continuously calibrated through regular meetings.

Main outcome measures

The MHC observation chart and questionnaire [1]
were used to assess malocclusion, as well as clin-
ical orofacial variables. The presence of open bite
was categorised as lateral open bite (LOB), anterior
open bite (AOB), or severe anterior open bite with
molar contacts only (AOBg) (Fig 1, a-c). AOBTy (or
AOB(T)) was used to summarise the anterior open
bites in total (AOB+AOBg). The sagittal relation (Cl
I, C1 II, CI III), high or narrow palate, along with
space anomalies were also registered.

The clinical orofacial variables selected in this
study were those occurring in > 10% of the patients
in either group. The occurrence of tonsillar hyper-
trophy and the use of ventilators were variables that
were added from the MHC questionnaire due to their
reported influences on craniofacial and dentoalveolar
development [31, 32].

Occurrence of clinical orofacial variables
(yes/no):

Open mouth posture (OMP)

Hypotonia of the lips (HL)

Hypotonia of the tongue (HT)

Impaired tongue mobility (ITM)

Hypotonia of the jaw muscles (HIM)
Mentalis muscle hyperactivity (MMH)
Reduced mouth opening capacity (RMO)
Macroglossia (MG)

The occurrence of tonsillar hypertrophy (TH)
The use of ventilators (Vent)

The Nordic Orofacial test — Screening (NOT-S)
[33] was used to assess orofacial function and to
create orofacial dysfunction profiles for each group.
NOT-S is a reliable and validated test that contains a
structured Interview part and Examination part [33].
Caregivers assisted the participants when needed dur-
ing the interview part. The test comprises 12 domains
(six in the Interview part and six in the Examination
part), with one to five items in each domain. There is
a maximum of one score per domain and a high total
score (maximum, 12) reflects a high degree of oro-
facial dysfunction. Children (>5 years of age) with
typical development have a mean dysfunction score
of <2 [34]. NOT-S was developed in 2007 and was not
part of the data collection for the MHC database until
2013. NOT-S was performed on 40 individuals with
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Fig. 2. PCA (Principal Component Analysis) Score Scatter Plot. The scatter plot provides a graphical overview of all the obtained data with
each point corresponding to one individual. The PCA score shows trends and diversity within the sample as well as detect outliers. In this
dataset where both groups are combined, the outliers reveal those individuals with a very high or very low NOT-S score. There were also
more outliers in the DM1 group. The green colour represents the group with Myotonic dystrophy type 1, and the blue colour Duchenne

muscular dystrophy.

DM1 and 53 with DMD. The DM1 group consisted of
34 individuals with the congenital or childhood form
and 6 with the adult form of DM 1. The mean age for
the DM1 group was 21.2 years (+14.6) and that for
the DMD group was 12.9 years (£7.7).

The domains in the Interview part of NOT-S were:
I, Sensory; II, Breathing; III, Habits; IV, Chewing
and swallowing; V, Drooling; and VI, Dry mouth.
The domains in the Examination part were: 1, Face
at rest; 2, Nose breathing; 3, Facial expression; 4,
Masticatory muscles and jaw function; 5, Oral motor
function; and 6, Speech.

Statistics

The data were analysed using the Statistical Pack-
age for the Social Sciences (SPSS Statistics 22). The
level of significance was set at p <0.05. Descriptive
statistics were used for the prevalence of open bite
categories and clinical orofacial variables in the two
groups. A statistical non-parametric test (Spearman’s
rank correlation coefficient) was used for correlations
and comparisons between the groups and to correlate
the clinical variables to the open bite categories of

AOB and AOBg respectively. The two groups, DM1
and DMD, were combined in the multivariate data
analysis.

Multivariate data analysis (MVA) was performed
using the SIMCA-P software ver.13 (Umetrics AB,
Umed, Sweden). PCA (Principal Component Anal-
ysis) was carried out to get an overview of the
data. Hotelling’s T2, corresponding to a multivari-
ate generalisation of the 95% confidence interval,
was utilised to identify outliers (Fig. 2). OPLS-
DA (Orthogonal Projections to Latent Structures —
Discriminant Analysis) was used for pattern recog-
nition across two matrices. In the present study, the
X-variables (predictor variables) comprised all the
selected clinical variables, and Y represented the out-
come variables AOBty/no AOBt, (named AOB(T)
in the figure), LOB/no LOB (Fig. 3a-b). The cumula-
tive projections result in the formation of the model
where the variables are plotted along the orthogo-
nal axis. Variable importance in the projection (VIP)
involves a ranking of the original variables accord-
ing to their individual contributions to the model.
VIP was used to summarise the importance of the
predictors in the Y matrix, where VIP > 1 indicates
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Fig. 3. a-b Orthogonal projections to latent structures (OPLS-DA) Loading Scatter Plot. The loading graph is plotted against the outcome
variable. The two groups, myotonic dystrophy type 1 and Duchenne muscular dystrophy, are combined (N =242) in this multivariate analysis.
The scatter plot gives a visual overview of how each independent predictor variable is associated to the outcome variable as well as to the
other predictors. The horizontal separation of the data-points (between group-variation) is determined by the colours of their VIP values.
The variable importance in the projection (VIP) summarises the importance of the predictors in the Y matrix (within-group variation), where
VIP > 1 indicates that the predictor variables are influential in explaining the outcome variables. The R2 and Q2 values present the goodness
of fit and predictability of the original model, respectively. In panel a) on the left-hand x-axis the outcome variable corresponds to not having
a lateral open bite [LOB(0)], and on the right-hand x-axis a lateral open bite is present [LOB(1)]. In panel b) on the right-hand x-axis the
outcome variable corresponds to not having any of the anterior open bite types [AOBT,(0)] and on the left-hand x-axis, all of the anterior

open bite types are present [AOBTo(1)].

that the predictor variables are influential in explain-
ing the response variables. The quality of the MVA
was assessed based on the following parameters:
R2X, i.e., how well the variation of the Y-variable is
explained by the model, the goodness of fit; and Q2,
i.e., how well the variable can be predicted by the

model, the goodness of prediction [35]. The result
from an MVA model can provide a statistical anal-
ysis and an overview of data that incorporates the
inter-dependency between variables that occur in a
biological system, rather than evaluating each vari-
able in isolation.
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Reliability test

Krippendorff’s alpha (o) coefficient was used [36]
to estimate the inter-rater reliability. All available data
were used from the assessments of 16 patients (not
part of this sample) carried out by 8 of the 14 den-
tists. The results showed a variation in reliability. The
occlusal variables presented a strong inter-rater reli-
ability (open bite a=1,000, Angle class I a=0.894,
Angle class IT a=1.000, Angle class III «a=0.845). The
orofacial variables displayed poorer inter-rater relia-
bility, varying from moderate (OMP «=0.788, HL
a=0.743) to low (HPal a=0.691) to very low (NPal
a=0.453, HIM a=0.120).

Ethical considerations

The study was approved by the Ethics Committee
at The Sahlgrenska Academy, University of Gothen-
burg, and by the Swedish Data Inspection Board (Dnr:
3041-95, 544-11).

RESULTS

Prevalence of open bite

There was a small but significant difference in
open bite prevalence between the DM1 (37%) and
DMD (49%) groups (p=0.048). In the DM1 group,
AOBT, was seen in 36% of cases, with one-third
of these being severe. AOB was as common in the
congenital/childhood onset form as in the adult form,
whereas AOBg was twice as common in the congeni-
tal/childhood form (14% vs 7%). LOB was rare (1%)
in the DM1 group. In the DMD group, AOBT, was
26%, with one-third of these being severe. LOB was
seen in 18% of cases.

Orofacial dysfunction profiles and associations
with malocclusion

Open mouth posture (OMP) was the most common
clinical orofacial variable but did not correlate with
age in any of the groups. In the DM1 group, 79%
displayed OMP (congenital or childhood onset form,
83%; adult form, 63%), whereas in the DMD group
23% displayed OMP. Individuals <6 years (n=Xxx)
and over > 20 years (n=4) of age in the DMD group
had a higher prevalence of OMP, 50% and 36%,
respectively. The second most prevalent clinical vari-
able in DM1 was hypotonic lips (HL) (77%), whereas
in DMD it was macroglossia (23%). The respiratory

prerequisites were also similar between the groups.
Nine individuals (6%) in the DM1 group and eight in
the DMD group (8%) received respiratory support.
Tonsillar hypertrophy was found in four individuals
with DM1 (3%) and in one person with DMD (1%).

The dominant trends of the groups’ separation are
revealed in the data overview (Fig. 2). When observ-
ing the two diagnoses, there seems to be a similarity in
pattern but a difference in the spread of observations.
There are more outliers in the DM1 group (green
colour) than in the DMD group (blue colour). Closer
examination of these outliers reveals individuals with
very high or very low NOT-S scores.

LOB

For the subjects who displayed LOB, there was
a strong positive association with macroglossia
(Fig. 3a). This variable occurred mainly in the DMD
group. Individuals that presented with LOB were
all > 10 years old, however no association with age
was found in this sample. LOB was also nega-
tively associated with open mouth posture (OMP)
and hypotonic lips (HL). The predictive power of the
applied model for LOB was 62% (Q2=0.618252).

AOBrTy

Five clinical variables were identified as associated
with AOBT (Fig. 3b). Hypotonic lips (HL), open
mouth posture (OMP), hypotonic tongue (HT), class
IIT malocclusion (cIIIT) and spacing (Spac) were pos-
itively associated with AOBT, along with a negative
association to class I sagittal relation (clI). The pre-
dictive power of the applied model for AOBty was
51% (Q2=0.514512).

AOB and AOBg

AOB was significantly correlated to hypotonic lips
(HL) (r=0.316) and open mouth posture (OMP)
(r=0.243) and displayed a weak but significant neg-
ative correlation to age (r=-0.153). AOBg correlated
to hypotonic jaw muscles (HIM) (r=0.316).

NOT-S

The mean total NOT-S dysfunction score for DM 1
was 4.2 +£2.8 (median, 4.0; min-max,0-9) and for
DMD it was 2.3 +2.0 (median, 2.0; min-max, 0-8)
(Fig. 4). The DM1 group’s mean score for the inter-
view part was 1.53 (median 1.5; min-max, 0-6) and
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Fig. 4. Orofacial dysfunction profiles. Prevalence of orofacial dys-
functions in the DM1 (N=40) and DMD (N =53) groups in each
domain according to the Nordic Orofacial Test — Screening (NOT-
S). The two dysfunction profiles display a similar pattern. The DM 1
group presents the largest proportion of orofacial dysfunction in
almost all the domains, with the exception of the domain “Breath-
ing”. There was no significant difference between the two groups
in each part, respectively. The domains in the Interview part are: I,
Sensory; 11, Breathing; III, Habits; IV, Chewing and swallowing;
V, Drooling; and VI, Dry mouth. The domains in the Examination
part are: 1, Face at rest; 2, Nose breathing; 3, Facial expression;
4, Masticatory muscles and jaw function; 5, Oral motor function;
and 6, Speech.

for DMD the mean score was 1.26 (median, 1.0;
min-max; 0-4). The DM1 group’s mean score for the
examination part was 2.73 (median, 2.5; min-max,
0-6) while the DMD group scored 1.3 (medianl.0;
min-max; 0-5). There was no statistical difference
between the groups in the two parts, respectively.
The DM1 group had the largest proportion of oro-
facial dysfunction in almost all the domains, with
the exception of the domain “Breathing”, where
reported difficulties were more common in the DMD
group. The most prevalent orofacial dysfunctions
in the DM1 group were in the domains of “Facial
expression” (68%), “Speech” (56%), “Chewing and
swallowing” (51%), “Face at rest” (49%), and “Oral
motor function” (46%). The most-prevalent orofacial
dysfunctions in the DMD group were in the domains
of “Breathing” (36%), “Facial expression” (36%),
“Chewing and swallowing” (34%) and “Face at rest”
(30%). Both groups had no or very few subjects who
showed any sign of obstructed nose breathing.

DISCUSSION

Open bite was a frequent finding in individuals
with DM1 or DMD. LOB was especially common
in DMD and was associated with the presence of
macroglossia, closed mouth posture and not having
hypotonic lips. AOB was associated with open mouth
posture and hypotonic lips. AOBg was as common
in DMD as in the congenital or childhood form of

DMI and correlated to hypotonic jaw muscles The
orofacial dysfunction profiles derived from the NOT-
S were similar, although the DM1 group displayed
a larger proportion of dysfunctions, except for the
domains of “Breathing”, “Speech” and “Oral motor
function”.

The prevalence of AOBTty in this sample (33%)
was broadly in accordance with the prevalence
found in individuals with developmental disabilities
(39.85%) [3]. However, it was twice as high as the
reported global prevalence of AOB (16.52% in chil-
dren and adolescents aged 2—16 years) [37] and eight
times higher than that of Swedish school-children
(4%) [38]. In the adult global population, AOB is
4%, with the highest prevalence found in the African
population (8%) [39].

LOB was highly associated with macroglossia, in
combination with not having an open mouth posture
and not having hypotonic lips. The predictive vari-
ables correspond well with how the disease affects
the orofacial area in DMD. As the disease progresses
during adolescence, the usually presented orofacial
symptoms are diminishing strength of the jaw mus-
cles, together with an enlarged tongue. The muscle
function of the submental group, m. orbicularis oris,
and tongue mobility are often affected years later,
such that there is adequate lip strength to counteract
the tongue pressure anteriorly and, as a consequence,
sustain the incisor position This suggests that in order
to make space for the enlarged tongue and to secure
the airways, the dental arches need to make room and
expand transversally. Decreased extra-oral pressure
from the masseter muscles and increased intra-oral
pressure from the tongue may expand the arches, tip
the teeth buccally and open the bite laterally.

The orofacial dysfunction pattern of LOB differs
significantly from that of AOB. The factors associ-
ated with AOBT,; were hypotonic lips, open mouth
posture, hypotonic tongue, class III malocclusion and
spacing. Hypotonia of the orofacial muscles together
with open mouth posture are characteristic traits for
DM1, and especially for the childhood and congen-
ital forms. Tonsillar hypertrophy, mouth breathing,
and oral habits are well-known aetiological factors
in the development of anterior open bite [31, 40—
42]. As mentioned previously, in this sample with
DM1 and DMD, the prevalence of open bite is almost
eight times that of the general population. However,
the frequencies of occurrence of tonsillar hypertro-
phy, obstructed nose breathing and oral habits such
as non-nutritive sucking are very low. This means
that obstructed nose breathing, and oral habits do
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not explain the high prevalence of open bite in this
sample. Orofacial hypotonia or muscle weakness can
result in lowering of the mandible and inactive lips,
manifested as open mouth posture. The predictive
power (Q2) of the model was lower for AOBt, than
for LOB. The group with AOBT,; comprised individ-
uals with both DM1(N=51) and DMD (N =26), so it
was more heterogenic, whereas the group with LOB
almost solely consisted of individuals with DMD.
The difference in predictive power may be explained
by these two cohorts having different anterior open
bite aetiologies.

The results obtained for AOBt, support the find-
ings presented in a schematic model in 1989 [10],
where they compared the occlusal and craniofacial
features of DM1 to the concept of “adenoid facies”
[31, 40]. The aetiologies differ but the results of the
open mouth posture with a low tongue position can be
very similar, i.e., long face, posterior rotation of the
mandible, over-eruption of the posterior teeth creat-
ing high and narrow palatal vaults and anterior open
bites. Even though a posteriorly rotated mandible and
a convex profile are often present in DM1, the class
III molar relation was also correlated to AOBry.
When the mandible rotates posteriorly, the hypo-
tonic tongue may exert pressure in an anterior-inferior
direction due to gravity. The steeper the mandibular
plane becomes, the more anterior pressure is applied
by the tongue onto the lower incisors. This causes
the anterior part of the dental arch to protrude, and
gradually the posterior teeth follow, eventually devel-
oping into a class III molar relation. When the lower
lip decreases in tonicity and loses the ability to pre-
vent the incisors from proclining, spacing of the
lower incisors occurs, which was also associated with
AOBT. The increase in lower incisor proclination
over time has previously been observed in a cranio-
facial follow-up study of children with DM1, who are
also a part of this sample [11].

The less-severe category of anterior open bite
(AOB) was correlated to HL and OMP. Unlike indi-
viduals with LOB, the muscular imbalance between
the intra- and extra-oral pressures in AOB seems
to be mainly derived from hypotonia of the perio-
ral muscles rather than from an increase in intra-oral
pressure. The prevalence of AOB in DM1 was almost
the same in the congenital/childhood form as in the
adult form, although OMP and HL were more preva-
lent in the former. In a recent follow-up study of
malocclusion in DM1 [43], the authors found that
malocclusion was present already at an early age.
DMI1 patients had a higher prevalence of anterior

open bite, posterior cross-bite, and class III mal-
occlusions. Compared to controls, individuals with
DM1 (congenital or childhood form) presented with
a high palatal vault, smaller upper and lower inter-
molar, and inter-canine widths, which continued to
decrease over time [43]. The participants in that study
(N=26) are also part of this sample. A craniofa-
cial follow-up study on the same sample revealed a
hyper-divergent facial morphology with an increased
mandibular plane angle and a larger inter-maxillary
angle that was already present in early adolescence
and that remained unchanged over a 5-year period
[11]. In comparison to another Swedish growth study
of typically developing individuals in the same age
group [44], the mean ANB angle was 3.4-times larger
and the inter-maxillary angle was 1.2-times larger at
baseline for the DM 1 sample. It seems likely that indi-
viduals with DM1 establish an altered craniofacial
and dentoalveolar morphology already early in life.
Case reports have described signs of facial hypotonia
in DM1 already in foetal life, with the characteristic
tent-shaped mouth appearing in ultrasound images
[45]. This suggests that craniofacial development is
influenced by low muscular activity from the very
beginning. In the current study, the group with adult
form DM1 exhibited more AOB than expected. This
may explain why AOB was the only category of open
bite that showed some correlation with age.

AOBg correlated strongly to hypotonia of the
jaw muscles. Weakness of the jaw elevator mus-
cles has long been one of the explanatory factors for
dolichofacial type development [46, 47]. This ties in
with a low position of the mandible, allowing more-
extensive over-eruption of the teeth, together with
posterior rotation of the mandible. The prevalence
of AOBg in this study was the same for DM1 as for
DMD, although it was twice as common in the child-
hood/congenital form as in the adult form of DM1. In
individuals with DMD and AOBg, only one-third had
hypotonic jaw muscles and one-third had open mouth
posture. In addition, only half of the group with DMD
and AOBg presented with macroglossia. This could
mean that more variables need to be considered in the
prediction of severe open bite in cases of DMD. Neck
instability, for example, is a common finding in DMD
[48], and it can be expected to affect head posture
(head tilted posteriorly) and, consequently, mouth
posture. Scoliosis is another possible factor that can
influence posture and function. The NOT-S domain
of “Breathing” revealed a high proportion of dysfunc-
tion in DMD and was not part of the MVA. Breathing
difficulties may influence head posture, mouth pos-
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ture, and tongue placement, which may interfere with
chewing and swallowing.

The NOT-S was performed on participants exam-
ined after 2013 and adds functional difficulties from
an objective as well as subjective aspect. Not only
does it clarify which orofacial functions that needs
further assessment, but it also elucidates on group
level in which functional domain these individuals
might need early intervention or adjustments in daily
life. Comparing the two groups and their dysfunc-
tion profiles is challenging due to the differences in
age and the progressive natures of DM1 and DMD.
However, these orofacial dysfunction profiles are
in agreement with those seen in previous research
and clinical experience [9, 49-51]. Difficulties with
facial expressions, chewing and swallowing and open
mouth posture, with or without tongue protrusion,
are common features in both DM1 and DMD. In
DM1, speech problems and oral motor problems were
seen in more than half of the participants, whereas in
DMD less than one-quarter of the participants had
such difficulties. The DMD group reported breathing
difficulties (36%) as their most common dysfunc-
tion domain, although only 13% received assisted
ventilatory support and none of the participants had
difficulties with obstructed nose breathing. It is likely
that their breathing difficulties mainly derive from
weak respiratory muscles and scoliosis rather than
from any obstruction of the airways.

A multi-disciplinary team is necessary to pro-
vide different perspectives and create a more-
comprehensive picture. Identifying cause-and-effect
relationships in this type of complex situation is dif-
ficult and requires probing the field and looking for
patterns. Multivariate analysis (MVA) allows one to
study the relationships between variables in their
context and to quantify the relationship between vari-
ables. The advantage of MVA includes the ability
to acquire a more-realistic picture than looking at a
single variable. Open bite development is in many
cases not caused by one single factor. Several intrin-
sic as well as extrinsic causes have been described in
the orthodontic literature over the years. These fac-
tors may be strongly or partly under genetic control
which makes it complex to study a causal genotype
- phenotype relationship. It may be possible in the
future to use this approach to look for patterns or clus-
ters of genetic variables within this association and
determine the risk for severe malocclusion in certain
groups. Besides targeted medical treatment to slow
down the progression rate of the disease, early inter-
ventions of low-intensity oral motor training [52] as

well as orthodontic treatment may be important tools.
This might prevent severe malocclusion and orofacial
dysfunction and improve quality of life for this patient
group. This study contributes by describing and com-
paring the orofacial phenotypes in two large cohorts
of DM1 and DMD in relation to open bite malocclu-
sion. It uses a multi-disciplinary approach to enhance
our understanding of the intricate linkages between
orofacial function and open bite development.

Limitations

The studied groups were not matched for gender
or age, so as to be able to use all the available data.
The time of onset of symptoms and course of the
disease differ both between the groups and within
each group. The mean age and median age are lower
in the subjects in the DMD group than in the DM1
group. However, DMD progresses more rapidly than
DMI1. Currently, treatment of DMD with corticos-
teroids (and in some cases, also with gene therapy)
decreases the severity of symptoms and prolongs the
ambulatory stage [53]. Some of the participants were
examined almost 20 years ago at a time when this
treatment was not as widely available. This means
that they might show more severe orofacial dysfunc-
tion in relation to age. Both age distribution and
difference in progression of the disease are important
factors that may affect the difference in the NOT-S
dysfunction score. The skewness of the age distribu-
tion and the nominal outcome measurements may be
the explanation why age was not associated to open
bite development in our multivariate model when the
two cohorts were combined. As the DM1 group con-
sisted of adults with the adult form of the disease, they
were less-affected in terms of orofacial function than
the rest of the group, however the variability was high.
They still presented with a high prevalence of ante-
rior open bite (AOB). Only 7 % (n=2) of the adults
in DM presented with the severe form of open bite
(AOBy). The reason for this variation in phenotype
can be several. It is reported though, that in general,
many symptoms occur earlier when CTG-repeats are
longer, although there is an extreme variation is seen
across individuals and even within specific tissues.
There are several biomarkers that have been investi-
gated but still no definitive relationships between the
phenotype and levels of DNA methylation, expansion
size, age-at-onset have yet been found [54].

The low alpha-value obtained for some variables
may be negatively influenced by several factors. First,
arelatively small sample was used. Second, the man-
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ual that describes how to assess HIM and palatal
dimensions was unclear at that point in time; it has
been revised and improved subsequently. Third, there
is a lack of adequate quantitative measures of muscle
tone, and the existing tools are not suited to orofa-
cial muscles. Dentists are often not as experienced
as speech-language pathologists in assessing muscle
tone. In the current study, all assessments were made
through consensus agreement between a dentist and
a speech-language pathologist, which strengthens the
reliability of the study.

Cross-bite is also a common malocclusion in
DMI1 and DMD. This variable was not used in the
MHC Observation chart until recently. Instead, we
included the variable “narrow palate (NP)”, which
is more difficult to assess without quantitative mea-
surements. This is unfortunate since it is reasonable to
assume that we would have found a strong association
between cross-bite and open bite in this study.

CONCLUSION

Open bite malocclusion is a common finding in
patients with DM1 or DMD but is associated with
different characteristics. The factors that are most fre-
quently associated with open bite in DM1 and DMD
are orofacial hypotonia and macroglossia, respec-
tively. The frequency of orofacial dysfunction was
higher in patients with DM1 than in patients with
DMD, although the dysfunction profiles were similar.
This study highlights the need for multi-disciplinary
assessments and interventions to improve or sus-
tain orofacial functionality and to create a favourable
environment for occlusal development in individuals
with DM1 and DMD.
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