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Evaluation of orofacial motricity in patients
with mucopolysaccharidosis: a cross-sectional study

Giovana S. Turra,! Ida Vanessa D. Schwartz?2

Abstract

Objective: To characterize the stomatognathic system and stomatognathic functions in patients with

mucopolysaccharidosis.

Methods: Cross-sectional and observational study of patients with mucopolysaccharidosis seen at the outpatient
clinic at the Medical Genetics Service of Hospital de Clinicas de Porto Alegre. The inclusion criteria were the existence
of a biochemical or molecular diagnosis of any type of mucopolysaccharidosis and the agreement to participate in
the study by signing an informed consent form. Seventy-eight patients were evaluated through phonoaudiological

anamnesis and physical exam.

Results: Alterations in at least one item of each structure of the stomatognathic system or stomatognathic
function were found in all patients who allowed evaluation of both items on physical examination (n = 76/78). The
most frequently compromised structures and functions were respectively the dental arch and the tongue, swallowing
and mastication. The only statistically significant difference found between types of mucopolysaccharidosis involved
the habitual position of the tongue between the teeth (most frequent in mucopolysaccharidosis VI). Among patients
with mucopolysaccharidosis I, II or VI who underwent enzyme replacement therapy or not, there was statistically
significant difference in oral breathing mode (more frequent in the group without enzyme replacement therapy).

Conclusions: Alterations in stomatognathic systems and functions are prevalent among individuals with
mucopolysaccharidosis, even if enzyme replacement therapy is administered. Such finding suggests that speech
therapy follow-up plays a major role in the treatment plan of this group of diseases; this hypothesis should be

confirmed by additional studies.
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Introduction

Mucopolysaccharidoses (MPS) are genetic diseases
caused by the deficient activity of enzymes that degrade
glycosaminoglycans (GAGs) and by the consequent
accumulation of these macromoleculesinside lysosomes.! The
MPS are classified according to the deficient enzyme as: MPS
I (a-L-iduronidase deficiency), MPS II (iduronate-sulfatase
deficiency), MPS III-A (heparan N-sulfatase deficiency),
MPS III-B (o.-N-acetylglucosaminidase deficiency), MPS

III-C (acetyl-CoA-a-glucosaminide acetyltransferase
deficiency), MPS III-D (N-acetylglucosamine 6-sulfatase
deficiency), MPS IV-A (N-acetylgalactosamine 6-sulfatase
deficiency), MPS IV-B (j3-galactosidase deficiency), MPS VI
(N-acetylgalactosamine-4-sulfatase deficiency), MPS VII
(B-glucuronidase deficiency), and MPS IX (hyaluronidase
deficiency). It is estimated that the combined incidence of
this group of diseases is 1:25,000 live newborns.2
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Each type of MPS is associated with great clinical
heterogeneity. As to MPS I, for instance, its most severe
form (characterized by mental retardation, severe somatic
involvement and death before the age of 10 years) is
usually called Hurler syndrome. Its mild form (characterized
by preserved cognition and less somatic involvement) is
called Scheie syndrome.3 In all MPS types, the following
findings are frequent: macrocephaly, hepatosplenomegaly,
umbilical and inguinal hernias, bone dysplasia, delayed
motor development, hearing loss, respiratory difficulty, facial
and dental alterations, enlarged tongue, heart disease, and
limitation of joint mobility. Corneal cloudingis not frequentin
MPS II, IIT and IV; MPS IV and VI are not usually associated
with mental retardation.4-6

MPS treatment may be symptomatic or specific.
Symptomatic treatment addresses the disease complications,
such as the use of medication for heart insufficiency. The
specific treatment seeks to replace the deficient enzyme,
and includes when recommended hematopoietic cells
transplantation and enzyme replacement therapy (ERT);
the latter is available for MPS I, II and VI.10-12

In the literature there are few studies regarding speech
and language evaluation in patients with MPS, and most
are focused on aspects related to speech and language
development.13-15 The main objective of this study was
to describe the alterations found in the stomatognathic
system and functions of patients with MPS.

Methods

This is a cross-sectional and observational study,
approved by the Research Ethics Committee of Hospital
de Clinicas de Porto Alegre (HCPA). The study assessed
patients with MPS seen at the MPS outpatient clinics of the
Medical Genetics Service at HCPA, which is an international
reference center for the diagnosis and treatment of this
group of diseases. The patients were invited to participate
in the study at one of their visits to the clinics in 2006/2007
and were included in the study only after signing an
informed consent form. Inclusion criterion was existence
of biochemical or molecular diagnosis of any type of MPS.
The situation of current or past treatment was not part of
the inclusion or exclusion criteria.

Assessment comprised phonoaudiological anamnesis,
physical exam, and medical file review. Anamnesis and
physical exam were based on Bianchini, Junqueira, Morales
and Marchesan!6-1° and were performed by phonoaudiologist
that wrote this paper, not blinded to patients’ treatment
status, on a consultation of around one hour. Anamnesis
was obtained from the patient or guardian. Physical
examination consisted of evaluation of stomatognathic
system structures (lips, tongue, cheeks, mandible, hard
palate, soft palate, palatine tonsils and dental arch) and
stomatognathicfunctions (suction, mastication, swallowing,
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breathing and speech). Examination of tongue, cheeks,
palate, palatine tonsils and teeth was performed with
the aid of gloves, spatula and flashlight. Evaluation of
mastication was performed using solid food (bread roll);
solid food (bread roll) and liquid (water) in a glass for
swallowing; and plastic straw and liquid (water) in a
glass for suction.

Data were grouped into a Microsoft Excel table and further
analyzed using the Statistical Package for the Social Sciences
(SPSS) 14.0 for Windows. Variables with data available to
more than 50% of the sample were analyzed. Categorical
variables were summarized by means of frequencies and
percentages. Continuous variables with normal distribution
were summarized by mean and standard deviation values,
while those with asymmetrical distribution were summarized
by means of median values and interquartile ranges. MPS
types that individually corresponded to over 10% of the
sample were compared as to the most frequent alterations
found in each of the stomatognathic structures and functions
assessed. MPS I, II and VI patients on ERT or not on ERT
were also compared as to these variables; due to the sample
size, the effect of ERT was not analyzed according to the
exposed MPS subgroups. Statistical tests used to perform
such comparisons were chi-square or Fisher’s exact test
applying Bonferroni’s correction.

Patients were not compared in relation to being or not
on phonoaudiological treatment because exposure to this
type of intervention was not homogenous in the sample,
including different professionals and techniques, in addition
to a different number of weekly sessions.

Results

Eighty-six patients with MPS were evaluated at the
Medical Genetics Service of HCPA during the study period
(MPS I = 15; MPS II = 37; MPS III-B = 2; MPS IV-A =
5; MPS VI = 27). Of these, 78 agreed to participate and
their data are summarized in Table 1. As to origin, 74/78
patients were Brazilian: 29 (39.2%) from the South,
26 (35.1%) from the Southeast, 14 (18.9%) from the
Northeast, three (4.1%) from the North, and two (2.7%)
from the Midwest. Mental retardation was presentin 17/78
(21.8%) patients (MPS I severe form = 4/14 or 28.6%;
MPS 1II severe form = 11/35 or 31.4%; and MPS III-B =
2/2). Major visual deficit was present in 9/78 (11.5%)
patients, all with MPS VI. Two patients had a tracheotomy
tube (both had MPS VI). MPS I, II and VI each accounted
for more than 10% of the total sample, and were included
in subgroup analysis. During the evaluation, 18 patients
were receiving phonoaudiological treatment, and 40 were
given ERT (at the Medical Genetics Service of HCPA).

Anamnesis

In terms of maternal breastfeeding, 62/76 (81.6%)
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Table 1 - Characterization of patients with MPS evaluated in this study (n = 78)

Patients Gender Mean age at evaluation Number of patients
Type of MPS (n) (male/female) + SD (years) in ERT*
MPS I 14 5/9 12.6+9.4 11 (10; 6-18)
MPS II 35 35/0 11.9+6.5 19 (25; 18-30)
MPS III-B 2 1/1 11.0+£2.8 0
MPS IV-A 4 2/2 11.0+£3.4 0
MPS VI 23 13/10 10.4+4.7 10 (19; 14.2-24.5)
Total 78 56/22 11.5+6.4 40 (19.5; 14-26)

ERT = enzyme replacement therapy; MPS = mucopolysaccharidosis; SD = standard deviation.

* Median in months of ERT; interquartile range.

patients were breastfed at some time in their lives
(median of breastfeeding time = 6 months; interquartile
range = 3-18); of these, four (6.4%) were foreigners.
Median of breastfeeding time considering only Brazilian
patients was 8 months (interquartile range = 3-18).
Use of baby bottle occurred in 69/76 (90.8%) patients
(median of baby bottle use = 30 months; interquartile
range = 15.7-58.5). Use of pacifier was reported by 53/77
(68.8%) patients (median of pacifier use = 36 months;
interquartile range = 24-72).

Information on food consistency consumed until 2
years of age was obtained from 74/78 patients, being
adequate in 62/74 (83.8%) The other patients consumed
only pasty foods until 2 years of age. At the time of the
study, consistency of the food was normal in 66/77 (85.7%)
patients (the others ingested only pasty foods). In terms
of deleterious habits, there was presence of onychophagia
in 13/77 (16.9%) patients and bruxism in 7/77 (9.1%).
With regard to sleep, 48/73 (65.7%) reported occurrence
of drooling, 35/78 (44.9%) reported snoring, and 23/76
(30.3%) reported apnea. As to previous surgeries, 42/76
(55.3%) patients had undergone adenoidectomy, 25/76
(32.9%) myringotomy with placement of ventilating tubes,
and 18/76 (23.7%) tonsillectomy.

Physical examination

Cognitive, visual and joint deficits found in many patients
made physical examination difficult, especially in items
regarding stomatognathic functions. Physical examination
could not be performed in one patient (MPS I severe form);
in another patient (also MPS I severe form) any function
could be evaluated, only the stomatognathic system was
partially evaluated and had normal results. All the other
patients had some abnormality on physical exam, which is
summarizedin Tables 2 and 3. The most frequently impaired
structures of the stomatognathic system were the dental
arch and tongue (98.4 and 95.9% of patients, respectively,
had some type of change); the other structures (lips,

cheeks, mandible and hard palate) were each compromised
in 70-90% of patients. The most impaired functions were
swallowing and mastication (98.5 and 95.3% of patients,
respectively, had some type of change); the other functions
(suction, breathing and speech) were each impaired in 65-
80% of patients. Soft palate and palatine tonsils could not
be evaluated in more than 50% of the sample. For that
reason, such variables were not included in Table 2.

MPS I, I and VI were compared in relation to frequency
of the most prevalent changes on physical exam (Table
4). When Bonferroni’s correction was applied, only the
habitual position of the tongue between teeth had significant
statistical difference (more frequent in MPS VI). In a
comparison of groups with and without ERT, after application
of Bonferroni’s correction, there was significant statistical
difference only in relation to oral breathing mode (more
frequent in the group without ERT).

Discussion

MPS are severe, chronic, multisystemic genetic diseases
associated with wide heterogeneity and high morbidity and
mortality rate in childhood.1.20 Although clinical suspicion
of MPS can be easily performed by a basic healthcare
professional when the patient has the complete extent of the
disease (thatis, in more advanced stages), its identification
in earlier stages or in mild or atypical cases is more difficult
and requires a deeper knowledge of the disease.

The diagnostic path that MPS patients have to follow
is long and expensive: in average diagnosis is performed
4.8 years after symptom onset; during this period, such
patients see four to five specialists in average, require
one to two hospitalizations and are submitted to one or
two surgical procedures.2! In addition, confirmation of
diagnosis (and type of MPS as each type is caused by
a specific enzyme deficiency) is dependent on complex
laboratorial tests that are not currently available in the
Brazilian public health system.
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As a consequence, mean diagnostic age in Brazilian
patients (76 months) is higher than the double of that
found in developed countries.?! Since the pediatrician
is the health professional most frequently sought by
patients/relatives with MPS when clinical manifestations
occur,2! it is crucial that such professionals know about
the clinical signs associated with this group of diseases,
as well as of the currently available possibilities of
management and treatment.
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Within such context, this study indicates that alterations
in lips, tongue, cheeks, mandible, hard palate and dental
arch are frequent in patients with MPS, as well as their
functional correspondents (suction, mastication, swallowing,
breathing and speech). Such finding is in accordance with
what is expected from the information available in the
literature on orofacial motricity and MPS, which particularly
comes from chapters of specialized books about inborn
errors of metabolism.1.20 This article is the first to present

Table 2 - Evaluation of stomatognathic structures of patients with MPS**#

Stomatognathic structures

Most frequent finding (%)

Second most frequent finding (%)

Lips (n = 77)

Aspect

Habitual position

Upper tonus

Lower tonus

Mobility
Stretching
Protrusion
Vibration
Lateralization

Frenulum

Mentalis muscle tonus

Tongue (n = 74)

Aspect

Tonus

Habitual position

Mobility
Protrusion
Vibration
Widening
Crackling
Elevation
Lateralization

Frenulum

Cheeks (n = 69)
Appearance
Internal tonus
Mobility
Internal teeth marks

Mandible (n = 59)
Mobility

Opening
Rotation
Lateralization

Hard palate (n = 66)
Aspect

Dental arch (n = 66)
Anterior open bite
Lateral cross bite
Occlusion

Normal (53.2)
Separated (66.2)
Normal (71.4)
Normal (64.3)

Normal (100)
Normal (100)
Normal (84.7)
Normal (81.1)
Normal (100)
Hyperfunctional (93.2)

Normal (64.3)
Normal (62.9)
Between teeth (49.3)

Normal (100)
Normal (67.3)
Normal (90.9)
Normal (83.9)
Normal (94.6)
Normal (92.9)
Normal (98.2)

Asymmetric (76.6)
Normal (82.5)
Normal (98.3)
Absence (92.6)

Normal (81.4)
Difficulty to perform the movement (74.5)
Normal (70.9)

Ogival (71.2)

Present (84.8)
Absent (62.1)
Distocclusion (54.1)

Shortened upper (20.8); everted lower(20.8)
Sealed (33.8)
Hypofunctional (20)
Hypofunctional (27.1)

Difficulty to perform the movement (15.3)
Difficulty to perform the movement (18.9)

Normal (6.8)

Enlarged (32.9)
Hypofunctional (37.1)
Inferior alveolar region (45.2)

Difficulty to perform the movement (32.7)

Difficulty to perform the movement (9.1)

Difficulty to perform the movement (16.1)

Difficulty to perform the movement (5.4)

Difficulty to perform the movement (7.1)
Short (1.8)

Symmetric (23.4)
Hypofunctional (12.3)
Difficulty to perform the movement (1.7)
Presence (7.4)

Difficulty to perform the movement (18.6)
Normal (25.5)
Difficulty to perform the movement (29.1)

Normal (28.8)

Absent (15.2)
Present (37.9)
Neutrocclusion (32.8)

MPS = mucopolysaccharidosis.

* No variable could be evaluated on physical exam in one patient (see Results). In another patient only the stomatognathic system could be evaluated.

Therefore, of the 78 patients included in the study, 77 had their stomatognathic structures evaluated and 76 had their stomatognathic functions evaluated.
t Habitual position represents the position at rest in which lips, tongue and dental arch are found.
t Only variables that could be evaluated for more than 50% of the sample are described.
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Stomatognathic functions

Most frequent finding (%)

Second most frequent finding (%)

Suction (n = 50)
Efficiency
Tongue posture
Lip posture
Mastication (n = 64)
Symmetry
Lip position
Speed
Mandible mobility
Bite
Swallowing (n = 67)
Mentalis muscle tonus
Perioral muscles
Lingual projection
Compensatory movement
Breathing (n = 74)
Mode
Type
Nasal cavities
Speech (n = 62)
Tongue protrusion
Phoneme changes
Phoneme omission

Normal (92)
Normal (88.9)
Pressed (71.1)

Symmetrical (73.7)
Separated (65.6)
Slow (89.8)
Vertical (92.6)
Anterior (55)

Hyperfunction (96.4)
Normal (53.7)
Absent (78.5)
Absent (90.9)

Oral (71.6)
Costodiaphragmatic (47.7)
Normal (70.1)

Presence (74.2)
Absence (69.4)
Absence (85.5)

Inefficient (8)
Protrusion (11.1)
Protrusion (28.9)

Asymmetrical to the left (15.8)
United (34.4)
Fast (10.2)
Normal (7.4)
Lateral (45)

Normal (3.6)
Altered (46.3)
Present (21.5)
Present (9.1)

Nasal (28.4)
Upper (32.3)
Obstructed (28.4)

Absence (25.8)
Presence (30.6)
Presence (14.5)

MPS = mucopolysaccharidosis.

* No variable could be evaluated on physical examination in one patient (see Results). In another patient only the stomatognathic system could be evaluated.
Therefore, of the 78 patients included in the study, 77 had their stomatognathic structures evaluated and 76 had their stomatognathic functions evaluated.
+ Only variables that could be evaluated for more than 50% of the sample are described.

Table 4 - Distribution, according to type of MPS, of the most frequent changes found in evaluation of the stomatognathic system and
functions
MPS I (n = 13/14) MPS II (n = 35) MPS VI (n = 23)

Change n (%)* n (%) n (%) p
Hyperfunction of mentalis muscle at rest 12/13 (92.3) 29/32 (90.6) 22/22 (100) 0.398"
Habitual tongue position between teeth 3/12 (25) 13/33 (39.4) 18/23 (78.3) 0.003%8
Cheek asymmetry 6/10 (60) 23/28 (82.1) 18/22 (81.8) 0.309"
Difficulty in mandible rotation 6/9 (66.7) 17/21 (81) 15/18 (83.3) 0.652"
Ogival palate 9/13 (69.2) 19/28 (67.9) 17/21 (81) 0.569%
Anterior open bite 10/11 (90.9) 20/27 (74.1) 23/23 (100) 0.01778
Suction with pressed lips 4/6 (66.7) 21/26 (80.8) 5/11 (45.5) 0.083"
Vertical mastication mode 6/7 (85.7) 24/24 (100) 20/21 (95.2) 0.127F
Hyperfunction of mentalis muscle in swallowing 7/8 (87.5) 27/28 (96.4) 17/17 (100) 0.380"
Oral breathing mode 9/12 (75) 19/33 (57.6) 21/23 (91.3) 0.021%8
Tongue protrusion in speech 7/10 (70) 21/28 (75) 17/21 (81) 0.780"

MPS = mucopolysaccharidosis.

No physical examination item could be evaluated in one patient with MPS I.

t Fisher’s exact test.
t Chi-square test.

§ p < 0.05.When Bonferroni’s correction was applied, only habitual tongue position between teeth had significant statistical difference between types of MPS.
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such information systematically, using a relatively adequate
sample size (considering that MPS are rare diseases) and
including determination of frequency of findings between
MPS types and evaluation of ERT.

Although many of the alterations found can be explained
by the accumulation of GAG in every tissue and by the
fact that patients with MPS present generalized skeletal
dysplasia often associated with neurological involvement,
we put forward the hypothesis, as explained below, that
the development of such alterations is also dependent on
environmental components (such as maternal breastfeeding
time). This would reinforce the potential benefits of pediatric,
otorhinolaryngologic, speech therapy, and dental care
interventions.

Anamnesis data showed maternal breastfeeding time
in Brazilian patients shorter than that recommended by
the World Health Organization (24 months), but relatively
similar to that of the Brazilian population (10 months).22
This shorter breastfeeding time may be considered as a
negative point, since breastfeeding, by exercising orofacial
musculature and stimulating respiratory, swallowing,
mastication and phonation functions, fosters a proper
craniofacial development.

Breastfeeding movements also favor lip seal at rest, the
correction of physiological mandibular retrognatism and
tongue position in the palatine region of central incisive
teeth. This muscular balance enables nasal breathing,
which puts pressure onto the palate forcing it to lower and
expand and generating space for adequate tooth eruption.
Therefore, the high prevalence of habitual position of
separate lips and tongue between teeth, hyperfunctional
mentalis muscle, distocclusion, ogival palate and anterior
open bite found in the sample could be partially explained
by the relatively short time of breastfeeding. The relatively
long use of the baby bottle could also contribute to these
findings. A study states that the use of the baby bottle has
a negative impact on orofacial development.23 The sample
used pacifiers for a long time, and it is known that there
is an association between the use of pacifier and a shorter
maternal breastfeeding time.2* As previously mentioned,
patients with MPS are diagnosed in Brazil with median age
of 76 months,2! that is, after the breastfeeding period.
However, clinical manifestations usually start on average
at the age of 18 months,2! in other words, also after the
breastfeeding period. Thus, one would not expect the
breastfeeding period of patients with MPS to be different
from that of the Brazilian population in general. And this is
accordance with the findings of the present study.

Another interesting finding concerns ingestion of pasty
food only until the age of 2 years, which was relatively
frequent. We know that this contributes to the occurrence
of malocclusion (open and crossed bite), low-quality
mastication (separate lips, very slow mastication) as well
as alterations in the development of the stomatognathic
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system, 2> these alterations were frequent among the patients
assessed in the present study .

The association between MPS and occurrence of
adenotonsillar hypertrophy, enlarged tongue and limitation
of mouth opening/mandible anomalies is well known.5:26-30
Although it has not been possible to evaluate prevalence
of adenotonsillar hypertrophy, the other findings were
frequent in the sample. They bring patients an increased
risk of oral breathing and obstructive apnea and other sleep
disorders, in addition to a greater need of adenoidectomy and
tonsillectomy,26-30 also present in this sample. However, itis
important to stress that most patients had normal mandible
opening. In the authors’ opinion, prevalence of alterations
in this item, as well as in that relative to suction efficiency,
in which most patients were also classified as normal, is
underestimated - evaluations of mandible mobility and
suction presented some difficulties on physical examination,
which can be inferred from the lower sample size of these
variables in comparison with the others. Therefore, the
majority of patients were those who collaborated with the
examination, that is, those who potentially had a milder
somatic involvement and absence of cognitive deficit.

The analysis performed to identify the differences
between clinical manifestations and the type of MPS
showed the presence a higher number of patients with
MPS VI with a habitual position of the tongue between the
teeth when compared to MPS I and MPS II patients. This
finding may probably be explained by the fact that in the
present sample MPS VI patients were the most severely
compromised from the somatic perspective, being even the
only patients with tracheostomy and severe visual deficit. If
Bonferroni’s correction had not been applied, open bite and
oral breathing would also be considered more frequentin this
type of MPS. This suggests that these three manifestations
(habitual tongue position between the teeth, open bite and
oral breathing) are related.

Considering patients with MPS I, IT and VI submitted or
not to ERT, there was statistically significant difference in
relation to oral breathing, which was more frequent in the
group not exposed to ERT. One limitation of such finding is
that data collection and analysis were not blinded. However, it
isinaccordance with data from the literature, which suggest
a positive clinical effect of ERT on upper airways.10-12

A small number of patients were undergoing speech
therapy during the study period. Among the possible
reasons for that are difficulty to access this form of
treatment; lack of knowledge of the high prevalence of
speech abnormalities in patients with MPS by assistant
physicians; and absence of evidence on the benefits
of such intervention.!> The rational of speech therapy
treatment for orofacial motricity in patients with MPS
would be that, if applied correctly, it would increase
muscle tonus, change some functional patterns and prevent
deviations in craniofacial development. also, the sooner
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the diagnosis of these patients is established more the
phonoaudiologist will be able to help prevent certain clinical
manifestations of this disease. In this manner, guidance
to parents, especially in issues such as breastfeeding and
mastication of adequate food consistency could perhaps
reduce the frequency of some of the findings of the
present study. These hypotheses should be confirmed
by future studies.

In general, the data obtained in this study reinforce
the circularrelationship “cause-effect-cause-effect” present
in MPS: the high frequency of alterations in structures
of the stomatognathic system is associated with a high
frequency of alterations in stomatognathic functions, which
in turn can worsen structural alterations. In the authors’
opinion, only a combined and coordinated action by all
health professionals involved in providing care to patients
with MPS can break this circular relationship and provide
better quality of life to patients.
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