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RESUME
___________________________________________________________________________

Les effets de la Dystrophie Musculaire de Duchenne (DMD) sur la sphère oro-faciale ont été
étudiés chez 16 patients et 16 sujets sains. La force masticatrice était plus basse pour les
patients atteints de DMD, probablement du à l’atteinte progressive de la structure interne des
muscles par la maladie. Une différence temporelle dans le début de l’atteinte de la
musculature masséterine et de l’orbiculaire des lèvres semble donner un déséquilibre entre les
forces orales. Ceci, combiné à l’augmentation de la taille de la langue, peut expliquer la
survenue de malocclusions telles que des béances antérieures et latérales, un overjet diminué
ainsi qu’une occlusion croisée postérieure due à un développement transversal
disproportionné de l’arcade inférieure. A terme, ces malocclusions d’origine dentaire plutôt
que squelettique peuvent fortement diminuer la capacité masticatoire chez ces patients dont
l’espérance de vie augmente avec l’amélioration de la prise en charge médicale.
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PREFACE
___________________________________________________________________________

Cette thèse de doctorat se base sur les publications originales suivantes :

I.

Oral functional characteristics in Duchenne muscular dystrophy
Botteron S, Morel-Verdebout C, Jeannet P-Y, Kiliaridis S.
(submitted)

II.

Dentofacial characteristics of growing patients with Duchenne
muscular dystrophy: a morphological study
Morel-Verdebout C, Botteron S, Kiliaridis S
European Journal of Orthodontics (accepted for publication)
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1 TEXTE DE SYNTHESE RESUME (en français)
___________________________________________________________________________

1.1 Introduction
La Dystrophie Musclulaire de Duchenne (DMD) fut décrite pour la première fois à la
fin du 19ème siècle par Guillaume Benjamin Amand Duchenne. La DMD est la forme la plus
courante de dystrophie musculaire. Elle se caractérise par une asthénie et une atrophie des
fibres musculaires progressant des membres inférieurs et affectant progressivement tout le
corps. La maladie conduit le patient vers un décès précoce. La DMD est une maladie
neuromusculaire récessive causée par l’absence de la dystrophine, une protéine de la
membrane du sarcolème, encodée par un gène sur le bras court du chromosome X en position
p21-2. La prévalence est de 1 nouveau-né mâle sur 3'500 (Jennekens et al. 1991, Onimus et al.
1999). Une atteinte est détectée cliniquement vers 3,5 ans, mais en général les parents
s’aperçoivent d’un retard moteur bien plus tôt (Fowler 1982). Electromyographie et la biopsie
musculaire permettent de confirmer le diagnostic. A partir de l’âge de 7-8 ans, la progression
de la maladie s’accélère : la faiblesse s’accentue, le patient se déplace en chaise roulante à
partir de 10-12 ans avec une perte de l’utilisation des membres supérieurs et le développement
d’une scoliose (Onimus et al. 1999). La maladie finit par atteindre la musculature cardiaque et
respiratoire. De nos jours les patients atteignent la trentaine grâce aux amélioration du support
médical (Fardeau 2005).
Les soins sont surtout palliatifs et se concentrent sur l’assistance à mobilité et à la
respiration ainsi qu’à la prévention de la scoliose. Des études ont montré que la chirurgie
préventive (Goertzen et al. 1995) et la prednisolone (Kinali et al. 2002, Mendell et al. 1989,
Yilmaz et al. 2004) pouvaient améliorer le confort des patients et même retarder l’arrêt de la
marche. Par contre, le recours à l’exercice physique reste controversé (Ansved 2003, Grange
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& Call 2007). Les remèdes du futur viendront certainement de la thérapie génique (Tran et al.
2007).
La Dystrophie Musclulaire de Duchenne influence négativement la fonction orofaciale (Willig et al. 1994). La force de mastication maximale ainsi que l’ouverture maximale
sont significativement inférieures chez ces patients (Ueki et al. 2007). L’incompétence
labiale, la respiration buccale, la macroglossie et l’interposition linguale se retrouvent souvent
chez les patients atteints (Symons et al. 2002). La maladie progresse avec l’âge et il est très
probable que la fonction oro-faciale fasse de même. Il y a une variation dans la progression de
la maladie parmi les différents groupes musculaires (Emery 2002) mais aucune étude ne s’est
intéressée à découvrir quand commençait la détérioration dans les muscles impliqués dans la
fonction oro-faciale. De plus, nous ne savons pas si cette détérioration de la fonction orofaciale coincide avec celle d’autres groupes musculaires ailleurs dans le corps.

La fonction musculaire influence la croissance squelettique en général et par
extension, la croissance du squelette facial (Kiliaridis 1995). Chez l’homme, des aberrations
dentofaciales verticales ont été décrites chez des patients qui présentent une fonction
musculaire réduite comme celle trouvée dans la Dystrophie Myotonique (Kiliaridis et al.
1989). De même, il existe une grande prévalence de malocclusions chez les patients avec la
DMD. Parmi ces malocclusions on trouve des béances antérieures et des occlusions croisées
postérieures qui semblent être fortement liées à l’atteinte de la musculature oro-faciale dans
cette maladie (Eckardt & Harzer 1996, Kulkarni & Chandran 1995, Morimoto et al. 1981,
Stenvik & Storhaug 1986). Il n’y a pas, par contre, d’étude montrant si ces malocclusions
ainsi que leur degré de sévérité existent déjà depuis le plus jeune âge ou si elles apparaissent
progressivement plus tard. Il serait intéressant de déterminer à quel âge apparaissent les
malocclusions et de voir si leur émergence coïncide avec d’autres caractéristiques importantes
de la maladie.
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Ainsi, notre hypothèse était que la détérioration de la fonction oro-faciale et donc les
aberrations morphologiques dento-faciales seraient plus fréquentes chez les sujets plus âgés.

1.2 Buts
1) Etablir les effets de la DMD sur certains paramètres fonctionnels du complexe orofacial.
2) Enregistrer les caractéristiques dento-faciales dans la DMD.
3) Vérifier l’hypothèse que les possibles détériorations fonctionnelles et morphologiques
de la sphère oro-faciale puissent être relatées à l’âge (donc à la progression de la
maladie) ainsi qu’à la sévérité de l’atteinte musculaire telle qu’observée sur des
images ultrasonographiques du masséter.

1.3 Sujets et méthodes
Sujets
Seize patients sur un groupe de 24 patients (66.7%) atteints de DMD connus en Suisse
Romande et âgés de 6 à 20 ans (moyenne d’âge 11.7 ans) ont été comparés à un groupe
contrôle de 16 sujets sains du même âge.

Methodes
Questionnaire
Pour l’obtention d’information concernant la prise de médicaments, d’éventuelles opérations
subies, si une assistance respiratoire était nécessaire et si le patient ne marchait plus, depuis
combien de temps.
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A

Fonction oro-faciale et dysfunction temporo-mandibulaire
Palpation de l’articulation temporo-mandibulaire et des muscles de la mastication.
Enregistrement de l’ouverture buccale maximale (Engvall et al. 2007).
Force labiale
Enregistrement de la force labiale avec un bouton (diamètre: 2 cm) placé entre les lèvres et les
incisives et attaché à un dynamomètre. La force enregistrée correspond à la force maximale au
delà de laquelle les lèvres ne peuvent plus tenir le bouton (Ingervall & Janson 1981).
Force de mastication et force digitale
Les forces ont été mesurées avec une gauge de contrainte bilatéralement entre les premières
molaires permanentes supérieures (ou aussi distalement que possible si elles n’étaient pas
encore présentes) et entre le pouce et l’index de la main la plus forte (Kiliaridis et al. 1993).
Epaisseur masséter et évaluation de la qualité musculaire interne du masséter
L’épaisseur et l’échogénicité du muscle masseter ont été mesurées par ultrasons avec une
sonde de 8.5 megaHz (100 Falco, Pie Medical, the Netherlands). L’échogénicité donnant une
mesure indirecte de la qualité musculaire interne du masséter. Chaque muscle a été mesuré en
contraction et en relaxation mais seule la valeur en contraction a été utilisée pour l’épaisseur.
L’épaisseur était directement mesurée sur l’écran depuis le fascia externe du muscle masseter
jusqu’à la surface de l’os sous-jacent (Kiliaridis & Kalebo 1991). Pour la qualité musculaire
interne du masséter, les images ont été évaluées par un observateur expérimenté et un grade
de 0 à 3 a été donné à chaque image selon une modification de la méthode proposée par
Heckmatt (Heckmatt & Dubowitz 1985, Heckmatt et al. 1982) et adaptée au masséter
(Kiliaridis et al. 1995). Grade 0: tissue conjonctif peu défini et limites osseuse floues.
Grade 3 : Apparence musculaire et osseuse normale.
Index de capacité fonctionnelle du masséter
Afin d’estimer la capacité contractile du masséter, l’épaisseur du masséter a été multipliée par
le grade (0-3) donné pour la qualité musculaire interne du masséter.
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Analyse des moulages dentaires
Sagittalement: Overjet et classification d’Angle
Verticalement : Overbite et profondeur de la voûte palatine au niveau des 1ère molaires
définitives.
Profondeur et largeur des arcades : sur des photocopies calibrées.
Les valeurs des patients contrôles et DMD ont été comparées aux normes du même âge
(Moyers et al. 1976) afin d’éliminer l’influence de l’âge.
Analyse céphalométrique
Analyse céphalométrique sur des téléradiographies de profil (uniquement chez les patients
DMD) selon l’analyse de Bergen (Hasund 1977). Les résultats céphalométrique ont été
comparé aux normes du même âge (Riolo et al. 1974).

1.4 Résultats
Les neuf patients venus en chaise roulante avaient perdu la marche à un âge moyen de
8.3 ans. Six patients ont subi des opérations pour leur scoliose, six pour leur tendon d’Achille,
trois nécessitaient une assistance respiratoire et sept recevaient des corticostéroïdes.
Toutes les valeurs de forces étaient plus faibles pour les patients DMD. La force de
mastication et digitale étaient positivement corrélées avec l’âge pour les contrôles mais pas
pour les patients DMD. La force labiale n’a pas montré de corrélation avec l’âge pour les
deux groupes. Il existait une corrélation positive entre la force de mastication et la force
digitale chez les contrôles mais pas chez les patients DMD. L’ouverture buccale maximale
chez les patients DMD était plus petite que chez les contrôles.
L’épaisseur du masséter n’était pas significativement différente entre les deux
groupes. Pour chaque groupe il y avait une corrélation positive avec l’âge. La force de
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mastication montrait une correlation positive avec l’épaisseur du masséter pour les contrôles
mais aucune corrélation n’a été trouvée pour les patients DMD.
La grande majorité des contrôles avaient des grades pour la qualité musculaire interne
du masséter de 3. La majorité des patients DMD (surtout les plus âgés) avaient des grades de
0. La différence entre les deux groupes était significative. De plus, la force de mastication
était plus petite lorsque la qualité musculaire interne du masséter était faible.
L’analyse des moulages dentaires a montré une grande prévalence de malocclusions.
Chez les patients DMD il y avait plus de Cl III dentaire et une tendance à un overjet diminué,
ceci surtout chez les sujets plus âgés. Il y avait une plus grande prévalence de béances
antérieures et latérales ainsi que plus d’occlusions croisées postérieures chez les patients
DMD à cause d’un développement transversal disproportionnellement plus grand à l’arcade
inférieure. La profondeur de l’arcade inférieure était également significativement plus petite
chez les patients DMD.
Au niveau céphalométrique, les valeurs pour l’angle ANB et l’inclinaison des incisives
inférieures était plus petit chez les patients DMD. L’inclinaison du maxillaire comparée à la
base antérieure du crâne était plus grande chez les patients DMD. Les autres valeurs
céphalométriques ne montraient pas de différence comparées aux valeurs normales.

1.5 Discussion
L’écart dans les valeurs de force entre les deux groupes augmentait avec l’âge
indiquant une aggravation chez les patients DMD plus âgés. Le fait qu’il y avait une
corrélation positive entre la force de mastication et la force digitale chez les contrôles, mais
pas de corrélation chez les patients DMD pourrait découler d’une différence temporelle dans
le début de l’atteinte des 2 groupes musculaires. En effet, le masséter serait atteint 2 années
avant le muscle orbiculaire des lèvres (Eckardt & Harzer 1996) et la musculature distale des
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membres supérieures (doigts) serait d’avantage préservée par rapport à la musculature plus
proximale (Dowling et al. 2002). Le masséter semble être atteint approximativement à la
même période que la musculature des membres inférieurs puisque dans notre échantillon, la
qualité musculaire interne du masséter des 9 DMD qui ne marchaient plus était plus faible que
celle des 7 patients qui marchait toujours.
Dans notre étude, malgré une grande différence dans les valeurs de force entre les 2
groupes, l’épaisseur du masséter ne montrait pas de différences significatives. Ceci peut
s’expliquer par le fait que les éléments contractiles dans la DMD sont progressivement
remplacés par du tissu adipeux et conjonctif (Heckmatt & Dubowitz 1985, Heckmatt et al.
1982). Ainsi, la force musculaire diminue sans qu’il n’y ait une diminution de l’épaisseur
musculaire et il peut même y avoir, au contraire, une augmentation de cette épaisseur comme
celle trouvée dans 3 de nos sujets.
Nous avons trouvé une nette tendance vers des valeurs basse pour la qualité
musculaire interne du masséter chez les patients DMD plus âgés. Ceci s’explique par une
atténuation du signal ultrasonographique par le tissu adipeux et conjonctif donnant une
image floue, avec des limites peu distinguables de l’os sous-jacent.
En ce qui concerne la morphologie dento-faciale, nos résultats sur la dimension
antéropostérieure sont en accord avec ceux d’autres études qui confirment l’apparition d’un
overjet diminué ainsi qu’une tendance vers une Cl III dentaire dans la DMD (Eckardt &
Harzer 1996, Ertük & Dogan 1991, Matsumoto et al. 2002).
Les béances antérieures et latérales étaient plus fréquentes chez les patients plus âgés.
Squelettiquement, mise à part la plus grande inclinaison du maxillaire en relation avec la base
antérieure du crâne, aucune autre valeur verticale sortait des normes.
L’inclinaison du maxillaire peut être attribuée au remodelage palatin provoqué par un
volume lingual augmenté et influençant plus spécifiquement la partie postérieure du
maxillaire.
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Transversalement, l’occlusion croisée postérieure était surtout due à un augmentation
exagérée de la largeur de l’arcade inférieure.
La différence temporelle dans le début de l’atteinte de la musculature masséterine et
de l’orbiculaire des lèvres peut donner un déséquilibre entre les forces antérieures et latérales.
Ceci combiné à l’augmentation de la taille de la langue peut expliquer l’augmentation
transversale disproportionnellement plus grande de l’arcade inférieure comparée à l’arcade
supérieure (crossbite postérieur), la vestibulo-version des dents postérieures et l’apparition
des béances antérieures et surtout latérales (Matsumoto et al. 2002, Symons et al. 2002, Willig
et al. 1994). Il est intéressant de noter que dans notre étude, les valeurs commencent à
diverger des normes entre l’âge de 7 et 10 ans.
La détérioration progressive de la fonction oro-faciale influence possiblement la
croissance dento-faciale donnant ainsi une augmentation des malocclusions avec l’âge (Morel
Verdebout et al. 2007). Le développement de béances antérieures et latérales diminue le
nombre de dents en occlusion, diminuant fortement la capacité masticatoire chez ces patients.
Il semblerait donc qu’il serait nécessaire de commencer un traitement orthodontique préventif
pour éviter la détérioration de la position des dents. Le meilleur moment pour débuter un tel
traitement serait environ en même temps que la perte de la marche puisque cette période
correspond au moment auquel apparaissent les malocclusions.

1.6 Conclusion
La Dystrophie Musclulaire de Duchenne affecte la function oro-faciale. Toutes les valeurs de
forces était plus basse pour les patients DMD par rapport aux contrôles. La détérioration de la
fonction était plus sévère chez les patients plus âgés. La détérioration dans la qualité
musculaire interne du masséter, visible sur les images ultrasonographiques, explique, au
moins en partie, les valeurs de force plus basse chez les patients DMD. Les patients DMD
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présentaient une grande prévalence de béances antérieures et latérales avec un overjet diminué
et une occlusion croisée postérieure due à l’élargissement postérieur de l’arcade dentaire
inférieure. Les déviations dento-alvéolaires étaient aussi en relation avec l’âge puisqu’elles
étaient plus fréquentes chez les individus plus âgés. Aucune déviation verticale squelettique
notable n’a été trouvée dans ce groupe de patient. La détérioration de la fonction oro-faciale
chez les patients atteints de DMD mène à d’importantes malocclusions. La compréhension de
la fonction oro-faciale devient donc de plus en plus importante puisque l’espérance de vie de
ces patients augmente grâce à une meilleure prise en charge médicale.
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2 TEXTE DE SYNTHESE COMPLET (en anglais)
___________________________________________________________________________

2.1 Introduction
2.1.1 Definition, pathophysiology and incidence of DMD
Duchenne Muscular Dystrophy (DMD) otherwise known as Pseudohypertrophic
muscular dystrophy or Progressive Muscular Dystrophy was first described by the french
physician Guillaume Benjamin Armand Duchenne. In 1861 he described a boy with the form
of muscular dystrophy that now bears his name in his book "Paraplégie hypertrophique de
l'enfance de cause cérébrale." In 1868 he gave an account of 13 affected children under the
designation "paralysie musculaire pseudohypertrophique." DMD is the most common form of
muscular dystrophy. It is characterized by rapidly progressive muscular weakness and atrophy
starting in the lower limbs and later affecting the whole body. The disease inevitably leads to
early death. DMD is a recessive neuromuscular disease caused by an absence of the protein
dystrophin whose gene is on the short arm of the X chromosome in the p21-2 position and has
a prevalence of one male newborn in 3'500 (Jennekens et al. 1991, Onimus et al. 1999).
Women can be carriers of the disease but usually exhibit no symptoms. Two-thirds of DMD
incidences are caused by genetic inheritance from the mother, while the rest are caused by
deletions of one or many exons in the dystrophin gene. Although there is no clear correlation
found between the extent of the deletion and the severity of the disorder, DMD deletions
usually result in frameshifts (Elhawary et al. 2004, Prior et al. 1997).

2.1.2 Diagnosis, evolution and management of DMD
The disease is detected clinically at an average age of 3.5 years, but in the majority of cases,
parents recognize an earlier delay in motor function (Fowler 1982). The most distinctive
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feature of Duchenne muscular dystrophy is a progressive proximal muscular dystrophy with
characteristic pseudohypertrophy of the calves as well as a weakness of the pelvifemoral
muscles resulting in a clinical pathognomonic peculiarity, namely the Gowers sign. This sign
describes the standing up from a sitting position by first flexing the trunk at the hips, then by
putting the hands on the knees and finally by pushing the trunk upward by placing the hands
upon the thighs. The laboratory exams usually reveal a high, non-specific elevation of the
blood levels of creatine kinase (CK), related to the muscular breakdown, whereas the
electromyography and muscle biopsy allow for a definitive diagnosis. From the age of 7-8
years, the progression of the disease is dramatic: weakness progresses, the patient becomes
wheelchair-bound at an age of 10-12 years with a subsequent loss of muscle strength in the
upper limbs and the development of scoliosis (Onimus et al. 1999). Finally, the disease affects
the heart and respiratory muscles. Subjects nowadays reach the age of 25 or even 30 thanks to
increased medical support (Fardeau 2005).
The management of DMD is largely symptomatic: providing assistance devices for walking,
prevention of scoliosis, and respiratory aid. Surgical procedures such as resection of the
tensor fasciae latae muscle, and a lengthening of the tendo calcaneus at an early age are
suggested in order to prevent severe contractures and to delay the progression of scoliosis
(Goertzen et al. 1995). Physiotherapy is required to make the most of declining muscles and
to help prevent contractures as well as to help respiration. But inappropriate activity may
exacerbate the dystrophic process and great care should be taken to determine potential
exercise load thresholds to avoid injury (Ansved 2003, Grange & Call 2007). Studies have
shown that the use of the corticosteroid Prednisolone have prolonged the ability to walk,
(Kinali et al. 2002, Mendell et al. 1989, Yilmaz et al. 2004) but the mechanism of action is
unknown. Short term, low-dose treatment with prednisolone has been found to increase
muscular strength, physical performance, pulmonary function and significantly slow the
progression of weakness (Beenakker et al. 2005). On the other hand, side effects such as
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weight gain and facial cushingoid changes have been reported (Moxley et al. 2005). Gene
therapy may possibly have a role in the future. Gene replacement with dystrophin minigenes
is being investigated in animal models (Tran et al. 2007) and very recently, a new chemical
entity, PTC124, has been shown to promote dystrophin production in primary muscle cells
expressing dystrophin nonsense alleles (Welch et al. 2007).

2.1.3 DMD and orofacial function
Lip incompetence, mouth breathing, macroglossia and tongue thrusting are among the
most common anomalies found in DMD patients (Symons et al. 2002), which can result in a
more or less severe impairment of the orofacial functions, such as difficulties in the pre-oral
phase of swallowing (Willig et al. 1994). The worsening of this impairment usually parallels
the inexorable progression of the disease. Moreover, the maximum bite force and mouth
opening distance in these patients are significantly lower than those in controls. As the disease
progresses with the age of the individuals this may also progressively influence orofacial
function. There is a difference in the progression of the disease when comparing various
muscle groups (Emery 2002) but no studies have attempted to determine the onset of the
deterioration in the different muscles involved in orofacial function and whether the onset
coincides with that of other muscle groups elsewhere in the body.

2.1.4 DMD and orofacial morphology
During post-natal growth, bones continue their modelling process to maintain a form
that is appropriate to their biomechanical function. Muscle function exerts an influence on
skeletal growth and also on the facial skeleton (Kiliaridis 1995). In humans, vertical
dentofacial aberrations have been found in patients with reduced muscle function, as can be
found in myotonic dystrophy (Kiliaridis et al. 1989). Similarly, a high prevalence of
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malocclusions was found in DMD patients, such as anterior openbites and posterior
crossbites, which appear to be strongly related to the involvement of the orofacial muscles in
the disease (Eckardt & Harzer 1996, Kulkarni & Chandran 1995, Morimoto et al. 1981,
Stenvik & Storhaug 1986). However, there have not been any reports indicating whether these
malocclusions and their degree of severity already exist from an early age or whether they
appear progressively later. It would be of great interest to determine at what age
malocclusions appear and whether their emergence coincides with other important
characteristics of the disease.

The hypothesis tested in this study is that in children and adolescents suffering from
DMD, the deterioration of oro-facial functional parameters and dentofacial aberrations may
show a higher frequency and severity in the older children.

2.2 Aim
1) To establish the effects of DMD on certain functional parameters of the orofacial
complex.
2) To record dentofacial characteristics in DMD.
3) To verify the hypothesis that the possible deteriorations in function and dentofacial
characteristics can be related to the age of the patient, thus to the progression of the
disease as well as to the severity of the muscular involvement as observed on
ultrasonographic images of the masseter muscle.
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2.3 Subject and methods
2.3.1 Subjects
From a group of 24 DMD patients followed at the University hospitals of Geneva and
Lausanne aged between 6 and 20 years old, 16 patients with a mean age of 11.7 years (s.d.
3.7, range 6-20) gave their informed consent according to the requirements of ethical
committees of both universities. Two of the patients showed mild mental retardation.
A control group of 16 healthy male children was constituted among subjects seen during their
annual scholar dental screening organized by the dental school. These subjects were
consecutively chosen, had no orthodontic treatment in progress and were matched for age
with the DMD patients. They also gave their informed consent and had the same
examinations as DMD patients, meeting the requirements of the ethical committees. The
mean age of the control group was 11.9 year (s.d. 4.0, range 6-20).

2.3.2 Methods
Questionnaire
All subjects and their parents were interviewed in order to obtain information concerning the
use of corticosteroids and previous operations (scoliosis or calcaneal tendon). DMD patients
were asked whether they needed respiratory assistance, whether they needed a wheelchair and
if so, when they had lost the ability to walk.

Oral function and temporomandibular dysfunction
The temporomandibular joint was palpated bilaterally in all the subjects and sounds and pain
during mandibular movements were recorded. The masseter and temporal muscles were
palpated for tenderness. The presence of a sign was recorded as: 1, the absence as: 0. Maximal
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mouth opening was also measured at the central incisors with a digital calliper (Fino, Bad
Bocklet, Germany) taking overbite into account (Engvall et al. 2007).

Labial force
Labial force was measured using a button with a diameter of two centimetres attached to a
dynamometer. (Figure 1) The subjects were seated with their head in a natural position; the
button was placed behind the lips and gently pulled outwards. Labial force was determined as
the maximum force of resistance above which the lips could no longer hold back the button.
This measurement was repeated 3 times and the largest force was used (Ingervall & Janson
1981).

Figure 1. Dynamometer for labial force measurements

Bite force and finger force
Four force measurements were performed: left and right
posterior bite force, anterior bite force and finger (pinch) force.
Left and right posterior bite forces were pooled together as
posterior bite force. Measurements were made using a custom
made strain gauge covered with a rubber protection with a total
thickness of 15mm. (Figure 2) A custom made program was
written using Labview (Labview 6i, National Instruments, Texas,
USA) in order to visualize and save the results. The strain gauge
was alternatively placed between the first molars (or as
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Figure 2. Strain gauge for bite
force and finger force
measurements

posteriorly as possible for younger subjects) on each side, between the central incisors and
between the thumb and index of the patient’s strongest hand. The examiner maintained the
strain gauge in a fixed position and the subject was asked to bite or pinch as hard as possible.
The strain gauge was reset in between each measurement. Each measurement was repeated
three times and the largest values were used (Kiliaridis et al. 1993).

Masseter thickness and evaluation of internal masseter muscle structure quality
Masseter muscle thickness and echogeneity were measured ultrasonographically with a
transducer of 8.5 megaHz (100 Falco, Pie Medical, the Netherlands). The echogeneity was
used to obtain a quantitative evaluation of the internal masseter muscle structure quality. Two
images were taken by the same experienced examiner on each side during clenching and
relaxation giving a total of 8 measurements. Thickness was measured directly on the screen
using an inbuilt measuring tool and was determined as the distance in millimetres from the
outer fascia of the masseter muscle to the underlying bone surface according to the method of
Kiliaridis and Kalebo (Kiliaridis & Kalebo 1991). (Figure 3a and 3b) The measurement site
was the thickest part of the masseter close to the level of the occlusal plane, halfway between
the zygomatic arch and the gonial angle, approximately at the centre of the mediolateral
distance of the ramus. Conducting gel was used and minimal pressure was applied on the skin
surface to avoid deformation by compression. For masseter thickness, values obtained during
clenching were used. Internal masseter muscle structure quality was evaluated by visualizing
all 8 images of the same subject. In normal muscle tissue the tendinous structures and fasciae
are well defined, there is a strongly increased intramuscular echo intensity and the bone echo
of the ramus is sharply visible. A four-point grading scale from 0 to 3 based on Heckmatt’s
criteria (Heckmatt & Dubowitz 1985, Heckmatt et al. 1982) and adapted to the masseter
muscle (Kiliaridis et al. 1995) was used to measure this echogeneity. Grade 0 for ill-defined
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A

tendinous structures and fasciae, low echo intensity and poorly visible bone surface through to
grade 3 for normal muscle and bone appearance. (Figure 3)

A

A
B

B

a

b

Figure 3. Ultrasonographic images for the measurement of masseter muscle echogeneity and thickness.
Echogeneity: Figure 3a: Grade 0 (altered internal muscle structure), Figure 3b: Grade 3 (normal internal muscle
structure). Thickness: dotted line from the outer fascia (A) to the underlying bone surface (B).

Masseter Functional Capacity Index (MFCI)
To estimate the masseter’s contraction capacity, the clenching thickness (mm) of the muscle
was multiplied by the grade (0-3) given for the internal structure quality of the same muscle.

Dental Cast analysis
Impressions and occlusal wax bites were taken in order to construct dental casts for analysis
of the occlusal traits. Sagitally, overjet and Angle classification, which was evaluated on the
first permanent molars when applicable and converted to a continuous value from -100% (full
Class III) to +100% (full Class II), by steps of 25 per cent were measured. Vertically, the
overbite and the height of the palatal vault in the first permanent molar region were evaluated.
Evaluation of space conditions was performed using Droschl values (Droschl et al. 1977),
whenever patients were still in the mixed dentition. The depth and width of the dental arches
were measured using calibrated photocopies of the casts (Figures 4 and 5). We used the
centroids (McLean & Nelson 1988) to determine the geometric center of the crown. Width
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A

measurements were performed between the first molars, first primary molars or first
premolars, and canines, both in the upper and lower arches.
Depth was determined by first drawing a line between the distal contact points of both canines
and both first premolars in the same arch. Then, the length of the segment perpendicular to
these lines and passing through the contact point of the central incisors was measured and
recorded. The palatal height was measured by placing an elastic band joining the mesiopalatal cusps of the first permanent molars (when present) and measuring the distance to the
mid-palate perpendicularly to the occlusal plane.

D4 Sup

D3 Sup
W3
W4
W6

W6

D4 Inf

W4
W3

D3 Inf

Figure 4. Depth measurements based on
the distance between the contact points
of two pairs of teeth, and the contact
point between the corresponding pair of
incisors on the same arch. D denotes the
depth measurement, 3 and 4 respectively
denote the canine and first bicuspid.

Figure 5. Transverse measurements based
on the centroid method, made on dental
cast photocopies. W(x) denotes the width
between centroids of teeth (x), where x is
respectively the first molar(6), first
bicuspid (4) or canine (3). First bicuspid
and canine can be permanent or deciduous
teeth.

In order to limit the measurement errors, two operators performed all measurements
separately on the casts on two occasions at least 2 weeks apart. The average between these
two measurements was taken into account unless values differed significantly in which case
both examiners repeated the measurement until a consensus was found. A digital caliper
(Fino, Bad Bocklet, Germany), accurate to 0.01mm, was used for all linear measurements.
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The measurements from the dental casts of the DMD patients and the healthy controls were
recorded. Due to the extensive range of ages of the subjects, the absolute measurements of
each individual were transformed to a score of standard deviations, based on normal values of
a group of healthy individuals of the same age (Moyers et al. 1976). These normal values
were collected in the University of Michigan on a yearly basis starting in 1953 on children
between their 6th and 16th birthday. All the scored values (Y) were evaluated computing the
score as a number of standard deviations, by using the formula:

Y=

YPat − X N
SdN

where YPat is the measurement of the patient, and XN and SdN the mean value and the standard
deviation of the "norms" corresponding to the age of the patient.

Cephalometric analysis
Lateral cephalograms were taken of the DMD patients to study craniofacial morphology using
a cephalometric method based on the Bergen analysis (Hasund 1977). (Figure 6) The
cephalometric results of the DMD patients were compared with a sample of healthy
individuals of different ages used as norms (Riolo et al. 1974) with the same method as
described above to obtain score values of standard deviations.

.

N

NSL

.

Figure 6. Cephalometric reference points
and planes used in the Bergen analysis:
Nasion (N), Sella (S), Basion (Ba),
Gnathion (Gn), A and B points, Spina
nasalis anterior (Sp), Incision superius (Is),
Incision inferius (ii), nasion sella line
(NSL), nasal line (NL), mandibular line
(ML), maxillo-facial measurements SNA,
SNB, ANB, ML / NSL, NL / NSL, ML /
NL, NSBa and Gonial angles Gn-tgo-Ar.
Maxillofacial height is evaluated in two
separate segments NSp and SpGn. Dentoalveolar angles: Interincisal I / I, Is/NA,
ii/NB.

S

ANB
Sp

.

Ba

A

NL

Is
Gn-tgo-Ar
ML

.

ii
B

Gn
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2.3.3 Statistics
For each measurement of a continuous variable a paired Student’s t-test was performed to
evaluate the differences between the DMD patients and their healthy matched controls, when
applicable (Campbell & Machin 1999).
For non-continuous variables and small samples, the χ 2 test was used to evaluate the
significance of differences in frequency between the groups (Campbell & Machin 1999).

Linear regressions were used to evaluate the influence of the age where DMD patient
characteristics diverged from the control group or the data of Riolo (Riolo et al. 1974)
For functional values, Regression coefficients (R2) were computed giving the percentage of
variance explained by each model.
In the regressions for morphological values, α denotes the slope and β is the ordinate at the
origin of the age axis (as in Y = αX + β).
The significance of these regressions was evaluated by computing the p value on the slope α,
as well as regression coefficients (R2), for DMD patients and control group.
X0 denotes the age at which both regressions intersect, and is computed by:

X0 =

β N − β DMD
α N − α DMD

When the intersection X0 between the two regression lines was in the range of 5 to 20 years of
age, it was considered as significant; it was noted as non significant (ns) otherwise, since both
regressions were almost parallel.

Multiple regression analysis was used to test the significance of the contribution of MFCI
(Masseter Functional Capacity Index) and age on the variance of posterior bite force.

Spearman’s rank correlation was used for the analysis of echogeneity grading values in
relation to age.
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2.3.4 Error of the methods
The error in force, thickness, dental analysis of the stone casts and the cephalometric analysis
measurements was computed after duplicate determinations, based on recordings of 10
randomly chosen subjects, using the following formula:

Se =

∑d

2

2N

where d is the difference between the first and second recordings and N is the number of
double determinations (Dahlberg 1940). The error for force measurements went up to 35N.
The error for masseter muscle thickness did not exceed 0.3mm in relaxation and 0.2mm
during contraction. For linear measurements of the casts the error of the method was 0.3 mm.
For linear measurements of the cephalometric analysis the error of measurements was 0.6 mm
and 1.0 degrees for the angular measurements.
For the subjective measurement of muscle quality or echogeneity using ultrasound images,
the same experienced rater re-examined 32 randomly organized and unmarked images after a
2-week interval. Cohen's kappa statistics were used to measure the rater’s agreement between
the two occasions. This gave a measure of agreement of 0.63.
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2.4 Results
Nine (56%) of the DMD patients were not able to walk and came to the appointment
in a wheelchair, the 6 eldest had an electric wheelchair due to the greater severity of their
illness. The average age at which they stopped walking was 8.3 years. Six of the DMD
patients (38%) had undergone surgery for scoliosis, six (38%) had undergone surgery on their
calcaneal tendon, three (19%) needed respiratory assistance during sleep and seven (44%)
were given corticosteroids (Prednisolone).

Functional findings
All force values were significantly smaller for DMD patients when compared to controls
(Table 1). Posterior bite force and finger force were positively correlated to age for controls
whereas no significant correlation could be found for DMD patients (Figure 7, 8). Labial
force however, showed no significant correlation with age for both groups (Figure 9). A
positive correlation was found between posterior bite force and finger force for controls (R² =
0.528, p < 0.001) but no such correlation existed for DMD patients. DMD patients showed a
smaller maximal mouth opening when compared to controls (Table 1). Two DMD patients
and one control had TMJ sounds but none complained of any muscular or articular
tenderness.

Table 1. Force values, maximum mouth opening and masseter clenching thickness,
deviation, significance p is evaluated on paired t-tests. DMD: n=16, Ctr: n=16
DMD

x
Posterior Bite Force (N)
Anterior Bite Force (N)
Labial Force (N)

x : mean, SD: standard

Ctr
SD

x

SD

P value
<0.001

145.4

45.8

429.2

148.0

71.8

42.2

176.9

80.2

<0.001

2.9

0.8

6.3

1.6

<0.001

5.8
11.6

61.2
54.2

26.0
6.5

<0.001

Maximum opening (mm)

18.9
39.1

Masseter clenching thickness (mm)

14.1

4.3

12.7

1.4

0.216

Finger Force (N)
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<0.001

Bite Force (N)

Posterior Bite Force - Age
1000
800
600
400
200
0

DMD
Ctr
DMD: R² = 0.313, p = 0.24
Ctr: R² = 0.726, p <0.001

0

10

20

30

Age (yrs)

Figure 7. Posterior bite force in relation to age
for DMD and control subjects. Significant
positive correlation for controls but no significant
correlation for DMD patients. R2 : regression
coefficient giving the amount of explained
variation. p: significance of the linear regression

Finger Force (N)

Finger Force - Age
120
100
80
60
40
20
0

DMD
Ctr
DMD: R² = 0.023, p = 0.576
Ctr: R² = 0.716, p < 0.001

0

10

20

30

Age (Yrs)

Figure 8. Finger force in relation to age for DMD
and control subjects. Significant positive
correlation for controls but no significant
correlation for DMD patients. R2 : regression
coefficient giving the amount of explained
variation. p: significance of the linear regression

Labial Force (N)

Labial Force - Age
12
10
8
6
4
2
0

DMD
Ctr
DMD: R² = 0.029, p = 0.529
Ctr: R² = 0.18, p = 0.101

0

10

20

30

Age (Yrs)

Figure 9. Labial Force in relation to age for DMD
and control subjects. No significant correlation for
either group. R2 : regression coefficient giving the
amount of explained variation. p: significance of the
linear regression

Masseter clenching thickness showed no significant differences between the two
groups but a big variation within the DMD patients (Table 1). In both groups masseter
clenching thickness showed a positive correlation with age (Figure 10). Posterior bite force
showed a positive correlation to masseter clenching thickness in controls (R² = 0.342, p =
0.017) but no correlation was found for DMD patients.
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Masster Clenching
Thickness (mm)

Masster Clenching Thickness - Age
25
20
15
10
5
0

DMD
Ctr
DMD: R² = 0.35, p = 0.017
Ctr: R² = 0.34, p = 0.017

0

5

10

15

20

Figure 10. Masseter clenching thickness in
relation to age for DMD and control subjects.
Significant positive correlation for both
groups.

25

Age (yrs)

The vast majority of healthy controls showed grade values for internal masseter muscle
structure quality of 3 (14 subjects), the remaining two controls had grade values of 2. For
DMD patients, a majority had grade values of 0 and 1 (0: 7 patients, 1: 3 patients) the
remaining patients had values of 2 and 3 (2: 2 patients, 3: 4 patients). Values were thus
significantly different between DMD patients and controls (p<0.001). The values were
dependant on age with the lowest grade values in the elder DMD patients (Figure 11). The
grade values for the 9 DMD patients who were unable to walk were more severe (median = 0)
than for the 7 who could still walk (median = 3).

Grade
(0-3)

Internal Masseter Muscle Structure Grade - Age
4
3
2
1
0
-1

DMD
Ctr
DMD: Spearman's correlation
coefficient: -0.862, p <0.001
Ctr: Spearman's correlation
coefficient: 0.164, p = 0.544

0

5

10

15

20

25

Age (Yrs)

Figure 11. Internal masseter muscle structure
quality in relation to age for DMD and
control subjects. Significant negative
correlation for DMD patients but no
significant correlation for controls.

Posterior bite force showed a direct, significant association with the “Masseter Functional
Capacity Index” (MFCI) and age (Table 2) indicating that a thick masseter muscle with a
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good internal muscle structure quality in the elder subjects gave higher bite force values. The
posterior bite force level was low when the internal muscle structure quality was poor.

Table 2. Multiple regression analysis to test the significance of MFCI (Masseter Functional Capacity Index) and
age on posterior bite force. Dependant variable (Y): posterior bite force
Y= -242.09 + b1MFCI + b2Age (n=32).
Variables

Coefficient b

Standard error

Significance

MFCI

9.22 (b1)

1.116

P<0.001

Age

24.95 (b2)

4.831

P<0.001

Significance of the model: R= 0.854, R²= 0.73, P<0.001

Morphological findings
The analysis of the dental casts revealed a higher frequency of malocclusions in the DMD
patients than in the control group.
A significantly higher number of Class III malocclusions were observed (31%, p=0.015) in
the DMD subjects, with a tendency to a smaller overjet (p=0.069). This antero-posterior
dental relationship, expressed as a continuous value, showed a tendency to Class III in the
older individuals (slope α = -9.45 [% / year], R2 = 0.32, p = 0.022), meaning that older
patients were more prone to a Class III malocclusion than the younger patients (Figure 12).
The overjet of DMD patients was negatively related to age and declined from 5 mm among
the younger patients to -4 mm in the older adolescents (slope α = -0.76 [mm / year], R2 =
0.47, p = 0.004), intersecting the regression line of the DMD group at the age of 8.4 years. In
the control group, the overjet was slightly negatively correlated with age, too (slope α = -0.15
[mm/year], R2 = 0.27, p = 0.042). Linear regression in the control group showed a less
negative slope (-0.1462, p=0.042) than in the DMD patients (-0.762, p=0.004), intersecting
their regression line at 7.9 years of age (Figure 13).
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y = -2.2004x + 39.872
R2= 0.074
p = 0.305
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p = 0.022

-80
-100
6.0

9.0

12.0

15.0

18.0

Age (years)

Figure 12. Angle classification on the first molars in Duchenne muscular distrophy patients and the control
group, as expressed by a continuous value from -100 [%] for a full class III to +100 [%] for a full class II. Linear
regression lines depict the sagittal molar relationship associated to the age of the subject, based on the average
between left and right.

8.0
6.0
DMD

4.0
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2.0
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Linear (DMD)

0.0

Linear (Control)

-2.0

Control
y = -0.1462x + 5.1974
2
R = 0.2663
p = 0.042
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-6.0
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y = -0.762x + 10.409
2
R = 0.4693
p =0.004
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Figure 13. Overjet in Duchenne Muscular Dystrophy patients and control group, and their linear regression
lines.

The prevalence of patients with an increased anterior and lateral openbite (38% and 44%, with
p=0.033 and p=0.003, respectively) was significantly higher than in the healthy controls. The
measured overbite was smaller among the DMD patients than the healthy individuals
(p=0.019); this result is in line with a higher frequency of anterior open bite in this group
(p=0.033) (Table 3 and Table 4).
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Table 3. Occurrence of malocclusions in Duchenne muscular dystrophy patients and a matched control group
expressed in percentage and numbers and their significance, based on χ2 test.
A χ2 test was performed for Angle Class III separately and then a global χ2 test was performed by pooling Angle
Class I, II and III prevalences together.
DMD

Controls

(N = 16)

(N = 16)

(n)

%

(n)

%

χ2

p

I

8

50

14

88

5.91

0.015

II

3

19

2

12

.237

0.626

III

5

31

0

0

5.93

0.015

Global Angle classification

16

100

16

100

6.84

0.033

Anterior openbite

6

37.5

1

6

4.57

0.033

Lateral openbite

7

44

0

0

8.96

0.003

Angle classification

Table 4. Inter-arch relationship, space condition and upper arch dimension measured on dental casts. The molar
relationship is expressed as a percentage, from -100 [%] for a full Class III to +100 [%] for a full Class II. This
table contains average x and standard deviation s.d. for Duchenne muscular distrophy patients and controls,
their significance is evaluated on paired t-tests.
N
Unit

DMD

Controls

x

s.d.

x

s.d.

p

Molar relationship

[%]

16

-13.4

61.0

13.7

32.0

0.111

Overjet

[mm]

16

1.5

4.1

3.5

1.1

0.069

Overbite

[mm]

15

0.29

3.2

2.7

1.6

0.019

Space upper arch

[mm]

14

-0.93

6.2

0.61

2.6

0.416

Space lower arch

[mm]

14

3.1

5.4

1.0

3.6

0.249

Palatal width

[mm]

14

42.8

5.5

40.3

3.8

0.233

Palatal height

[mm]

13

17.8

3.9

17.5

3.6

0.780

The prevalence of posterior crossbite (88%, p=0.001) was significantly higher than in the
healthy controls. In the transverse dimension, the premolar and molar width of both arches
and the intercanine width of the lower arch were wider in DMD patients than in their matched
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healthy controls (p=0.001 to p=0.036, Table 5). This difference was more pronounced in the
premolar and molar regions of the lower arch than in the same regions of the upper arch. In
DMD patients, the intermolar width of the first permanent inferior molar showed a significant
enlargement in older adolescents when compared with the younger patients (α = 0.67, R2 =
0.53, p = 0.001), which was not the case in the healthy controls (α = -0.046, R2 = 0.01, p =
0.173). The two regression lines for the lower arch of the DMD and the healthy control group
intersected at 6.7 years of age. The corresponding line for the upper arch intersected at 9
years. This indicates that from those ages, the DMD patients had progressively larger dental
arches (Figures 14 and 15).

Table 5. Upper and lower arch width and depth of Duchenne muscular distrophy patients and control group as
per Figure 1 and Figure 2, measured according to Riolo et al. on photocopies of occlusal surface of the dental
cast. This table contains average

x and standard deviation s.d., their significance is evaluated with paired t-tests.

Arch width (W)

DMD

Controls

Unit

x

s.d.

x

s.d.

p

W6

[mm]

52.8

6.3

47.7

3.4

0.029

W4

[mm]

38.7

4.1

35.6

2.3

0.016

W3

[mm]

32.5

4.1

30.5

2.5

0.155

D4

[mm]

19.5

3.0

20.4

2.9

0.295

D3

[mm]

12.1

2.0

13.4

2.7

0.133

W6

[mm]

52.9

7.8

42.7

3.2

0.001

W4

[mm]

36.6

5.2

30.5

2.8

0.001

W3

[mm]

26.9

3.6

24.4

2.3

0.036

D4

[mm]

13.7

2.6

16.0

2.4

0.066

D3

[mm]

7.1

1.7

9.4

3.0

0.018

Result

Upper
arch

Lower
arch
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Figure 14. Arch width on first lower molar in Duchenne muscular dystrophy patients and control group, and
their linear regression lines.

8
7
DMD
6

Control

5

Linear (DMD)
Linear (Control)
DMD
y = 0.3686x - 1.6554
2
R = 0.3619
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Figure 15. Arch width on first upper molar in Duchenne muscular distrophy patients and control group, and
their linear regression lines.

ANB angle was significantly smaller (p=0.008) in DMD patients when compared with the
sample of Riolo et al. (Riolo et al. 1974) (Table 6) Furthermore, the inclination of the lower
incisor (ii/NB) and lower arch depth were smaller in DMD patients (p=0.037).
(Tables 5 and 6).
The upper part of the anterior face, NSp, was smaller (p=0.001), while the inclination of the
maxilla in relation to the anterior cranial base (NL/NSL, p=0.010) and the cranial base angle
(NSBa, p=0.048) were larger in DMD patients when compared with the norms. It should be
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noted that the other values, including the vertical relationship between the mandible and the
cranial base and the intermaxillary angle, did not show any statistically significant difference
from the norms.

Table 6. Absolute and scored cephalometric variables (number of standard deviations) in Duchenne muscular
distrophy patients and control group based on Riolo et al. This table contains average
s.d., their significance is evaluated with paired t-tests.
DMD

x and standard deviation

Scored
values

Unit

x

SNA

[°]

79.4

5.09

-0.482

1.63

0.258

SNB

[°]

77.9

6.35

0.254

2.24

0.525

ANB

[°]

1.5

3.49

-1.171

1.53

0.008

ML / NSL

[°]

36.6

6.14

0.517

1.30

0.123

NL / NSL

[°]

9.3

3.64

0.956

1.35

0.010

ML / NL

[°]

27.2

5.65

-0.063

1.25

0.827

NSBa

[°]

132.8

6.62

0.694

1.36

0.048

Gn-tgo-Ar

[°]

128.5

6.48

0.380

1.11

0.206

I/I

[°]

133.0

9.85

0.470

0.99

0.063

Is-NA

[°]

23.1

4.83

0.105

0.86

0.499

ii / NB

[°]

20.3

9.47

-0.820

1.45

0.037

Sp-Gn

[mm]

66.1

9.41

-1.059

1.47

0.148

N-Sp

[mm]

48.8

4.37

-1.500

1.07

0.001

s.d.

x

s.d.

p

2.5 Discussion
The present study has shown that certain functions of the orofacial complex are
affected in DMD. Posterior bite force and lip force showed lower values for DMD patients
when compared to controls. Age had a negative effect on DMD patients since in the elder
individuals values did not increase as they did in the healthy controls and were often even
lower. The decreasing posterior bite force may be linked to poor internal masseter muscle
structure quality deteriorating with age, possibly due to the progression of the disease.
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Concerning morphological parameters, this study has shown that DMD patients
present mainly dento-alveolar deviations, and these are more frequent and severe in
postpubertal individuals. No significant skeletal vertical deviations were observed in these
DMD patients. From a dento-alveolar point of view, the frequency of anterior openbite, lateral
openbite and lateral crossbite was very high, confirming the observations of many previous
studies (Ghafari et al. 1988, Matsumoto et al. 2002, Symons et al. 2002).

Orofacial function
Our findings that the posterior bite force values were lower for DMD patients when
compared to controls are in accordance with previous reports (Ueki et al. 2007, Willig et al.
1994). The difference in force values between both groups increased with age indicating a
clear aggravation in the elder DMD patients although an absence of progress in muscle
function does not necessarily mean a deterioration.
In our sample we found reduced mouth opening as already reported in other studies
(Ueki et al. 2007), but no specific signs of a temporomandibular joint dysfunction and/or a
myofascial pain disorder as found in some other neuromuscular diseases such as Myotonic
Dystrophy (Engvall et al. 2007).
There was a positive correlation between bite force and finger force for controls but no
such correlation for DMD patients possibly indicating that the onset of the deterioration of
muscle function between the two muscle groups is different. Similarly, a difference in onset
of the disease was found between the musculi orbicularis oris and the masticatory muscles
with the activity of the jaw muscles diminishing 2 years earlier compared with the perioral
muscles (Eckardt & Harzer 1996). It is also well established that some limb or limb girdle
muscles are affected well before others in DMD (Emery 2002) and that the function of the
distal musculature of the upper limbs (fingers) is preserved longer when compared to the
more proximal musculature (Dowling et al. 2002). Muller highlighted the difference in
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deterioration susceptibility of various muscles to muscular dystrophy in mice but why this
occurs is still obscure although it could be linked to the developmental origins of each muscle
(Muller et al. 2001). The masseter muscle seems to be affected by the disease approximately
at the same period as the lower limb musculature since in our sample the internal masseter
muscle structure quality for the 9 DMD patients who were unable to walk was poorer when
compared to the 7 who were still able to walk. The mean age for the loss of walking ability in
DMD subjects in this study was 8.3 years which is in accordance to the findings in the
literature which range from 6 to 13 years (Emery 2002). This age is variable possibly due to
different treatment protocols concerning surgery, physical therapy and medical prescription
(Balaban et al. 2005, Forst & Forst 1999, Manzur et al. 2004). Even though the use of
corticosteroids can, for certain patients, postpone the onset of the loss of walking ability up to
2 years, it seems that the main factor influencing the severity of the disease is the genetic
background. According to a review article by Ansved there is still no evidence that physical
training can influence the evolution of muscular dystrophies in the long term (Ansved 2003).
Inappropriate activity may exacerbate the dystrophic process and great care should be taken to
determine potential exercise load thresholds to avoid injury (Grange & Call 2007).
It has previously been shown that the thickness of the masseter muscle correlates
significantly and contributes the most to bite force magnitude (Raadsheer et al. 1999).
Thickness measurements of the masseter muscle using ultrasonography have been proven to
be reliable (Bakke et al. 1992, Emshoff et al. 2002, Georgiakaki et al. 2007, Raadsheer et al.
1996) and so has the evaluation of internal muscle structure quality in the muscles of patients
with neuromuscular diseases (Heckmatt et al. 1989, Heckmatt et al. 1982, Pillen et al. 2003,
Pillen et al. 2006, Zuberi et al. 1999). Internal muscle structure quality of the masseter muscle
has also been studied previously, showing the internal deterioration of this muscle in patients
with Myotonic Dystrophy (Kiliaridis et al. 1995). In the present study, although maximal
force levels for posterior bite force were very different for both groups, masseter thickness
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showed no significant difference between DMD patients and controls. This can be explained
by the fact that with time, the contractile elements in the muscle of DMD patients are
progressively replaced by adipose and connective tissue (Heckmatt & Dubowitz 1985,
Heckmatt et al. 1982). Muscle force thus diminishes although the overall muscle thickness
does not and even sometimes increases as was the case for three of the elder DMD patients
who had masseter thickness values that were well above those of the other subjects in our
sample.
In our study there was a clear tendency toward lower grade values for internal muscle
structure quality in the elder DMD patients. The lower grade values are due to the attenuation
of the ultrasound echo by the adipose and connective tissue giving a hazy image with unclear
limits of the underlying bone. The values used in the study ranged from 0 to 3, which is a
modification of the usual scale of 1 to 4 as proposed by Heckmatt (Heckmatt & Dubowitz
1985, Heckmatt et al. 1982). The reason for this was to be able to integrate thickness and
grade into one variable, the “Masseter Functional Capacity Index” (MFCI) and to obtain an
index value of zero for the severe DMD patients. Using this index (MFCI) and the age of the
subjects we could explain 73% of the variance in the posterior bite force of our sample. We
should bear in mind that an important contribution to the variation in bite force could be due
to the errors in the method caused by the placement of the strain gauge and the varying
motivation of the subjects.
In our evaluations, the clenching thickness rather than the relaxation thickness was
used because the error of the method was slightly lower. For the subjective measurement of
muscle quality using ultrasound images, the rater’s agreement between the two occasions was
0.63. In the future, computer aided image assessment may help reduce errors in muscle
quality evaluation. According to the medical history, seven of the DMD patients in this study
were given corticosteroids, we know the time at which they stopped walking and we have
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scores indicating the severity of the disease but the small number of subjects made the
statistical evaluation difficult.

Orofacial morphology
For the anteroposterior dimension, the results are in agreement with those of Eckardt
and Harzer (Eckardt & Harzer 1996) who found a small overjet in patients with DMD, and
other studies that found a dental Class III tendency in these patients (Ertük & Dogan 1991,
Matsumoto et al. 2002). In the present study, DMD patients also showed a tendency towards a
skeletal Class III relationship with a dental compensation, as expressed by a smaller angle of
the lower incisor to NB line (ii/NB). Similar results confirming a clear skeletal Class III
relationship were found in DMD patients in the permanent dentition, in contrast to DMD
patients who were in the mixed dentition and showed only a tendency to a Class III skeletal
relationship (Matsumoto et al. 2002).
In the vertical dimension, the high frequency of anterior and lateral openbites are
charasteristic of DMD patients. In this study, anterior and lateral openbites were more
frequent in older adolescents than in the younger patients. Skeletally, no significant vertical
discrepancies were observed, except for larger inclination of the maxilla in relation to the
anterior cranial base and a small upper anterior face height (NSp); the latter finding is in
agreement with the observations of Eckardt and Harzer (1996). The large inclination of the
maxilla may be attributed to specific palatal remodelling due to the increased tongue volume
influencing mainly the posterior part of the maxilla. Contrary to the findings of a recent
longitudinal study where a posterior rotation of the mandible was found (Matsuyuki et al.
2006), no statistically significant differences in the vertical skeletal dimension in relation to
the norms of healthy individuals were observed. This may be explained by the fact that the
power of a cross-sectional cephalometric evaluation has limitations to detect the fine changes
that can be discovered by a longitudinal follow-up. We intend to follow these patients
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longitudinally to observe the skeletal and dentoalveolar changes that may take place within
this group.
In the transverse dimension, the posterior crossbite in the DMD group was mainly due
to the increase in lower arch width. It was observed that the lower arch was wider in older
adolescents than in the younger patients (Figure 16), and this may be related to buccal tipping
of the lower molar and premolar. This is in agreement with the findings of Matsumoto
(Matsumoto et al. 2002) and has possibly been caused by the increased volume of the tongue.

11-6

13-2

15-4

20-0

Figure 16. Frontal view of teeth in occlusion in various DMD patients at different ages.

Although DMD and myotonic dystrophy both affect the muscles around and in the
oral cavity, their effect is different since muscle imbalance produces different skeletal and
dentoalveolar growing processes. In myotonic dystrophy, a high prevalence of malocclusion
has also been found, including an anterior openbite and lateral crossbite, associated with a
vertical skeletal aberration (Kiliaridis et al. 1989). Malocclusions in these patients seem to be
related to vertical aberration of craniofacial growth due to the involvement of masticatory
muscles with a possibly less affected suprahyoid musculature. The lowered mandible and
tongue cannot counterbalance the forces developed by the stretched facial musculature and
this situation may affect the teeth transversely, decreasing the width of the palate and causing
a posterior crossbite; the lowering of the mandible may permit overeruption of the posterior
teeth and development of anterior openbite (Kiliaridis & Katsaros 1998).
DMD patients show a high prevalence of anterior and lateral openbites without
vertical skeletal aberration. DMD affects muscles at various stages of the evolution of the
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disease. A good example is the weakening of the masseters, which occurs at an earlier stage
compared with the labial muscles (Eckardt & Harzer 1996). Due to the imbalance between
lateral and anterior forces combined with the increased lingual volume, lateral dentoalveolar
effects are more significant than frontal ones and take the form of an increased transverse
diameter; in turn, this causes buccal tipping of the teeth, as well as lateral openbite and
crossbite (Matsumoto et al. 2002, Symons et al. 2002, Willig et al. 1994).
An interesting observation in the present study is that many measurements start to diverge
significantly from normal values at 7 to 10 years of age, as shown by the computation of the
intersection between linear regression lines of patient group and the healthy controls. This
singular point in the clinical evolution can be related to the fact that the physical capacity of
these boys significantly decreases with age; in this group, the patients stopped walking at a
mean age of 8.3 years.
The progressive deterioration of function in the orofacial complex of DMD patients
possibly influences the dentofacial growth thus giving rise to increasing malocclusions with
age (Morel Verdebout et al. 2007), (Figure 17). It seems that the internal structure of the
affected muscles changes and their volume increases without a parallel increase in strength.
This may be the case for the muscles of the tongue and could explain the transversal
deterioration of the lower dental arch (Eckardt & Harzer 1996, Kiliaridis & Katsaros 1998).
The development of anterior and extensive lateral open bites decreases the number of
occluding teeth, thus seriously affecting the patient’s masticatory capacity. Therefore in DMD
patients it would seem necessary to start an interceptive orthodontic treatment to inhibit the
deterioration of the position of the teeth. The best time to begin this treatment seems to be
around the time of the cessation of the ability to walk since this age corresponds to the time
when malocclusions begin to occur. The preservation of an acceptable masticatory function is
essential to these individuals as their life expectancy increases with better medical
management.
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Influence of DMD on the orofacial complex
Labial force
less affected

Reduced
masticatory
force

Hypertrophy
of the
tongue

Lack of
dental
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of the eruption axis
Decreased
dental
arch depth

Anterior openbite

Lateral openbite

Tongue interference on
the lingual and occlusal
surfaces of posterior teeth

Increased intermolar
distance
(especially lower arch)

Lateral crossbite

Figure 17. Summary of the effects of DMD on the orofacial complex

2.6 Conclusion
Duchenne muscular dystrophy affects orofacial function. All force values were lower for
DMD patients when compared to controls. The deterioration in function was more severe in
the elder DMD patients. The deterioration in internal masseter muscle structure quality as
seen in ultrasonographic images explains, at least in part, the lower force values in DMD
patients. DMD patients had a high prevalence of lateral and anterior openbites with decreased
overjet, as well as posterior crossbites due to enlargement of the posterior lower arches. The
dentoalveolar deviations were also related to age since they showed a higher prevalence in
older adolescents than in younger children. No obvious vertical skeletal deviations were
found in this patient group. The deterioration in orofacial function in DMD patients was
possibly the etiological factor causing severe malocclusions. The understanding of orofacial
function is becoming ever more important as the life expectancy of these patients increases
with better medical management.
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Abstract
Duchenne muscular dystrophy (DMD) affects orofacial function. The purpose of the study
was to evaluate orofacial parameters in DMD and relate possible deteriorations to the age of
the patients and to the diminished internal structure quality of the masseter muscle. Bite force
and finger force were measured in 16 DMD patients (6 to 20 years old) and 16 age matched
controls. The thickness and internal structure quality of the masseter muscle were evaluated
ultrasonographically. We found reduced mouth opening but no signs of masticatory muscle
tenderness. Bite force values were lower for DMD patients. Masseter thickness showed no
significant differences between the two groups, but poorer internal muscle structure quality
characterized the elder, non-walking DMD patients explaining their low bite force values. In
conclusion, the masseter muscle follows the general progress of the disease. Orofacial
function in DMD patients is becoming ever more important as their life expectancy increases.
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Introduction
Progressive Muscular Dystrophy or Duchenne Muscular Dystrophy (DMD) is a recessive
neuromuscular disease caused by an absence of the protein dystrophin whose gene is on the
short arm of the X chromosome in the p21-2 position and has a prevalence of one male
newborn in 3'500.29,20 The disease is detected clinically at an average age of 3.5 years, but in
the majority of the cases, the parents recognize an earlier delay in motor function.13 From the
age of 7-8 years, the progression of the disease is dramatic: weakness progresses the patient
becomes wheelchair-bound at an age of 10-12 years with a subsequent loss of muscle strength
in the upper limbs and the development of scoliosis.29 Finally, the disease affects the heart
and respiratory muscles. Subjects nowadays reach the age of 25 or even 30 thanks to
increased medical support.11 Histologically, the muscular architecture is disrupted by muscle
cell replacement with fat and connective tissue and this can be observed with
ultrasonographic imagery.5,17,26,31 Currently, the only known treatment with a demonstrated
beneficial effect on muscle strength and function in boys with DMD is the use of
corticosteroids.25 However this only slows the disease process without curing it.

Duchenne muscular dystrophy affects orofacial function and difficulties in the pre-oral phase
of swallowing can are observed.36 The maximum bite force and maximum mouth opening
distance in these patients are significantly lower than those in controls.35 Lip incompetence,
mouth breathing, macroglossia and tongue thrusting are common findings in DMD patients.34
As the disease progresses with the age of the individuals this may also progressively influence
orofacial function.

Thus the aims of the present study are: to establish the effect of DMD on certain parameters
of the orofacial complex and to verify the hypothesis that these possible deteriorations can be
- 51 -

related to the age of the patient (thus to disease progression) as well as to the severity of the
muscular involvement as observed on ultrasonographic images of the masseter muscle.

Subject and methods
Subjects
From a group of 24 DMD patients followed at the University hospitals of Geneva and
Lausanne aged between 6 and 20 years old, 16 patients with a mean age of 11.7 years (s.d.
3.7, range 6-20) gave their informed consent according to the requirements of ethical
committees of both universities. Two of the patients showed mild mental retardation.
A control group of 16 healthy male children was constituted among subjects seen during their
annual scholar dental screening organized by the dental school. These subjects were
consecutively chosen, had no orthodontic treatment in progress and were matched for age
with the DMD patients. They also gave their informed consent and had the same
examinations as DMD patients, meeting the requirements of the ethical committees. The
mean age of the control group was 11.9 year (s.d. 4.0, range 6-20).

Methods
Questionnaire
All subjects (DMD patients and controls) and their parents were interviewed in order to obtain
information concerning the use of corticosteroids, whether they underwent any operations
(scoliosis or calcaneal tendon). DMD patients were asked whether they needed respiratory
assistance, whether they needed a wheelchair and if so, when they had lost the ability to walk.
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Oral function and temporomandibular dysfunction
The temporomandibular joint was palpated laterally in all subjects and sounds and pain during
mandibular movements were recorded. The masseter and temporal muscles were palpated for
tenderness. The presence of a sign was recorded as: 1, the absence as: 0. Maximal mouth
opening was also measured at the central incisors with a digital calliper (Fino, Bad Bocklet,
Germany) taking overbite into account.10

Labial force
Labial force was measured using a button with a diameter of two centimetres attached to a
dynamometer. The subjects were seated with their head in a natural position; the button was
placed behind the lips and gently pulled outwards. Labial force was determined as the
maximum force of resistance above which the lips could no longer hold back the button. This
measurement was repeated 3 times and the largest force was used.19

Bite force and finger force
Four force measurements were performed: left and right posterior bite force, anterior bite
force and finger (pinch) force. Left and right posterior bite forces were pooled together as
posterior bite force. Measurements were made using a custom made strain gauge covered with
a rubber protection with a total thickness of 15mm. A custom made program was written
using Labview (Labview 6i, National Instruments, Texas, USA) in order to visualize and save
the results. The strain gauge was alternatively placed between the first molars (or as
posteriorly as possible for younger subjects) on each side, between the central incisors and
between the thumb and index of the patient’s strongest hand. The examiner maintained the
strain gauge in a fixed position and the subject was asked to bite or pinch as hard as possible.
The strain gauge was reset in between each measurement. Each measurement was repeated
three times and the largest values were used.22
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Masseter thickness and evaluation of internal masseter muscle structure quality
An ultrasound transducer of 8.5 megaHz (100 Falco, Pie Medical, the Netherlands) was used
to measures masseter thickness and echogeneity, the latter giving an indirect measurement of
internal masseter muscle structure quality. Two images were taken by the same experienced
examiner on each side during clenching and relaxation giving a total of 8 measurements.
Thickness was measured directly on the screen using an inbuilt measuring tool and was
determined as the distance in millimetres from the subcutaneous aponeurosis to the
underlying bone surface according to the method of Kiliaridis and Kalebo.21 The
measurement site was the thickest part of the masseter close to the level of the occlusal plane,
halfway between the zygomatic arch and the gonial angle, approximately at the centre of the
mediolateral distance of the ramus. Conducting gel was used and minimal pressure was
applied on the skin surface to avoid deformation by compression. For masseter thickness,
values obtained during clenching were used. Internal masseter muscle structure quality was
evaluated by visualizing all 8 images of the same subject. In normal muscle tissue the
tendinous structures and fasciae are well defined, there is a strongly increased intramuscular
echo intensity and the bone echo of the ramus is sharply discernable. A four-point grading
scale from 0 to 3 based on Heckmatt’s criteria18,17 and adapted to the masseter muscle23 was
used to measure this echogeneity. Grade 0 for ill-defined tendinous structures and fasciae, low
echo intensity and poorly visible bone surface through to grade 3 for normal muscle and bone
appearance.

Masseter Functional Capacity Index (MFCI)
To estimate the masseter’s contraction capacity the clenching thickness (mm) of the muscle
was multiplied by the grade (0-3) given for the internal structure quality of the same muscle.
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Statistics
Paired Student’s t-tests were used to compare continuous variables between DMD patients
and controls. The χ 2 test was used to evaluate the significance of differences in frequency of
the echogeneity grading between the two groups. Linear regressions were used to evaluate the
influence of the age on posterior bite force and labial force for both groups. Linear regressions
were also used to correlate maximum bite force and masseter muscle thickness as well as bite
force and finger force for both groups. Regression coefficients (R2) were computed giving the
percentage of variance explained by each model. Multiple regression analysis was used to test
the significance of MFCI (Masseter Functional Capacity Index) and age on posterior bite
force. Spearman’s rank correlation was used for the analysis of echogeneity grading values in
relation to age.

Error of the methods
The error in force and thickness measurements was computed after duplicate determinations,
based on recordings of 10 randomly chosen subjects, using the following formula:

Se =

∑d

2

2N

where d is the difference between the first and second recordings and N is the number of
double determinations.4 The error for force measurements went up to 35N. The error for
masseter muscle thickness did not exceed 0.3mm in relaxation and 0.2mm during contraction.
For the subjective measurement of muscle quality or echogeneity using ultrasound images,
the same experienced rater re-examined 32 randomly organized and unmarked images after a
2-week interval. Cohen's kappa statistics were used to measure the rater’s agreement between
the two occasions. This gave a measure of agreement of 0.63
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Results
Nine (56%) of the DMD patients were not able to walk and came to the appointment in a
wheelchair, the 6 eldest had an electric wheelchair due to the greater severity of their illness.
The average age at which they stopped walking was 8.3 years. Six of the DMD patients (38%)
had undergone surgery for scoliosis, six (38%) had undergone surgery on their calcaneal
tendon, three (19%) needed respiratory assistance during sleep and seven (44%) were given
corticosteroids (Prednisolone).

All force values were significantly smaller for DMD patients when compared to controls
(Table 1). Posterior bite force and finger force were positively correlated to age for controls
whereas no significant correlation could be found for DMD patients (Figure 1a, 1b). Labial
force however, showed no significant correlation with age for both groups (Figure 1c). A
positive correlation was found between posterior bite force and finger force for controls (R² =
0.528, p < 0.001) but no such correlation existed for DMD patients. DMD patients showed a
smaller maximal mouth opening when compared to controls (Table 1). Two DMD patients
and one control had TMJ sounds and none complained of any muscular or articular
tenderness.

Table 1:. Force values,maximum mouth opening and masseter clenching thickness, x : mean, SD: standard
deviation
DMD

Ctr

P value

x

SD

x

SD

145.4

45.8

429.2

148.0

<0.001

71.8

42.2

176.9

80.2

<0.001

2.9

0.8

6.3

1.6

<0.001

5.8
11.6

61.2
54.2

26.0
6.5

<0.001

Maximum opening (mm)

18.9
39.1

Masseter clenching thickness (mm)

14.1

4.3

12.7

1.4

0.216

Posterior Bite Force (N)
Anterior Bite Force (N)
Labial Force (N)
Finger Force (N)
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<0.001

a) Posterior Bite Force - Age
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c) Labial Force - Age

Labial Force (N)

12

DMD

10

Ctr

8
6
4
DMD: R² = 0.029, p = 0.529
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Figure 1. a) Posterior bite force in relation to age for DMD and control subjects. Significant positive correlation
for controls but no significant correlation for DMD patients. b) Finger force in relation to age for DMD and
control subjects. Significant positive correlation for controls but no significant correlation for DMD patients.
c) Labial Force in relation to age for DMD and control subjects. No significant correlation for either group.
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Masseter clenching thickness showed no significant differences between the two groups
(Table 1). In both groups masseter clenching thickness showed a positive correlation with age
(Figure 2a). Posterior bite force showed a positive correlation to masseter clenching thickness
in controls (R² = 0.342, p = 0.017) but no correlation was found for DMD patients.

a) Masster Clenching Thickness - Age

Masster Clenching
Thickness (mm)

25

DMD

20

Ctr

15
10
DMD: R² = 0.35, p = 0.017
Ctr: R² = 0.34, p = 0.017

5
0
0

5

10

15

20

25

Age (yrs)

Grade
(0-3)

b) Internal Masseter Muscle Structure Grade - Age
4

DMD

3

Ctr

2
DMD: Spearman's correlation
coefficient: -0.862, p <0.001

1
0

Ctr: Spearman's correlation
coefficient: 0.164, p = 0.544

-1
0

5

10

15

20

25

Age (Yrs)

Figure 2. a) Masseter clenching thickness in relation to age for DMD and control subjects. Significant positive
correlation for both groups. b) Internal masseter muscle structure quality in relation to age for DMD and control
subjects. Significant negative correlation for DMD patients but no significant correlation for controls.

The vast majority of healthy controls showed grade values for internal masseter muscle
structure quality of 3 (14 subjects), the remaining two controls had grade values of 2. For
DMD patients, a majority had grade values of 0 and 1 (0: 7 patients, 1: 3 patients) the
remaining patients had values of 2 and 3 (2: 2 patients, 3: 4 patients). Values were thus
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significantly different between DMD patients and controls (p<0.001). The values were
dependant on age with the lowest grade values in the elder DMD patients (Figure 2b). The
grade values for the 9 DMD patients who were unable to walk were more severe (median = 0)
than for the 7 who could still walk (median = 3).

Posterior bite force showed a direct, significant association with the “Masseter Functional
Capacity Index” (MFCI) and age (Table 2) indicating that a thick masseter muscle with a
good internal muscle structure quality in the elder subjects gave higher bite force values. The
posterior bite force level was lower when the internal muscle structure quality was poor.

Table 2. Multiple regression analysis to test the significance of MFCI (Masseter Functional Capacity Index) and
age on posterior bite force. Dependant variable (Y): posterior bite force
Y= -242.09 + b1MFCI + b2Age (n=32).
Variables

Coefficient b

Standard error

Significance

MFCI

9.22 (b1)

1.116

P<0.001

Age

24.95 (b2)

4.831

P<0.001

Significance of the model: R= 0.854, R²= 0.73, P<0.001

Discussion
The present study has shown that certain functions of the orofacial complex are affected in
DMD. Posterior bite force and lip force showed lower values for DMD patients when
compared to controls. Age had a negative effect on DMD patients since in the elder
individuals values did not increase as they did in the healthy controls and were often even
lower. The decreasing posterior bite force may be linked to poor internal masseter muscle
structure quality deteriorating with age, possibly due to the progression of the disease.
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Our findings that the posterior bite force values were lower for DMD patients when compared
to controls are in accordance with previous reports.35,36 The difference in force values
between both groups increased with age indicating a clear aggravation in the elder DMD
patients although an absence of progress in muscle function does not necessarily mean a
deterioration.

In our sample we found reduced mouth opening in accordance to findings in other studies35
but no specific signs of temporomandibular joint and muscle tenderness which was not the
case in some other neuromuscular diseases such as Myotonic Dystrophy.10

There was a positive correlation between bite force and finger force for controls but no such
correlation for DMD patients possibly indicating that the onset of the deterioration of muscle
function between the two muscle groups is different. Similarly, a difference in onset of the
disease was found between the musculi orbicularis oris and the masticatory muscles with the
activity of the jaw muscles diminishing 2 years earlier compared with the perioral muscles.7 It
is also well established that some limb or limb girdle muscles are affected well before others
in DMD8 and that the function of the distal musculature of the upper limbs (fingers) is
preserved longer when compared to the more proximal musculature.6 Muller28 highlighted the
difference in deterioration susceptibility of various muscles to muscular dystrophy in mice but
why this occurs is still obscure although it could be linked to the developmental origins of
each muscle. The masseter muscle seems to be affected by the disease approximately at the
same period as the lower limb musculature since in our sample the internal masseter muscle
structure quality for the 9 DMD patients who were unable to walk was poorer when compared
to the 7 who were still able to walk.
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The mean age for the loss of walking ability in DMD subjects in this study was 8.3 years
which is in accordance to the findings in the literature which range from 6 to 13 years.8 This
age is variable possibly due to different treatment protocols concerning surgery, physical
therapy and medical prescription.3,12,25 Even though the use of corticosteroids can, for certain
patients, postpone the onset of the loss of walking ability up to 2 years, it seems that the main
factor influencing the severity of the disease is the genetic background. According to a review
article by Ansved1 there is still no evidence that physical training can influence the evolution
of muscular dystrophies in the long term. Inappropriate activity may exacerbate the
dystrophic process and great care should be taken to determine potential exercise load
thresholds to avoid injury.15

It has previously been shown that the thickness of the masseter muscle correlates significantly
and contributes the most to bite force magnitude.33 Thickness measurements of the masseter
muscle using ultrasonography have been proven to be reliable2,9,14,32 and so has the evaluation
of internal muscle structure quality in the muscles of patients with neuromuscular
diseases.17,16,37,30,31 Internal muscle structure quality of the masseter muscle has also been
studied previously, showing the internal deterioration of this muscle in patients with
Myotonic Dystrophy.23 In the present study, although maximal force levels for posterior bite
force were very different for both groups, masseter thickness showed no significant difference
between DMD patients and controls. This can be explained by the fact that with time, the
contractile elements in the muscle of DMD patients are progressively replaced by adipose and
connective tissue.18,17 Muscle force thus diminishes although the overall muscle thickness
does not and even sometimes increases as was the case for three of the elder DMD patients
who had masseter thickness values that were well above those of the other subjects in our
sample.
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In our study there was a clear tendency toward lower grade values for internal masseter
muscle structure quality in the elder DMD patients. The lower grade values are due to the
attenuation of the ultrasound echo by the adipose and connective tissue giving a hazy image
with unclear limits of the underlying bone. The values used in the study ranged from 0 to 3,
which is a modification of the usual scale of 1 to 4 as proposed by Heckmatt.18,17 The reason
for this was to be able to integrate thickness and grade into one variable, the “Masseter
Functional Capacity Index” (MFCI) and to obtain an index value of zero for the severe DMD
patients. Using this index (MFCI) and the age of the subjects we could explain 73% of the
variance in the posterior bite force of our sample. We should bear in mind that an important
contribution to the variation in bite force could be due to the errors in the method caused by
the placement of the strain gauge and the varying motivation of the subjects.

In our evaluations, the clenching thickness rather than the relaxation thickness was used
because the error of the method was slightly lower. For the subjective measurement of muscle
quality using ultrasound images, the rater’s agreement between the two occasions was 0.63. In
the future, computer aided image assessment may help reduce errors in muscle quality
evaluation. According to the medical history, seven of the DMD patients in this study were
given corticosteroids, we know the time at which they stopped walking and we have scores
indicating the severity of the disease but the small number of subjects made the statistical
evaluation difficult.

The progressive deterioration of function in the orofacial complex of DMD patients possibly
influences the dentofacial growth thus giving rise to increasing malocclusions with age.27
The development of anterior and extensive lateral open bites decreases the number of
occluding teeth, thus seriously affecting the patient’s masticatory capacity. Therefore in DMD
patients it would seem necessary to start an interceptive orthodontic treatment to inhibit the
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deterioration of the position of the teeth. The best time to begin this treatment seems to be
around the time of the cessation of the ability to walk since this age corresponds to the time
when malocclusions begin to occur. The preservation of an acceptable masticatory function is
essential to these individuals as their life expectancy increases with better medical
management.

Conclusion
Duchenne muscular dystrophy affects orofacial function. All force values were lower for
DMD patients when compared to controls. The deterioration in function was more severe in
the elder DMD patients. The deterioration in internal masseter muscle structure quality as
seen in ultrasonographic images explains, at least in part, the lower force values in DMD
patients. The understanding of orofacial function in DMD patients is becoming ever more
important as their life expectancy increases with better medical management.
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Abstract
Occlusal traits and craniofacial morphology were studied in growing patients with Duchenne
muscular dystrophy (DMD). Sixteen patients from 6 to 20 years of age were examined and
compared with 16 healthy male individuals matched according to age. The dental arches and
occlusal traits of both groups were analyzed on dental casts and compared with the norms of
healthy individuals from the literature. Lateral cephalograms of the patients were compared
with normal individuals by using scored values based on standard deviations in order to
compensate for heterogeneity in the age of the subjects.
A high prevalence of malocclusions was found, including posterior crossbites, frontal and
lateral openbites, a tendency towards mesio-occlusion due to a skeletal Class III malocclusion
and dental compensations of the Class III relationship by retrusion of the lower incisors. Both
upper and lower arches were widened in their posterior portion. The lower arches were even
wider than the upper arches, resulting in frequent posterior crossbites.
No significant skeletal vertical deviations were observed in this group of DMD patients,
except for the maxillary plane angle (NL/NSL) that was larger than normal values, while the
anterior upper face height (NSp) was smaller. However, no difference was found in lower
face height.
The posterior enlargement of the dental arches and the dentoalveolar development towards an
Angle Class III relationship were significantly related to age and found more frequently
among the older subjects.
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Introduction
Progressive Muscular Dystrophy or Duchenne Muscular Dystrophy (DMD) is a recessive
neuromuscular disease affecting the short arm of the X chromosome in the p21-2 position
(Jennekens et al., 1991; Onimus et al., 1999) and has a prevalence of one male newborn in
3'500.
This gene codes for dystrophin, a protein which is present in the sarcolema of the muscular
cell. Dystrophin is absent or hardly detectable in DMD.
The disease is detected clinically at an average age of 3.5 years, but in the majority of the
subjects, the parents recognize an earlier delay in motor function (Fowler, 1982). From the
age of 7-8 years, the progression of the disease is dramatic. The patient becomes wheelchairbound at an age of 10-12 years with a subsequent loss of muscle strength in the upper limbs
and the development of scoliosis (Onimus et al., 1999).
In the 1980’s, life expectancy was low since most patients died of respiratory failure before
the age of 20 years. Nowadays, many patients reach the age of 25 or even 30 due to a better
medical support (Fardeau, 2005).

During post-natal growth, bones continue their modelling process to maintain a form that is
appropriate to their biomechanical function. Muscle function exerts an influence on skeletal
growth and also on the facial skeleton (Kiliaridis, 1995).
In humans, vertical dentofacial aberrations have been found in patients with reduced muscle
function, as can be found in myotonic dystrophy (Kiliaridis et al., 1989). Similarly, a high
prevalence of malocclusions was found in DMD patients, such as anterior openbites and
posterior crossbites, which appear to be strongly related to the involvement of the orofacial
muscles in the disease (Morimoto et al., 1981; Stenvik and Storhaug, 1986; Kulkarni and
Chandran, 1995; Eckardt and Harzer, 1996; Hara et al., 2002; Matsumoto et al., 2002).
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In DMD patients, the effects of the disease progress with the age of the individuals and this
may also progressively influence orofacial function (Onimus et al., 1999). Thus, the
hypothesis tested in this study is that in children and adolescents suffering from DMD,
dentofacial aberrations may show a higher frequency and severity in the older children. The
aim of the study was to examine DMD patients of different ages, record their dentofacial
characteristics and determine any relationship between age and dentofacial characteristics.
Linking these factors would indirectly relate dentofacial characteristics to severity of the
disease. This investigation will provide the base of a longitudinal prospective study, to record
the individual changes in this group.

Subject and methods
From a group of 24 DMD patients registered at the University hospitals of Geneva and
Lausanne, the patients were selected based on two criteria: 1) they had to be between 6 and 20
years of age, and 2) they had to give their informed consent according to the requirements of
ethical committees of both universities. Sixteen patients with a mean age of 11.7 years (s.d.
3.7, range 6-20) fulfilled the inclusion criteria and agreed to participate in the study. Of these
16 patients, 9 used a wheelchair and stopped walking at an average age of 8.3 years. The other
seven subjects were still able to walk, were among the youngest of the group and all were
being treated with Prednisolone (Kinali et al., 2002).
A control group of 16 healthy male children, selected consecutively and matched for age to
the DMD patients was set up within the consultation of the annual scholar dental examination
in Geneva. These controls presented no immediate need for orthodontic treatment.
These control children also gave their informed consent and had the same examinations as
DMD patients, except for the radiographs, so as to meet the requirements of the ethical
committees. The mean age of the control group was 11.9 years (s.d. 4.0, range 6-20).
- 71 -

To couterbalance the disadvantages of the limited size of the control group, comparisons were
done with the norms of cast measurements found in the literature.

Impressions and occlusal wax bites were taken in order to construct dental casts for analysis
of the occlusal traits. Sagitally, overjet and Angle classification, which was evaluated on the
first permanent molars when applicable and converted to a continuous value from -100% (full
Class III) to +100% (full Class II), by steps of 25 per cent were measured. Vertically, the
overbite and the height of the palatal vault in the first permanent molar region were evaluated.
Evaluation of space conditions was performed using Droschl values (Droschl et al., 1977),
whenever patients were still in the mixed dentition. The depth and width of the dental arches
were measured using calibrated photocopies of the casts (Figures 1 and 2). We used the
centroids (McLean and Nelson, 1988) to determine the geometric center of the crown. Width
measurements were performed between the first molars, first primary molars or first
premolars, and canines, both in the upper and lower arches.

W3
W4
W6

W6
W4
W3

Figure 1. Transverse measurements based on the centroid
method, made on dental cast photocopies. W(x) denotes the
width between centroids of teeth (x), where x is respectively
the first molar(6), first bicuspid (4) or canine (3). First
bicuspid and canine can be permanent or deciduous teeth.

Depth was determined by first drawing a line between the distal contact points of both canines
and both first premolars in the same arch. Then, the length of the segment perpendicular to
these lines and passing through the contact point of the central incisors was measured and
recorded. The palatal height was measured by placing an elastic band joining the mesio- 72 -

palatal cusps of the first permanent molars (when present) and measuring the distance to the
mid-palate perpendicularly to the occlusal plane.

D3 Sup

D4 Sup

D4 Inf

D3 Inf

Figure 2. Depth measurements based on the
distance between the contact points of two pairs
of teeth, and the contact point between the
corresponding pair of incisors on the same arch.
D denotes the depth measurement, 3 and 4
respectively denote the canine and first bicuspid,
Inf and Sup respectively denote inferior and
superior arches.

In order to limit the measurement errors, two operators (C.M.V. and S.B.) performed all
measurements separately on the casts on two occasions at least 2 weeks apart. The average
between these two measurements was taken into account unless values differed significantly
in which case both examiners repeated the measurement until a consensus was found. A
digital caliper (accurate to 0.01mm) was used for all linear measurements.

Lateral cephalograms were taken of the DMD patients to study craniofacial morphology using
a cephalometric method based on the Bergen analysis (refer to Figure 3 for most significant
reference points and lines) (Hasund, 1977). The cephalometric results were compared with a
sample of healthy individuals of different ages that were used as norms (Riolo et al., 1974).

.

N

NSL

.

S

ANB
Sp

.

Ba

A

NL

Is
Gn-tgo-Ar
ML

.

ii
B

Figure 3. Cephalometric significant reference points and
planes used in the Bergen analysis: Nasion (N), Sella (S),
Basion (Ba), Gnathion (Gn), A and B points, Spina
nasalis anterior (Sp), Incision superius (Is), Incision
inferius (ii), nasion sella line (NSL), nasal line (NL),
mandibular line (ML), maxillo-facial measurements
SNA, SNB, ANB, ML / NSL, NL / NSL, ML / NL,
NSBa and Gonial angles Gn-tgo-Ar. Maxillofacial height
is evaluated in two separate segments NSp and SpGn.
Dento-alveolar angles: Interincisal I / I, Is/NA, ii/NB.

Gn
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The measurements obtained from the dental casts and cephalometric analysis of the DMD
patients were also compared with the dental casts of healthy controls from a sample of healthy
individuals recorded at different ages when applicable. Riolo and Moyers data was collected
in the University of Michigan on a yearly basis starting in 1953 on children between their 6th
and 16th birthday. Their ethnic background was not stated. The values used in the present
study are the ones for males subjects (Riolo et al., 1974; Moyers et al., 1976). Due to the
range of ages of the subjects, the absolute measurements of each individual were transformed
to a score of standard deviations, based on normal values of a group of healthy individuals of
the same age (Moyers et al., 1976). This was carried out for linear and angular measurements
of the cephalometric analysis, and linear measurements of the casts. All the scored values (Y)
were evaluated computing the score as a number of standard deviations, by using the formula:

Y=

YPat − X N
SdN

where YPat is the measurement of the patient, and XN and SdN the mean value and the standard
deviation of the "norms" corresponding to the age of the patient.

Statistical methods
For each measurement of a continuous variable, due to the small size of the samples, a paired
Student’s t-test was performed to evaluate the differences between the DMD patients and
their healthy matched controls, when applicable (Campbell and Machin, 1999).
For non-continuous variables and small samples, the χ 2 test was used to evaluate the
significance of differences in frequency between the groups (Campbell and Machin, 1999).
Linear regressions were used to evaluate the influence of the age where DMD patient
characteristics diverged from the control group or the data of Riolo et al. In these regressions,

α denotes the slope and β is the ordinate at the origin of the age axis (as in Y = αX + β).
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The significance of these regressions was evaluated by computing the p value on the slope α,
as well as regression coefficients (R2), for DMD patients and control group.
X0 denotes the age at which both regressions intersect, and is computed by:

X0 =

β N − β DMD
α N − α DMD

When the intersection X0 between the two regression lines was in the range of 5 to 20 years of
age, it was considered as significant; it was noted as non significant (ns) otherwise, since both
regressions were almost parallel.
Paired t-tests were systematically performed to evaluate the significance of the results.

Error of the methods
The error of the measurements in the dental analysis of the stone casts and the cephalometric
analysis was computed after duplicate determinations, based on recordings of 10 randomly
chosen subjects, using the following formula:

Se =

∑d

2

2N

where d is the difference between the first and second recordings and N is the number of
double determinations. The error was computed for each operator both in the DMD and
control groups for the casts measurement and the radiographs of the DMD patients. The error
of measurements did not exceed 0.6 mm for the linear measurements and 1.0 degrees for the
angular measurements of the cephalometric analysis, and 0.3 mm for the linear measurements
of the casts.

Results
The analysis of the dental casts revealed a higher frequency of malocclusions in the DMD
patients than in the control group.
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A significantly higher number of Class III malocclusions were observed (31%, p=0.015) in
the DMD subjects, with a tendency to a smaller overjet (p=0.069). This antero-posterior
dental relationship, expressed as a continuous value, showed a tendency to Class III in the
older individuals (slope α = -9.45 [% / year], R2 = 0.32, p = 0.022), meaning that older
patients were more prone to a Class III malocclusion than the younger patients (Figure 4). The
overjet of DMD patients was negatively related to age and declined from 5 mm among the
younger patients to -4 mm in the older adolescents (slope α = -0.76 [mm / year], R2 = 0.47, p
= 0.004), intersecting the regression line of the DMD group at the age of 8.4 years. In the
control group, the overjet was slightly negatively correlated with age, too (slope α = -0.15
[mm/year], R2 = 0.27, p = 0.042). Linear regression in the control group showed a less
negative slope (-0.1462, p=0.042) than in the DMD patients (-0.762, p=0.004), intersecting
their regression line at 7.9 years of age (Figure 5).
8.0
6.0
DMD

4.0

Control

2.0
mm

Linear (DMD)

0.0

Linear (Control)

-2.0

Control
y = -0.1462x + 5.1974
R2 = 0.2663
p = 0.042

-4.0
-6.0

DMD
y = -0.762x + 10.409
R2 = 0.4693
p =0.004

-8.0
-10.0
-12.0
6.0

9.0

12.0

15.0

18.0

Age (years)

Figure 4. Angle classification on
the first molars in Duchenne
muscular distrophy patients and
the control group, as expressed
by a continuous value from -100
[%] for a full class III to +100
[%] for a full class II. Linear
regression lines depict the sagittal
molar relationship associated to
the age of the subject, based on
the average between left and
right.

100
80
DMD

60

Control
40

Linear (DMD)

20
%

Linear (Control)
Control
y = -2.2004x + 39.872
R2= 0.074
p = 0.305

0
-20
-40
-60

DMD
y = -9.4536x + 97.187
R2= 0.3233
p = 0.022

-80
-100
6.0

9.0

12.0

15.0

18.0

Age (years)
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Figure 5. Overjet in Duchenne
Muscular Dystrophy patients and
control group, and their linear
regression lines.

The prevalence of patients with an increased anterior and lateral openbite (38% and 44%,
with p=0.033 and p=0.003, respectively) was significantly higher than in the healthy controls.
The measured overbite was smaller among the DMD patients than the healthy individuals
(p=0.019); this result is in line with a higher frequency of anterior open bite in this group
(p=0.033) (Tables 1 and 2).

Table 1. Occurrence of malocclusions in Duchenne muscular dystrophy patients and a matched control group
expressed in percentage and numbers and their significance, based on χ2 test. A χ2 test was performed for Angle
Class III separately and then a global χ2 test was performed by pooling Angle Class I, II and III prevalences
together.

DMD
(N = 16)
(n)
Angle classification

Controls
(N = 16)
%

(n)

χ2

%

p

I

8

50

14

88

5.91

0.015

II

3

19

2

12

.237

0.626

III

5

31

0

0

5.93

0.015

16

100

16

100

6.84

0.033

Anterior openbite

6

37.5

1

6

4.57

0.033

Lateral openbite

7

44

0

0

8.96

0.003

14

88

3

19

15.20

0.001

Global Angle classification

Posterior crossbite

Table 2. Inter-arch relationship, space condition and upper arch dimension measured on dental casts. The molar
relationship is expressed as a percentage, from -100 [%] for a full Class III to +100 [%] for a full Class II. This table
contains average x and standard deviation s.d. for Duchenne muscular distrophy patients and controls, their
significance is evaluated on paired t-tests.
N

DMD

Unit
Molar relationship

[%]

Overjet
Overbite

[mm]
[mm]

Space upper arch
Space lower arch

[mm]
[mm]

Controls
s.d.

x

s.d.

x

p

16
16

-13.4

61.0

13.7

32.0

0.111

1.5

4.1

3.5

1.1

0.069

15
14

0.29
-0.93

3.2
6.2

2.7
0.61

1.6
2.6

0.019
0.416

3.1

5.4

1.0

3.6

0.249

42.8

5.5

40.3

3.8

0.233

17.8

3.9

17.5

3.6

0.780

Palatal width

[mm]

14
14

Palatal height

[mm]

13
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The prevalence of posterior crossbite (88%, p=0.001) was significantly higher than in the
healthy controls. In the transverse dimension, the premolar and molar width of both arches
and the intercanine width of the lower arch were wider in DMD patients than in their matched
healthy controls (p=0.001 to p=0.155, see Table 3). This difference was more pronounced in
the lower arch (p=0.001 to p=0.036) than in the upper (p=0.016 to 0.155), being almost
double in the molar and premolar region (Table 3). In DMD patients, the intermolar width of
the first permanent inferior molar showed a significant enlargement in older adolescents when
compared with the younger patients (α = 0.67, R2 = 0.53, p = 0.001), which was not the case
in the healthy controls (α = -0.046, R2 = 0.01, p = 0.173). The two regression lines for the
lower arch of the DMD and the healthy control group intersected at 6.7 years of age. The
corresponding line for the upper arch intersected at 9 years. This indicates that from those
ages, the DMD patients had progressively larger dental arches (Figures 6 and 7).
ANB angle was significantly smaller (p=0.008) in DMD patients when compared with the
sample of (Riolo et al., 1974) (Table 4). Furthermore, the inclination of the lower incisor
(ii/NB) and lower arch depth were smaller in DMD patients (p=0.037) (Tables 3 and 4).
The upper part of the anterior face, NSp, was smaller (p=0.001), while the inclination of the
maxilla in relation to the anterior cranial base (NL/NSL, p=0.010) and the cranial base angle
(NSBa, p=0.048) were larger in DMD patients when compared with the norms. It should be
noted that the other values, including the vertical relationship between the mandible and the
cranial base and the intermaxillary angle, did not show any statistically significant difference
from the norms.
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Table 3. Upper and lower arch width and depth of Duchenne muscular distrophy patients and control group as per Fig
1 and Fig 2, measured according to (Riolo et al., 1974) on photocopies of occlusal surface of the dental cast. This table
contains average x and standard deviation s.d., their significance is evaluated on paired t-tests.

Arch width (W)

DMD

Controls

Unit

x

s.d.

x

s.d.

p

W6

[mm]

52.8

6.3

47.7

3.4

0.029

W4

[mm]

38.7

4.1

35.6

2.3

0.016

W3

[mm]

32.5

4.1

30.5

2.5

0.155

D4

[mm]

19.5

3.0

20.4

2.9

0.295

D3

[mm]

12.1

2.0

13.4

2.7

0.133

W6

[mm]

52.9

7.8

42.7

3.2

0.001

W4

[mm]

36.6

5.2

30.5

2.8

0.001

W3

[mm]

26.9

3.6

24.4

2.3

0.036

D4

[mm]

13.7

2.6

16.0

2.4

0.066

D3

[mm]

7.1

1.7

9.4

3.0

0.018

Result

Upper
arch

Lower
arch

14
12

DMD
Control

10

Linear (DMD)

8

Linear (Control)

6

DMD
y = 0.6658x - 3.1026
R2 = 0.5326
p = 0.000

4
2

Control
y = -0.0462x + 1.6608
2
R = 0.0109
p = 0.173

0
-2
6.0

9.0

12.0

15.0

Figure 6. Arch width on first lower
molar in Duchenne muscular
distrophy patients and control group,
and their linear regression lines.

18.0

Age (years)

8
7
DMD
6

Control

5

Linear (DMD)
Linear (Control)
DMD
y = 0.3686x - 1.6554
2
R = 0.3619
p = 0.023
Control
y = -0.1185x + 2.5906
R2 = 0.1207
p = 0.193

4
3
2
1
0
-1
-2
6.0

9.0

12.0

15.0

18.0

Age (years)
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Figure 7. Arch width on first
upper molar in Duchenne muscular
distrophy patients and control
group, and their linear regression
lines.

Table 4. Absolute and scored cephalometric variables (number of standard deviations) in Duchenne muscular
distrophy patients and control group based on (Riolo et al., 1974). This table contains average x and standard
deviation s.d., their significance is evaluated on paired t-tests.

Scored
values

DMD
Unit
SNA
SNB
ANB
ML / NSL
NL / NSL
ML / NL
NSBa
Gn-tgo-Ar
I/I
Is-NA
ii / NB
Sp-Gn
N-Sp

x

s.d.

x

s.d.

p

[°] 79.4
[°] 77.9

5.09
6.35

-0.482
0.254

1.63
2.24

0.258
0.525

[°] 1.5
[°] 36.6

3.49
6.14

-1.171
0.517

1.53
1.30

0.008
0.123

[°]

3.64

0.956

1.35

0.010

[°] 27.2
[°] 132.8

5.65
6.62

-0.063
0.694

1.25
1.36

0.827
0.048

[°] 128.5
[°] 133.0

6.48
9.85

0.380
0.470

1.11
0.99

0.206
0.063

[°] 23.1
[°] 20.3

4.83
9.47

0.105
-0.820

0.86
1.45

0.499
0.037

[mm] 66.1
[mm] 48.8

9.41
4.37

-1.059
-1.500

1.47
1.07

0.148
0.001

9.3

Discussion
Although the size of the control group was small due to the difficulty to gather a larger group
from the consultation of the annual scholar dental examination, many of the results are in line
with literature and rather significant.
This study has shown that DMD patients present mainly dento-alveolar deviations, and these
are more frequent and severe in postpubertal individuals. No significant skeletal vertical
deviations were observed in these DMD patients. From a dento-alveolar point of view, the
frequency of anterior openbite, lateral openbite and lateral crossbite was very high, which
confirms the observations of many previous studies (Morinushi and Matsumoto, 1986;
Stenvik and Storhaug, 1986; Ghafari et al., 1988; Ertük and Dogan, 1991; Matsumoto et al.,
2002; Symons et al., 2002).
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For the anteroposterior dimension, the results are in agreement with those of (Eckardt and
Harzer, 1996) who found a small overjet in patients with DMD, and other studies that found a
dental Class III tendency in these patients (Ertük and Dogan, 1991; Matsumoto et al., 2002).
In the present study, DMD patients also showed a tendency towards a skeletal Class III
relationship with a dental compensation, as expressed by a smaller angle of the lower incisor
to NB line (ii/NB). Similar results confirming a clear skeletal Class III relationship were
found in DMD patients in the permanent dentition, in contrast to DMD patients who were in
the mixed dentition and showed only a tendency to a Class III skeletal relationship
(Matsumoto et al., 2002).
In the vertical dimension, the high frequency of anterior and lateral openbites are
charasteristic of DMD patients. In this study, anterior and lateral openbites were more
frequent in older adolescents than in the younger patients. Skeletally, no significant vertical
discrepancies were observed, except for larger inclination of the maxilla in relation to the
anterior cranial base and a small upper anterior face height (NSp); the latter finding is in
agreement with the observations of (Eckardt and Harzer, 1996). The large inclination of the
maxilla may be attributed to specific palatal remodelling due to the increased tongue volume
influencing mainly the posterior part of the maxilla. Contrary to the findings of a recent
longitudinal study where a posterior rotation of the mandible was found (Matsuyuki et al.,
2006), no statistically significant differences in the vertical skeletal dimension in relation to
the norms of healthy individuals were observed. This may be explained by the fact that the
power of a cross-sectional cephalometric evaluation has limitations to detect the fine changes
that can be discovered by a longitudinal follow-up. We intend to follow these patients
longitudinally to observe the skeletal and dentoalveolar changes that may take place within
this group.
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In the transverse dimension, the posterior crossbite in the DMD group was mainly due to the
increase in lower arch width. It was observed that the lower arch was wider in older
adolescents than in the younger patients (Figure 8), and this may be related to buccal tipping
of the lower molar and premolar. This is in agreement with the findings of (Matsumoto et al.,
2002) and has possibly been caused by the increased volume of the tongue.

11-6

13-2

15-4

20-0

Figure 8. Frontal view of teeth in occlusion in different Duchenne muscular distrophy patients at various ages.

Recent studies on DMD patients, based on ultrasound measurements, have shown that
muscular changes occur through an increase of muscle volume and a disruption of the
muscular architecture with disappearing aponevrosis and septums (Pillen et al., 2003;
Scholten et al., 2003). This is due to a muscle cell replacement with fat and connective tissue
(Heckmatt et al., 1982; Reimers et al., 1993), and explains the classical observations of
increased lingual volume. (Matsumoto et al., 2002) assumed that a posterior crossbite is more
frequent than an anterior crossbite, because the enlargement of the tongue progresses over
time from the root of the tongue to its apex; as a result, posterior crossbite is more prominent
at younger ages.

Although DMD and myotonic dystrophy both affect the muscles around and in the oral
cavity, their effect is different since muscle imbalance produces different skeletal and dental
growing processes. In myotonic dystrophy, a high prevalence of malocclusion has also been
found, including an anterior openbite and lateral crossbite, associated with a vertical skeletal
aberration (Kiliaridis et al., 1989). Malocclusions in these patients seem to be related to
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vertical aberration of craniofacial growth due to the involvement of masticatory muscles with
a possibly less affected suprahyoid musculature. The lowered mandible and tongue cannot
counterbalance the forces developed by the stretched facial musculature and this situation
may affect the teeth transversely, decreasing the width of the palate and causing a posterior
crossbite; the lowering of the mandible may permit overeruption of the posterior teeth and
development of anterior openbite (Kiliaridis and Katsaros, 1998).
By contrast, DMD patients show a high prevalence of anterior and lateral openbites without
vertical skeletal aberration. DMD affects muscles at various stages of the evolution of the
disease. A good example is the weakening of the masseters, which occurs at an earlier stage
compared with the labial muscles (Eckardt and Harzer, 1996). Due to the imbalance between
lateral and anterior forces combined with the increased lingual volume, lateral dentoalveolar
effects are more significant than frontal ones and take the form of an increased transverse
diameter; in turn, this causes buccal tipping of the teeth, as well as lateral openbite and
crossbite (Stenvik and Storhaug, 1986; Willig et al., 1994; Matsumoto et al., 2002; Symons et

al., 2002).
An interesting observation in the present study is that many measurements start to diverge
significantly from normal values at 7 to 10 years of age, as shown by the computation of the
intersection between linear regression lines of patient group and the healthy controls. This
singular point in the clinical evolution can be related to the fact that the physical capacity of
these boys significantly decreases with age; in this group, the patients stopped walking at a
mean age of 8.3 years.
Therapeutic exercises on a submaximal level seem to be an interesting way to limit the loss of
function (De Lateur and Giaconi, 1979; Kawazoe et al., 1982; Kilmer et al., 1994; Grimby,
2004). In addition, much progress has been made in new therapeutic protocols by means of
gene therapy (Goyenvalle et al., 2004; Denti et al., 2006), which in turn may lead to less
frequent and severe malocclusions.
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Conclusions
In patients with DMD a high prevalence of posterior and anterior openbites with decreased
overjet, as well as posterior crossbites due to enlargement of the posterior lower arches were
observed. The dentoalveolar deviations were related to the age of the patients since they
showed a higher prevalence in older adolescents than in younger children.
No obvious vertical skeletal deviations were found in this patient group.
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