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Deleterious Facial Effects Caused
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Early Treatment, in Congenital
Muscular Dystrophy
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Abstract

Neuromuscular disorders is a general term that encompasses a large number of
diseases with different presentations. Progressive muscle weakness is the predomi-
nant condition of these disorders. Respiratory failure can occur in a significant num-
ber of diseases. The use of devices to assist ventilation is quite frequent in these types
of patients. Noninvasive ventilation can be applied by various means, including nasal,
oronasal, or facial masks. Masks, type bilevel positive airway pressure, continuous
positive airway pressure, and similar are generally supported on the maxilla. Oral
health in pediatric neuromuscular diseases has some peculiar aspects that we must
consider in these patients’ follow-up. Based on a clinical case, this chapter provides
a better understanding of these patients. It will focus on the oral and maxillofacial
morphological alterations and preventive measures and strategies for oral pathologies
management in this population. Despite always aiming at esthetics, treating these
patients should always prioritize the possibilities of improving the oral and general
functions of the body.

Keywords: neuromuscular diseases, congenital muscular dystrophy, noninvasive
ventilation, clinical case, adverse effects, palatal expansion technique, extraoral traction
appliances, pediatric dentistry, maxillary retrusion, airway obstruction

1. Introduction

Neuromuscular disorders (NMD) is a general term that encompasses a large
number of diseases with different presentations.

Progressive muscle weakness is the predominant condition of these disorders.
Respiratory failure can occur in a significant number of diseases. The use of devices to
assist ventilation is quite frequent in these types of patients. Noninvasive ventilation
(NIV) can be applied by various means, including nasal, oronasal, or facial masks.
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Masks, type bilevel positive airway pressure (BiPAP), continuous positive airway
pressure (CPAP), and similar are generally supported on the maxilla.

Long-term noninvasive ventilation (LTNIV) has been increasingly used in chil-
dren to manage chronic respiratory failure and airway obstruction. Interfaces are of
paramount importance for NIV effectiveness and patient compliance. Factors such as
the child’s age, disease, craniofacial conformation, type of ventilator and ventilation
mode, and children’s and family’s preferences should be considered when selecting
the appropriate mask. Adverse events such as skin lesions, facial growth impairment,
and leaks must be prevented and promptly corrected. Humidification is a contro-
versial issue on NIV, but it may be helpful in certain circumstances. Regular cleaning
and disinfection of interfaces and equipment must be addressed. During follow-up,
educational programs, close supervision, and continuous support to children and
families are crucial to the success of LTNIV therapy [1].

Oral health in pediatric neuromuscular diseases has some peculiar aspects that
we must consider in these patients’ follow-up. Based on a clinical case, this chapter
provides a better understanding of these patients. It will focus on the oral and maxil-
lofacial morphological alterations and preventive measures and strategies for oral
pathologies management in this population. Despite always aiming at esthetics,
treating these patients should always prioritize the possibilities of improving the oral
and general functions of the body.

Also, future research on the oral health of patients will be discussed.

2. Neuromuscular disorders

Neuromuscular disorders (NMDs) include conditions affecting the anterior horn
cell (e.g., Spinal muscular atrophy = SMA), the peripheral nerve (e.g., Charcot-
Marie-Tooth disease = CMT), the neuromuscular junction (e.g., Congenital myas-
thenia), or the muscle itself (e.g., Duchenne muscular dystrophy = DMD). NMDs are
progressive, impair motor function, and often reduce life expectancy and quality of
life [2]. Progressive muscle weakness is the predominant condition of these disorders.
All muscles may be involved, such as facial muscles (including orbicularis oris) and
bulbar muscles. In some of the patients, congenital high arched palate and even
temporomandibular arthrogryposis can be present. Feeding problems are common,
with the need for a feeding tube or gastrostomy. Speech problems with anarthria or
dysphonia with nasal speech can be present.

The terms “muscle disease,” “myopathy,” “neuromuscular conditions,” and “neuro-
muscular disorders” all describe a group of conditions that affect either the muscles,
those in the arms and legs or the heart and lungs, or the nerves which control the
muscles [3].

3. Noninvasive ventilation

Positive airway pressure (PAP) may be invasive or not, depending on the tech-
niques we use. Furthermore, it can be used in acute or chronic situations.

Noninvasive ventilation can be applied by various means, including nasal, oronasal,
or facial mask, among others [4]. Masks, type BIPAP, CPAP, VPAP, and similar, are gen-
erally supported over the jaw. A nasal interface (or nasal cannula) is the preferred inter-
face, and a nasobuccal interface can be used with caution in case of mouth breathing.
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Positive Long-term NIV is a highly efficacious type of noninvasive respiratory
support that has transformed the scope of chronic respiratory failure and severe
sleep-disordered breathing in children with NMD by avoiding tracheotomies and
allowing the child to live at home with a good quality of life for a child and his family.
The tremendous heterogeneity of the disorders, ages, prognosis, and outcomes of the
patients underlines the necessity of management by experienced, multidisciplinary
pediatric centers, having technical competencies in pediatric NIV, and expertise in
sleep studies and therapeutic education [5].

4. Major groups of risk

If we look to the population that uses NIV, we identify the significant groups of
risk, where respiratory muscles are weakened, or the airway is obstructed:

1. Neuromuscular disorders,
2. Obstructive sleep apnea,
3. Cystic fibrosis,

4. Children with obesity and Down syndrome.

5. Facial side effects during noninvasive positive pressure ventilation
in children

Retrognathia is a physical misalignment of the upper (maxilla) and lower (man-
dibular) jawbones in which either or both recede relative to the frontal plane of the
forehead. In the maxilla, we use the term maxillary retrusion as synonymous [6].

Facial side effects during noninvasive positive pressure ventilation (NPPV) in
children are not a new effect. Brigitte Faroux [7], in 2005, concluded about the use
of nasal masks that global facial flattening was present in 68% of the patients, and
a maxillary retrusion was present in 37% of patients. In that time, she suggested
systematic maxillofacial follow-up so that these effects may be identified. Remedial
measures could include the change of the interface or reducing the daily use of NPPV.

Continuous positive airway pressure (CPAP) is a type of positive airway pressure
used to deliver a set pressure to the airways maintained throughout the respiratory
cycle during inspiration and expiration [8].

Bariani, in 2020, reports that most of the studies demonstrated that long-term use
of nasal positive airway pressure in childhood/adolescence is associated with midface
hypoplasia [9].

Ma, in 2021, tries the fit and comfort evaluation of custom mask designs using a
randomized fit test with a series of three-dimensional (3D) printed versus commer-
cial standard masks. Results indicate that custom masks are more comfortable than
conventional continuous positive airway pressure (CPAP) masks, particularly on fit,
contact pressure, and comfort [10].

Martelly, in 2021, also makes 3D masks (BiPAP and CPAP) and reports that
while the custom-fit mask did not reduce the average measured leakage for subjects,
subjects reported experiencing less leakage. Overall, results suggest that the
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custom-fit masks are more comfortable and tolerable than the provided off-the-shelf
(OTS) mask option [11].

6. Case report—deleterious facial effects caused by noninvasive
ventilation mask early treatment in congenital muscular dystrophy

With this clinical case, we want to familiarize professionals who work with these
patients about the consequences that LTNIV may have in these children’s face and oral
functions and the importance of a pediatric dentist or an orthodontist in the team
that treats these patients.

A 5-year-old child born with congenital muscular dystrophy type 1A (MDC1A)
and total absence of merosin due to laminin a2 gene (LAMA2) mutation was referred
by the pediatrician for the first time to the dentist. The child had a motor deficit,
absence of gait, muscle hypotonia, feeding difficulty, breathing difficulties, sleep
apnea, and normal intellectual development.

MDCI1A is a rare autosomal recessive hereditary disease [12, 13] with severe
consequences for its patients. It is characterized by motor deficits, muscle hypotonia,
retractions, and progressive respiratory system impairment [14]. Affected individuals
may show muscle hypertrophy [15]. The use of noninvasive ventilation devices is one
of the strategies to manage the disease [16]. BiPAP and other similar units function
as air compressor units and are used to treat respiratory insufficiencies [17], aiding
ventilation with positive results in the pediatric population [18]. In this population,
these devices are often used with a mask resting on the upper jaw.

Severe maxillary retrusion was diagnosed. Looking for the cause of such a severe
facial deformity, it was hypothesized that force exerted by the noninvasive ventila-
tion mask in this particular patient (with facial and bulbar weakness since birth) is
one of the reasons for the deformity. The use of devices to assist ventilation is quite
frequent in these patients. The use of these auxiliary ventilation devices, which are
very important for the patient’s well-being, must be carefully considered as they cause
maxillary hypoplasia.

The retrusion of the middle floor of the face is maxillary hypoplasia or maxillary
deficiency, which is an underdevelopment of the jawbones, with the greater concavity
of the face and reduced nasolabial angle. This term represents underdevelopment of
the maxilla (upper jaw) in length (decrease in the average height of the face) or depth
(retrusion of the jaw) [19]. The maxillary retrusion resulting in non-development
creates a pseudo-class III malocclusion resulting in esthetic disharmony, greater resis-
tance of the nasal pathways [20, 21], narrowing of the pharyngeal airway, discomfort,
and problems of eruption in mixed dentition [22, 23], with maxillary compression
and crowding, in addition to pseudomacroglossia [24]. That is, the benefit obtained
by the best oxygenation should always be equated with the relative anatomo-
functional misfit that may result from prolonged use of the mask. Surveillance of
the evolution of the maxilla development by pediatric dentists is necessary, and this
professional should be part of the treatment and follow-up team.

The management of this disease and its comorbidity is predominant for the
patient’s quality of life, considering that there is no cure for it.

In this case, the use of the noninvasive ventilation device (BiPAP) occurred from
the age of 15 months in the context of rest, nocturnal use (Figure 1). The device is
used due to the child’s ventilation difficulties, trying to compensate for the fragility of
the respiratory muscles.
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Figure 1.

At 15 months, the child stavted using noninvasive night ventilation with a nasal mask. So that there is a good
adaptation of the nasal mask, without air escaping, a strap adapts the silicone to the face, anchored in the neck or
nape, easily creating a retrusive force to the jaw.

Figure 2.

The panovamic X-ray is the best exam to test the child and pavent collaboration. For a child who does not walk
and needs constant help from the mother to position himself, the radiograph is of sufficient quality and should not
be repeated.

In our consultation, and despite the difficulties arising from age and the absence
of gait that makes the child always dependent on the mother, good collabora-
tion was achieved to perform a study [25], after obtaining additional diagnostic
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Figure 3.
Teleradiography - lateval vadiography of the cranium from a 5-year-old female patient with Congenital Muscle
Dystrophy. Severe maxillary retrusion, crossbite, open bite, and vertical growth of the mandible.

Figure 4.
Extra-oral photographs—as the child cannot hold herself standing, the photos were taken in the dental chair. The
mother and child were very collaborative.
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Figures.
Intra-oval photographs—the lips were previously moistened with a lip carve balm to avoid the child’s sensitivity
and facilitate the placement of the lips and cheeks retractors.

Figure 6.
On 22/01/2017—the educator’s photo shows retrognathic profile and lingual protrusion (Pseudomacroglossia).

elements: orthopantomography (Figure 2), teleradiography (Figure 3), extra-oral
(Figure 4), and intra-oral photographs (Figure 5), and upper and lower molds of the
child’s mouth.

The child does not present dental problems, all teeth being healthy.
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The study allowed to suggest starting the first phase of the correction of this
problem, using an orthopedic maxillary therapy, with the placement of a rapid maxil-
lary expansion appliance to widen the maxilla, followed by the simultaneous use of a
facial mask for maxillary traction. At all times, the use of noninvasive ventilation was
maintained.

The child must be regularly followed, and other therapeutical measures may have
to be considered with the evolution of the treatment. At this moment, the focus is to
recover as soon as possible the oral physiological functions.

Severe maxillary hypoplasia with progeny disharmony greater than 1 cm with a
retracted appearance of the middle face is notorious. Retrusion, anterior and poste-
rior crossbite, open bite, vertical growth of the mandible, and pseudomacroglossia
(Figures 2-6).

Concavo profile and pseudomacroglossia (Figure 6) are visible in the resting posi-
tion of the photo taken by the educators.

Further investigation of the facial features pre-use of NIV allowed us to conclude
that the face was harmonic, without any hypoplasia or retrusion, as seen from the
observation of several photographs and videos pre NIV (Figures 7 and 8). The profile
was convex, with slight dystocclusion.

Figure7.
Photo of the child on 17/11/2011, taken before using the noninvasive ventilation appliance; note the convex facial
profile, without maxillary retrognathia problems.
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Figure 8.

Childs photograph on 10/01/2012, also taken before using the noninvasive ventilation device; note the convex face
profile, with a noticeable distal occlusion of the mandible and the middle thivd of the face well developed and
proportional.

7. Discussion

Noninvasive mechanical ventilation (NIV) is defined as a ventilatory support
that does not require an orotracheal tube or tracheostomy, used through an interface,
with the objective of promoting adequate ventilation, reducing respiratory work,
preventing respiratory muscle fatigue, increasing alveolar ventilation, and improving
gas exchange, thus avoiding intubation and promoting, in some cases, early extuba-
tion [26, 27]. The use of NIV may also reduce complications associated with invasive
mechanical ventilation and, consequently, morbidity and mortality rates related to
this ventilatory support [28].

Currently, NIV is considered an alternative ventilatory support in the Pediatric
Neuromuscular Outpatient Clinic. It has good acceptability and high success rates. It
is indicated in the presence of acute or chronic respiratory disorders, neuromuscular
diseases, central nervous system disorders, obstructive sleep apnea, neuromuscular
diseases, central nervous system disorders, obstructive sleep apnea, postoperative,
post-extubation period, and early extubation [29, 30].
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A certain type of patient needs to use a ventilation aid for different reasons and at
different ages, sometimes in the first years of life. The use of these noninvasive ven-
tilation masks (BiPAP, CPAP, and the like) is sometimes maintained for years and a
considerable period of daily use (more than eight or even 12 hours). The masks allow
patients better oxygenation, but closure must be obtained around the place where the
mask touches so that there is no air leakage. This peripheral closure of the mask on the
face is obtained by the traction pressure of the mask against the tissues, and the mask
can be nasal, nasal and oral, or facial.

The harmful effects caused using the mask will depend on the type of mask
applied, the places where the forces are applied, the intensity of the forces, their
direction, and the time of action of the forces in question. If this mask does not rely
on solid structures of the face causes severe deformations in patients, especially if
they are young and with the skeleton to form and easily moldable. Also, the substrate
on which the forces act is important because a hard bone of an adult male does not
deform in the same way as the soft bone of a baby or child.

Looking for the possible causes for maxillary retrusion and hypoplasia found,
the feasible one that can be related is the use of noninvasive nasal mask ventilation
in a child with facial and bulbar weakness. In this clinical case, everything indicates
that the deformation found was iatrogenic, caused by the masks used in noninvasive
ventilation. That is one of the main reasons for the deformity due to the mask.

Using this device from an early age (15 months) exerts an anchoring force in the
skull (more difficult to deform) that causes an inhibition reaction of the growth of
the maxilla and its retrusion since the predominant force was exerted in the cranial
calotte. In this sense, the absence of well-distributed facial supports caused the
applied forces to retort the entire anterior sector.

Given what was observed, it seemed that the alternative would be to counteract all
this movement. So, we associate with the retrusive force of BiPAP a protrusive force,
through a facial mask, complemented by the transverse expansion of the maxillary
disjunction.

Maxillary reverse traction therapy is indicated for the solution of orthodontic
cases as a non-surgical alternative for correcting malocclusion, allowing movement
of the maxilla forward and down through the remodeling of the maxillary sutures.
At the same time, the mandible shows a clockwise rotation, which corrects the
concavity of the soft tissue profile. The technique may be associated with surgical
procedures and rapid maxillary expansion orthopedical movements. Better results
are obtained when therapy is used in young patients when compared to older
patients [31].

The technique used allowed the child to continue to use BiPAP, necessary for his
health and metabolism of development, but at the same time counteract the forces
exerted by the NIV.

In this case, maxillary hypoplasia was reported in a child with congenital muscu-
lar dystrophy and a total absence of merosin. These children have severe breathing
problems and ventilation difficulties.

The obstruction of the nasal airways is related to their volume [32, 33]. Some
authors believe that rapid maxillary expansion may result in greater ventilatory
capacity [34, 35] resulting from increased permeability and nasal volume [36, 37] as
well as different tongue positioning [38, 39] and changes in voice [40].

The correct anatomy, good airways permeability, and positioning of the teeth and
tongue permit better oral functions, such as chewing, drinking, speaking, breathing,
and even earing [41].
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This procedure allowed an increase of the entire nasal pyramid, resulting from
the rapid expansion of the maxillary, which in the future will allow better ventila-
tion, tongue positioning, and drainage of secretions in addition to closer anatomy of
normal. It allows better development and a smaller number of hours lost by parents in
medical consultations.

Despite the importance of this intervention for the child’s current development,
the treatment must have a second phase, pluridisciplinary, that may involve pediatric
dentistry, orthodontics, physiotherapy, speech therapy, and maxillofacial surgery.

The fact that we later found other cases in which the same etiological hypothesis is
possible made us write this text as a starting point for investigation and as a warning
to colleagues who put on auxiliary ventilation masks such as BiPAP device, CPAP, and
similar, for the treatment of apnea, sleep apnea, or situations that require prolonged
use of NIV. It is intended that this text is a warning so that the placement of these
masks is supported whenever possible in an extensive area and with the involvement
of multiple less deformable bones, besides making it necessary to control the forces
used so that these masks do not act like an orthodontic device of maxillary retrusion.
Whenever possible, use only nose tubes, or helmet-like devices, to avoid jaw pressure
at early ages.

In NIV a mask supported by the maxilla is used. Suppose we hypothesized that its
use since the age of 15 months might have retracted the jaw or prevented its growth,
functioning as an orthodontic appliance and with an unequal distribution of forces.
In that case, we are faced with a method of disease management that may end up
being harmful in the long term, preventing the natural formation of the sinus and the
consequent ventilatory improvement. The use of this method of disease management
is a “two-beak stick” because it allows an improvement in ventilatory capacity when
using the device but seems to decrease the typical anatomical characteristics neces-
sary for adequate ventilation. In this sense, noninvasive ventilation devices with an
average force distribution and forces supported in more extensive areas and inde-
pendent bones should be preferred to prevent retrusion. The most extensive support
surface can prevent retrusion by what would be ideal the realization of masks tailored
to each face.

8. Patient perspective

The mother left a testimony, translated to English, after removing names:

Sharing: I, mother and primary caregiver, hereby share this testimony, with the
greatest satisfaction of what this device gave to my child’s mouth, as she has severe
congenital muscular dystrophy, a total absence of merosin (strength protein).

As soon as the appliance was placed in her mouth, within days, there was mas-
sive notoriety in her teeth spacing, mouth opening, and “ogival” palate alteration
(widening and less depth), to the point where the teeth fit (aligned) correctly, “teeth
with teeth.”

Something that had not happened before and that made chewing less effective,
such as lack of muscle strength, which was another situation that made the situa-
tion worse.

After this situation was successful, we moved on to the next stage with the traction
device. It rectifies the bite, which was misaligned, due to the BiPAP respiratory device
for sleep apnea at a very early age. Bipap had a beneficial effect on oxygenation while
sleeping, but at the jaw level, projected it backward.
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The process was slower but managed to exceed expectations to the extent of the
severity noted. Through this long but very advantageous process, the changes were
notorious at all levels:

* respiratory (with better breath)

* speech (diction)

* eat (chews more firmly and quickly) (crack some foods)
* drinking (faster)

However, this could not happen if I had not chosen as an Orthodontist Prof.
Doctor Casimiro de Andrade and his team in this very complex process. In this,
there was a development of delivery, trust, and humanity par excellence, to which I
fully thank.

He was gradually doing the treatment according to the child’s condition, in the
different phases, so that this process would not be invasive under any circumstances.

Moreover, the entire multidisciplinary team was delighted to see my daughter
evolve and progress throughout her treatment (Dr. Lurdes Morais (pulmonologist),
Dr. Julia Eca de Guimaraes (pediatrician), and Physiotherapist Ana Moreira and
her team.

Mother of the child. Grateful for everything.!!! Thank you all.

9. Informed consent

The patient responsible agreed to use and publish the disease-related article with
personal information to be excluded.

10. Conclusions

Whenever VNI use is prolonged and at an early age, exclusively maxillary support
should be avoided, if possible discarded, preferring the use of a mask with multi-site
facial support, or in some instances, total and better-distributed loads, if necessary
tailored to measure.

Pediatric dentistry and orthodontics play a vital role in promoting health and
development in children with neuromuscular disorders.

A pediatric dentist is a vital element in the medical team that follows these patients
and should always identify, prevent, and intercept these problems to achieve proper
development.
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