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Abstract

Introduction: Prader-Willi Syndrome (PWS) is a genetic disorder caused by the lack of expression of certain
paternal genes located on chromosome 15q11-q13. This anomaly causes cognitive, neurological and endocrine
abnormalities, among which one of the most important is hyperphagia. The aim of this study was to assess the oral
health of children with PWA and to establish preventive criteria.

Results: Thirty patients with PWS (mean age 10.2 years) and 30 age- and gender-matched controls were included
in the study. Twenty-six patients with PWS(86.6%) followed dietary treatment prescribed by their endocrinologist.
Individuals with PWS had a mean caries index of 53.3% and Decayed Missing Filled teeth (DMFT) index 2.5, and
53.3% had gingivitis, in the control group the respective figures were 43.3%, 0.93, and 60%. Only the DMFT index (p
0.017) presented significant differences. Regarding stimulated salivary secretion, patients with PWS presented a
mean of 0.475 ml/min with a pH of 6.15, while controls presented a mean of 0.848 ml/min with a pH of 7.53; the
differences between the groups were statistically significant in both cases (p 0.032 and p 0.0001 respectively). The
population with PWS presented a higher plaque index (> 2) than their healthy peers, but the differences were not
significant.

Conclusion: Pediatric patients with Prader-Willi syndrome have an increased risk of caries and gingivitis. The
children with this syndrome have a decreased salivary flow and a more acidic salivary pH. In these patients, dental
care is an essential part of their multidisciplinary medical treatment.
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Introduction
The condition now known as Prader-Willi Syndrome
(PWS) was first described by Langdon-Down in 1887, and
the term Prader Labhart Willi Syndrome (later shortened
to Prader-Willi Syndrome) was coined by Prader, Labhart
and Willi in 1956 [1–5]. Currently, most authors agree
that PWS is a complex multisystemic genetic disorder
caused by the lack of expression of certain paternal genes
located on the chromosome 15q11-q13 [4, 6, 7].

In 1981, Ledbetter demonstrated that most patients
with PWS had an interstitial deletion of the proximal
long arm of chromosome 15 at region q11–q13. Conse-
quently PWS was described as one of the first examples
of an error in genomic imprinting (GI) in humans. GI is
a molecular process by which some genes are not
expressed, due to the carrier parent. It is an epigenetic
phenomenon in which the phenotype is modified de-
pending on the mono-allele gene that is inherited from
one of the parents. Therefore, the printing marks the
genes in such a way that the origin of the two copies can
be distinguished, with one parent’s copy being activated
and the other’s copy silenced [8–10]. In the case of
PWS, the process depends on the father, there is a frag-
ment of the father’s chromosome 15q that is imprinted,
that is to say, silenced, and so it is not expressed [9–11].
There are three genetic subtypes of PWS, whose com-

mon feature is the loss of expression of genes located at
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the 15q11-q13 locus. In descending order of frequency,
these subtypes are: the deletion (DEL) of the 15q11-q13
region of paternal origin in about 65% of cases; maternal
uniparental disomy (MUD) in about 30%, in which the
individual presents two copies of the maternal chromo-
some 15; an imprinting center defect in less than 5% and
rare cases of translocation involving the chromosome
15q11-q13 region [10]. This genetic anomaly leads to a
pattern of physical characteristics with cognitive, neuro-
logical and endocrine abnormalities that change over the
course of the patient’s life [12].
So PWS is a rare genetic disorder that can affect any

race and sex [5, 8, 12–14] and has an estimated prevalence
of 3.1: 100000 live newborns in Europe [15]. With regard
to the patient’s eating habits, it is characterized by two
stages. Newborns present severe hypotonia (Fig. 1), global
developmental delay and lack of appetite. As a result they
have difficulty gaining weight, and in most cases, feeding
via nasogastric tube is necessary [4, 6, 13]. The second
stage begins during early childhood; it is characterized by
an eating disorder known as hyperphagia, which favors
overweight and obesity [4, 6, 13, 16, 17].
In fact, PWS is the genetic syndrome most commonly

associated with obesity, and its complications decrease
life expectancy [4, 6, 9, 18, 19]. Apart from hyperphagia,
patients also have a malfunctioning hypothalamus. The
hypothalamus is a part of the brain that is responsible
for integrating the nervous and endocrine systems
which, together with the pituitary system, regulate as-
pects of growth, development, metabolism and homeo-
stasis. Its main functions are the control of the
autonomic nervous system by regulating visceral activity
and the secretion of several glands; the production of
hormones such as the growth hormone; the regulation
of emotions, memory and behavior; the regulation of ap-
petite; control of body temperature, and regulation of
the heart rate and states of consciousness [20].

As a result, hypothalamic alterations can cause intel-
lectual disability, behavioral problems, thermoregulatory
dysfunction, a high pain threshold, respiratory sleep dis-
orders, hypopigmentation, hypogonadism, pubertal delay
and infertility, short stature, and small hands and feet
(Fig. 2) [8, 21].
As for the facial phenotype, patients with PWS usually

present a narrow forehead, elongated almond-shaped
eyes with ascending oblique palpebral fissures, and a tri-
angular mouth with commissures facing downwards and
thin upper lip [1, 22–24].
The dietary problems associated with this general sys-

temic condition increase the risk of oral pathology. It
has been observed that patients with PWS are at greater
risk of suffering oral diseases such as enamel hypoplasia,
caries, tooth wear caused by attrition, erosion or abra-
sion, periodontal disease, delayed tooth eruption, candid-
iasis, oral lesions and decreased salivary flow (Fig. 3) [1,
18–20, 22, 24–26].
The Prader-Willi syndrome is characterized by low

salivary quantity and quality due to atrophy of the saliv-
ary glands, which in turn is due to the low birth weight.
Increased amounts of salivary ions and proteins make

Fig. 1 Hypotonia in a newborn with PWS Fig. 2 Physical characteristics of PWS
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the saliva sticky, sparse and unable to perform its func-
tions (Fig.4) [25, 27, 28]. The enamel hypoplasia may be
caused by malnutrition and low birth weight, and is as-
sociated with the first phase of the syndrome [27, 29]. In
addition, the combination of the lack of oral hygiene, re-
duced salivary flow and the preference for foods high in
carbohydrates raises the risk of caries and gingivitis [18,
19, 24, 30]. These alterations in the oral cavity may be
aggravated by the hypotonia which hinders suction,
swallowing and chewing and makes the introduction of
a soft diet mandatory [25].
The aim of this case-control study was to evaluate the

oral conditions of children with Prader-Willi syndrome
and to establish a prevention protocol for these patients.

Materials and methods
A cross-sectional observational case-control study was
designed and carried out between 2016 and 2017, in
which 60 participants from the Sant Joan de Déu Hos-
pital were enrolled: 30 patients with PWS (cases) and 30
age- and gender-matched healthy patients (controls).
Participants’ socio-demographic variables were re-

corded in a questionnaire. The nature of the study
was explained to the parents or guardians who pro-
vided signed informed consent, prior to their chil-
dren’s enrolment. If a child was following a medically
prescribed diet, this was recorded. Both the oral
examination and the salivary sampling were carried
out in the dental office.

The type of dentition of each patient was registered
and classified into deciduous, mixed or permanent. Sub-
sequently, the Decayed Missing Filled teeth (DMFT)
index was calculated for each individual and the accu-
mulation of plaque was estimated using the Silness and
Löe plaque index [31]: 0- No plaque in the gingival area;
1- A film of plaque adhering to the free gingival margin
and adjacent area of the tooth. The plaque may be seen
in situ only after application of disclosing solution or by
using the probe on the tooth surface; 2- Moderate accu-
mulation of soft deposits within the gingival pocket or
the tooth and gingival margin, visible with the naked
eye; and 3- Abundance of soft matter within the gingival
pocket and/or on the tooth and gingival margin.
The presence or absence of gingival inflammation

(gingivitis) was evaluated using the Löe and Silness
gingival index [32]: 0- Normal gingiva, no inflamma-
tion, no change of color, no bleeding; 1- Mild inflam-
mation, slight change in color, slight edema, does not
bleed when probing; 2- Moderate inflammation, red-
ness, edema and glazing, bleeding on probing and
pressure; and 3- Severe inflammation, marked redness
and edema, ulceration with tendency to spontaneous
bleeding.
Finally, tests were carried out to quantify salivary pH.

To obtain the saliva, we used the GC Saliva Check Buffer®
Kit, a test specifically designed to assess saliva volume.
Each patient was asked not to eat for two hours and to
chew a paraffin tablet for two minutes and the volume of

Fig. 3 a.b/ Deciduous dentition. Observe the areas of attrition with severe incisal wear, and erosions present in vestibular areas; c/ Deciduous
dentition. Dental malocclusion with anterior crossbite in the incisor region

Fig. 4 PWS patients present thickened, sticky saliva. See the clinical manifestations in the images
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stimulated saliva was recorded, considering a value of 1.2
ml/min to be normal. Once this process was complete,
saliva pH was measured by applying a drop of saliva on
top of a Lyphan® test strip (Neuhaus, Germany). A score
between 6.75 and 7.25 was considered normal.
After obtaining the results, the descriptive statistics of

the study sample were recorded. The between-groups
comparisons were made by means of the Chi-square test
for qualitative variables and the Student’s t-test and
Spearman’s rho for quantitative variables, accepting a p
level < 0.05 as significant.

Results
Of 43 patients genetically diagnosed with PWS at the
Sant Joan de Déu Hospital, 30 were attended at the den-
tistry. All of them received growth hormone treatment.
Both case and control populations consisted of 12 fe-
males and 18 males, with a mean age of 10.2 years (range
2–18 - SD 5.314). Twenty-six patients with PWS (86.6%)
were receiving low calorie and low sugar dietary treat-
ment in order to avoid obesity and its possible
consequences.
Dentition was deciduous in 20% of the cases, mixed in

46.7% and permanent in 33.3%; in the control group the
figures were 26.7, 40.0 and 33.3% respectively. Patients
with PWS had a caries index of 53.3% and a DMFT of
2.5 (SD 3.170), and 16 (53.3%) had gingivitis. The

controls had a caries index of 43.3% and a DMFT of
0.93 (SD 1.311), and 12 (40%) had gingivitis. About 70%
of the population with PWS had a higher plaque index
(grade > 2) than controls, of whom 56% presented mild
plaque (grade < 1). PWS presented stronger associations
with clinical gingivitis than controls, but the differences
were not significant. Other findings identified during the
bucodental examination in the PWS group were dental
erosion, attrition or wear in nine (30%), angular cheilitis
in three, and enamel hypoplasia in only two. In the
group of healthy patients only three presented attrition
or wear, and none presented angular cheilitis/oral le-
sions (Table 1).
In the tests to determine the quantity of stimulated

saliva in ml/min and the pH, not all the participants
were able to cooperate fully, due to intellectual disability
in some cases and young age in others. Greater cooper-
ation was obtained from healthy patients than from pa-
tients with PWS. Regarding stimulated saliva, the mean
volume for cases was 0.475 (SD – 0.571) ml/min with a
mean pH of 6.15 (SD – 0.818), compared with figures of
0.848 ml/min (SD – 0.493) and 7.53 (SD – 0.776) re-
spectively in the controls (Table 2).
The between-group comparison revealed statistically

significant differences both in the DMFT index (p 0.017)
and in the quantification of ml/min (p 0.032) and pH of
the saliva (p 0.0001): PWS cases presented lower salivary

Table 1 Descriptive statistics of the oral conditions in the sample

Parameters PWS n (%) Control n (%)

Sex Male 18 (60%) 18 (60%)

Female 12 (40%) 12 (40%)

Age Mean age (years) 10.2 years (range 2 to18 - SD 5.314)

Type of dentition Deciduous n (%) 6 (20.0%) 8 (26.7%)

Mean age 3.16 3.87

Mixed n (%) 14 (46.7%) 12 (40.0%)

Mean age 8.66 9.5

Permanent n (%) 10 (33.3%) 10 (33.3%)

Mean age 16.2 16.1

Plaque Index 0 3 (10.0%) 2 (6.7%)

1 6 (20.0%) 15 (50.0%)

2 14 (46.7%) 8 (26.7%)

3 7 (23.3%) 5 (16.6%)

Gingival Index 0–1 14 (46.7%) 18 (60.0%)

2 16 (53.3%) 12 (40.0%)

3 0 0

Dental erosion, attrition or wear 9 (30.0%) 3 (10.0%)

Enamel hypoplasia 2 (6.7%) 0

Angular cheilitis-oral lesions 4 (13.3%) 0

Candidiasis 0 0
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flow, a more acidic pH and a higher DMFT index than
controls (Table 2). Comparing the DMFT index versus
stimulated saliva, saliva pH and the plaque index, the
only statistically significant differences were observed in
healthy individuals between the DMFT (0.93) and saliva
pH (7.53). With more alkaline pH, the controls’ caries
indices were lower (p < 0.05) (Table 3).

Discussion
PWS is a genetic alteration that causes a hypothalamic
dysfunction, which manifests itself in the form of physical,
neurological and endocrine disorders, above all hyperpha-
gia. Several hypotheses have been proposed regarding the
eating disorders associated with the syndrome. McAllister
et al. (2011) suggested that during the first years of life in
these patients an excess of leptin, a satiating hormone,
may favor poor feeding. At later ages, ghrelin, an appetite-
regulating hormone, may be involved in the development
of hyperphagia. PWS seems to be related more to the lack
of satiety than to the feeling of hunger [17]. Because of
their lack of control over feeding, patients must follow a
strict fiber-rich diet (1100-1200Kcal) monitored by an
endocrinologist [4, 6, 26].
PWS is a rare disease, most of the studies of the syn-

drome published to date are clinical case reports, and few
studies have been carried out with large samples. At our
institution we were able to group together a relatively
large sample of patients under the “Prader Willi functional
plan”, in which different services perform clinical controls
of these patients at the same time and on the same day.
For this reason, we were able to study a range of variables

that provided us with a broad overview of the oral-dental
health status of patients with PWS.
Due to the patients’ general state of health the risk of

caries is high, even during the first year of life. Patients
should be referred to the pediatric dentist, and periodon-
tal prophylaxis should be performed every 3–4 months
[33]. Several authors attribute the increased incidence of
caries to poor oral hygiene and increased frequency of
food consumption, in combination with alterations in
saliva (in terms of quantity and viscosity) [18–20]. In an
acidic environment, tooth enamel undergoes a process
of demineralization which increases the risk of tooth
decay. Saliva flow after food intake helps increase plaque
pH, which has previously fallen due to the exposure to
sugars and carbohydrates in the diet [34].
However, Saeves et al. (2012) found no significant dif-

ference between the risk of caries in individuals with
PWS and in healthy patients [22]. In the present study,
no significant differences were found regarding the car-
ies indices between the populations, though caries were
more frequent in individuals with PWS. In comparison
to PWS patients, cerebral palsy patients of a similar age
treated at our pediatric dentistry department presented
lower scores on the DMFT index (2.8) and the plaque
index (70% grade 3) and lower rates of gingivitis (80%
moderate-severe).
According to Dougall and Fiske (2008) the poor oral

hygiene of patients with PWS predisposes them to oral
diseases [19]. Even so, recent research has reported an
improvement of oral hygiene compared with earlier
studies [4, 6]. With regard to periodontal disease, in a
clinical case study of periodontitis in Prader-Willi Syn-
drome Yanagita M et al. (2011) concluded that peri-
odontal loss was a consequence of the combination of
dental malocclusion, occlusal trauma and poor plaque
control. In addition, the interaction of multiple affected
genes in PWS and a growth hormone deficiency may
alter the immune response and increase susceptibility to
periodontal destruction [24, 35]. The dental examination
performed in the present study did not identify peri-
odontitis in any of our patients, all of whom were treated
with growth hormone.
Olczak-Kowalczyk D et al. (2019) showed that the

mean gingival index values in PWS patients with mixed
dentition, were significantly higher than in the control
group, but the mean plaque index values were not [36].
In our sample there were more cases of gingivitis in pa-
tients with PWS than in their healthy peers, but the dif-
ferences were not statistically significant.
Most authors agree that patients with PWS present re-

duced salivary flow. Saeves et al. (2012) suggest that the
secretion of proteins in the salivary glands may be func-
tioning well or may even be overexpressed, but that the
reduction in flow affects both the quality and the

Table 2 Comparison of stimulated salivary flow, pH and DMFT
in the two populations

GROUP n Mean SD P value

ml/min PWS 18 0.475 0.5714 0.032

Control 25 0.848 0.4932

pH PWS 27 6.15 0.818 0.0001

Control 30 7.53 0.776

DMFT PWS 30 2.5 3.170 0.017

Control 30 0.93 1.311

p < 0.05. Student t-test

Table 3 Comparison of DMFT index and pH

DMFT and pH in healthy patients Correlation coefficient 0.373*

Significance (two-sided) 0.042

n 30

DMFT and pH in patients with PWS Correlation coefficient −0.150

Significance (two-sided) 0.455

n 27

p < 0.05 (Spearman’s Rho test)
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amount of saliva [22, 23]. Although patient cooperation
was a limitation for obtaining saliva, we found that the
saliva of patients with PWS was more viscous and thick.
Some researchers have reported that the type of saliva of
these patients, with reduced flow rate and molecular and
ionic changes, is incapable of remineralizing the enamel
and, therefore, promotes excessive tooth wear and in-
creases the risk of cavities [28, 37]. Olczak-Kowalczyk D
et al. also confirmed worse physical and chemical parame-
ters of saliva in subjects with PWS compared to the con-
trol group. They found a negative correlation between the
age of PWS patients and watery consistency of saliva, and
suggested that salivary viscosity may increase with age
[36]. As we mentioned above, the difficulty of obtaining
saliva in some non-collaborative patients meant that our
study lacked the statistical power needed to carry out an
in-depth analysis of this correlation between age and saliv-
ary viscosity. It has also been observed that inadequate sal-
ivary secretion may increase susceptibility to infections or
lesions in the oral mucosa, and may increase the accumu-
lation of dental plaque [20, 38]. Even so, a study of saliva
and dental caries concluded that there was little associ-
ation between values of salivary secretion and the inci-
dence of caries [39]. Although the methods we used to
obtain saliva were different from those used by González
et al. (2008) [25] and Saeves et al. (2012) [23], our stimu-
lated salivary secretion level was markedly lower than the
value stipulated as normal (1.2ml/min). In addition, our
mean pH (6.15) was slightly more acid than normal (6.75–
7.25) [40].
To be able to provide dental treatment for patients

with PWS and to obtain good levels of oral hygiene,
their ability to cooperate must be evaluated. A thorough
clinical history must be obtained and the presence of
oral diseases assessed [18]. To maintain adequate oral
hygiene, Dougall and Fiske note the usefulness of draw-
ings and posters with written text, because individuals
with PWS have good visual ability [19]. The application
of topical fluoride gels or daily rinses is recommended
and frequent preventive dental appointments should be
scheduled [19]. Other authors affirm that patients able
to cooperate can undergo dental procedures under local
anesthesia; due to patients’ poor muscle control, they
recommend the use of mouth openers [18]. Several re-
searchers stress the importance of an early diagnosis, the
observation of basic prevention guidelines from the first
year of life, and a multidisciplinary approach to the dis-
ease so as to improve quality of life [4, 6, 8, 10, 30, 33].
Within the multidisciplinary team, the role of the pediatric

dentist is essential for the management and establishment of
oral prevention guidelines for children with PWS. It is im-
portant to coordinate the appointments with different spe-
cialists on a single day, so as not to disrupt families’ daily
routines and to avoid multiple hospital visits. The protocol

described in this study was designed by a committee of ex-
perts from the same hospital and was led by the endocrin-
ology team. Other services such as genetics, neurology,
traumatology, ophthalmology psychology, gastroenterology,
pulmonology and dentistry, coordinated periodical visits
every 6–12months.

Conclusions
Pediatric patients with Prader-Willi syndrome have a
higher risk of cavities and gingivitis than the general
population. Children with this syndrome have decreased
salivary flow and a more acid salivary pH.
Although several hypotheses have been put forward

regarding the eating disorders associated with this syn-
drome, it is important to continue the study of the pro-
cesses that hinder the control of hyperphagia and the
impact of this eating disorder on oral health.
Finally, Prader-Willi syndrome is associated with an

increased risk of certain oral-dental diseases in pediatric
ages. Establishing a prevention protocol that enables
pediatric dentists to provide dental care at very early
stages of life is an essential component of the multidis-
ciplinary therapeutic approach in these patients.

Abbreviations
DMFT: Decayed Missing Filled teeth index; MUD: Maternal uniparental
disomy; PWS: Prader-Willi Syndrome

Acknowledgements
The authors thank Claudia Lluch DDS for her helpful assistance and Michael
Maudsley, an expert in scientific English, for editing the manuscript.

Authors’ contributions
CMM, LBL and STD carried out the intraoral examination and recorded
multiple variables. LBL, ACC, JMR and ARB designed the study and
supervised the findings of this work. All the authors discussed the results and
contributed to the final manuscript. All authors read and approved the final
manuscript.

Funding
The authors received no financial support for the research, authorship, and/
or publication of this article.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on request.

Ethics approval and consent to participate
Approval by ethic committee was not necessary because the basic oral
examinations were performed as part of standard dental check-ups. The pa-
tients’ parents or legal guardian(s) signed the institutional informed consent
form.

Consent for publication
Written informed consent was obtained from the patient’s legal guardian(s)
for publication and any accompanying images.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Pediatric Dentistry, Hospital Sant Joan de Déu, University of
Barcelona, Barcelona, Spain. 2Hospital Dentistry, Clinical Orthodontics and
Periodontal Medicine Research Group (HDCORPEMrg), Institut de Recerca

Munné-Miralvés et al. Orphanet Journal of Rare Diseases           (2020) 15:43 Page 6 of 7



Sant Joan de Déu (IRSJD), Barcelona, Spain. 3Department of
Odontostomatology, Faculty of Medicine and Health Sciences, University of
Barcelona, Barcelona, Spain.

Received: 15 July 2019 Accepted: 3 February 2020

References
1. Belengeanu D, Bratu C, Stoian M, Motoc A, Ormerod E, Codruta Podariu U,

et al. The heterogeneity of craniofacial morphology in Prader-Willi patients.
Romanian J Morphol Embryol. 2012;53(3):527–32.

2. Skokauskas N, Sweeny E. Mental health problems in children with Prader-
Willi syndrome. Acad Child Adolesc Psychiatry [Internet]. 2012;21(3):194–203
Available from: http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3413469/.

3. Cataletto M, Angulo M, Hertz G, Whitman B. Prader-Willi syndrome: A primer
for clinicians. Int J Pediatr Endocrinol [Internet]. 2011;2011(1):12 Available
from: http://ijpeonline.biomedcentral.com/articles/10.1186/1687-9856-2
011-12.

4. Elena G, Bruna C, Benedetta M, Stefania DC, Giuseppe C. Prader-Willi
syndrome: clinical aspects. J Obes. 2012;2012:1–12.

5. Bar C, Diene G, Molinas C, Bieth E, Casper C, Tauber M. Early diagnosis and
care is achieved but should be improved in infants with Prader-Willi
syndrome. Orphanet J Rare Dis. 2017;12(1):1–6.

6. Goldstone AP, Holland AJ, Hauffa BP, Hokken-Koelega AC, Tauber M.
Recommendations for the diagnosis and management of Prader-Willi
syndrome. J Clin Endocrinol Metab. 2008;93(11):4183–97.

7. Brambilla P, Crinò A, Bedogni G, Bosio L, Cappa M, Corrias A, et al.
Metabolic syndrome in children with Prader-Willi syndrome: the effect of
obesity. Nutr Metab Cardiovasc Dis. 2011;21(4):269–76.

8. Cassidy SB, Driscoll DJ. Prader-Willi syndrome. Eur J Hum Genet. 2009;17(1):
3–13.

9. Butler MG. Prader-Willi syndrome: obesity due to genomic imprinting. Curr
Genomics. 2011;12:204–15.

10. Milner KM, Craig EE, Thompson RJ, Veltman WM, Thomas NS, Roberts S,
et al. Prader-Willi syndrome : intellectual abilities and behavioural features
by genetic subtype. J Child Psychol Psychiatry. 2005;10:1089–96.

11. Fridman C, Koiffmann CP. Genomic imprinting: genetic mechanisms and
phenotypic consequences in Prader-Willi and Angelman syndromes. Genet
Mol Biol. 2000;23(4):715–24.

12. Jauregi J, Laurier V, Copet P, Tauber M, Thuilleaux D. Behavioral profile of
adults with Prader-Willi syndrome: correlations with individual and
environmental variables. J Neurodev Disord [Internet]. 2013;5(18):1–10
Available from: http://jneurodevdisorders.biomedcentral.com/articles/10.11
86/1866-1955-5-18.

13. Miller JL, Lynn CH, Driscoll DC, Goldstone AP, Gold J, Kimonis V, et al.
Nutritional phases in Prader – Willi syndrome. Am J Med Genet. 2011;
155A(5):1040–9.

14. Morel A, Peyroux E, Leleu A, Favre E, Franck N, Demily C. Overview of social
cognitive dysfunctions in rare developmental syndromes with psychiatric
phenotype. Front Pediatr. 2018;6(May):1–21.

15. Orphanet. Prevalence and incidence of rare diseases: Bibliographic data
Diseases listed by decreasing prevalence, incidence or number of published
cases. Inf Periódicos Orphanet [Internet]. 2017;2:1–61. Available from: www.
orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_
decreasing_prevalence_or_cases.pdf

16. Schwartz L, Holland A, Dykens E, Strong T, Roof E, Bohonowych J. Prader-
Willi syndrome mental health research strategy workshop proceedings: the
state of the science and future directions. Orphanet J Rare Dis [Internet].
2016;11(1):131 Available from: biomedcentral.com/articles/10.1186/s13023-
016-0504-1.

17. McAllister CJ, Whittington JE, Holland AJ. Development of the eating
behaviour in Prader-Willi syndrome: advances in our understanding. Int J
Obes. 2011;35(2):188–97.

18. Scardina GA, Fucà G, Messina P. Oral diseases in a patient affected with
Prader -Willi syndrome. Eur J Paediatr Dent. 2007:96–9.

19. Dougall A, Fiske J. Access to special care dentistry, part 6. Special care
dentistry services for young people. Br Dent J. 2008;205(5):235–49.

20. Olczak-Kowalczyk D, Witt A, Gozdowski D, Ginalska-Malinowska M. Oral
mucosa in children with Prader-Willi syndrome. J Oral Pathol Med. 2011;
40(10):778–84.

21. Emerick JE, Vogt KS. Endocrine manifestations and management of Prader-
Willi syndrome. Int J Pediatr Endocrinol [Internet]. 2013;2013(1):14 Available
from: http://ijpeonline.biomedcentral.com/articles/10.1186/1687-9856-2
013-14.

22. Saeves R, Nordgarden H, Storhaug K, Sandvik L, Espelid I. Salivary flow rate
and oral findings in Prader-Willi syndrome: a case-control study. Int J
Paediatr Dent. 2012;22(1):27–36.

23. Saeves R, Espelid I, Storhaug K, Sandvik L, Nordgarden H. Severe tooth wear
in Prader-Willi syndrome . A case – control study. BMC Oral Health. 2012;
12(12):1–10.

24. Yanagita M, Hirano H, Kobashi M, Nozaki T, Yamada S, Kitamura M, et al.
Periodontal disease in a patient with Prader-Willi syndrome: a case report. J
Med Case Rep [Internet]. 2011;5:329 Available from: http://
jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-5-329.

25. González LC, Villa CG, Cárdenas AC. Prader willi syndrome: saliva
quantification and culture in 10 patients. Med Oral Patol Oral Cir Bucal.
2008;13(12):2006–9.

26. Saeves R, Strøm F, Sandvik L, Nordgarden H. Gastro-oesophageal reflux - an
important causative factor of severe tooth wear in Prader-Willi syndrome?
Orphanet J Rare Dis. 2018;13(1):1–7.

27. Velló MA, Martínez-Costa C, Catalá M, Fons J, Brines J, Guijarro-Martínez R.
Prenatal and neonatal risk factors for the development of enamel defects in
low birth weight children. Oral Dis. 2010;16(3):257–62.

28. Tschoppe P, Wolgin M, Pischon N, Kielbassa AM. Etiologic factors of
hyposalivation and consequences for oral health. Quintessence Int
[Internet]. 2010;41(4):321–33 Availablefrom: www.ncbi.nlm.nih.gov/
pubmed/20305867.

29. Franco KM, Moura-Ribeiro MV, LSR. Prenatal and neonatal variables
associated with enamel hypoplasia in deciduous teeth in low birth weight
preterm infants. J Appl Oral Sci. 2007;15(6):518–23.

30. Dougall A, Fiske J. Access to special care dentistry, part 4. Education Br Dent
J. 2008;205(3):119–30.

31. Silness J, Löe H. Periodontal disease in pregnancy II. Correlation between oral
higiene and periodontal condition. Acta Odontol Scand. 1964;22:112–35.

32. Agullo MJA, Loscos FG. Importancia del uso de índices en la práctica
periodontal diaria del higienista dental. Periodoncia. 2003;13(8):233–44.

33. McCandless S. Clinical report—health supervision for children with Prader-
Willi syndrome. Pediatrics [Internet]. 2013;132(4):e1059–72 Available from:
http://pediatrics.aappublications.org/cgi/doi/10.1542/peds.2013-2063.

34. Kaur A, Kwatra K, Kamboj P. Evaluation of non-microbial salivary caries
activity parameters and salivary biochemical indicators in predicting dental
caries. J Indian Soc Pedod Prev Dent. 2012;30:212–7.

35. Araújo IMP, Albuquerque-Souza E, Aguiar-Oliveira MH, Holzhausen M,
Oliveira-Neto LA, Salvatori R, et al. Immunological and microbiological
periodontal profiles in isolated growth hormone deficiency. J Periodontol.
2018;89:1351–61.

36. Olczak-Kowalczyk D, Korporowicz E, Gozdowski D, Lecka-Ambroziak A,
Szalecki M. Oral findings in children and adolescents with Prader-Willi
syndrome. Clin Oral Investig. 2019;23(3):1331–9.

37. Bocellino M, Di Stasio D, Serpico R, et al. Analysis of saliva samples in patients
with Prader-Willi syndrome. J Biol Homeost Agents. 2018;32(2):107–11.

38. Miranda-Rius J, Brunet-Llobet L, Lahor-Soler E, Farré M. Salivary secretory
disorders, inducing drugs, and clinical management. Int J Med Sci. 2015;12:
811–24.

39. Lenander-Lumikari M, Loimaranta V. Saliva and dental caries. Adv Dent Res.
2000;14:40–7.

40. Sreebny L. Recognition and treatment of salivary induced conditions. Int
Dent J. 1989;39(3):197–204.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Munné-Miralvés et al. Orphanet Journal of Rare Diseases           (2020) 15:43 Page 7 of 7

http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3413469/
http://ijpeonline.biomedcentral.com/articles/10.1186/1687-9856-2011-12
http://ijpeonline.biomedcentral.com/articles/10.1186/1687-9856-2011-12
http://jneurodevdisorders.biomedcentral.com/articles/10.1186/1866-1955-5-18
http://jneurodevdisorders.biomedcentral.com/articles/10.1186/1866-1955-5-18
http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_decreasing_prevalence_or_cases.pdf
http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_decreasing_prevalence_or_cases.pdf
http://www.orpha.net/orphacom/cahiers/docs/GB/Prevalence_of_rare_diseases_by_decreasing_prevalence_or_cases.pdf
http://ijpeonline.biomedcentral.com/articles/10.1186/1687-9856-2013-14
http://ijpeonline.biomedcentral.com/articles/10.1186/1687-9856-2013-14
http://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-5-329
http://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-5-329
http://www.ncbi.nlm.nih.gov/pubmed/20305867
http://www.ncbi.nlm.nih.gov/pubmed/20305867
http://pediatrics.aappublications.org/cgi/doi/10.1542/peds.2013-2063

	Abstract
	Introduction
	Results
	Conclusion

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

