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Abstract
Objective To assess the significance of changes in the saliva in the etiology of gingivitis and tooth wear in children and
adolescents with Prader-Willi syndrome (PWS).
Materials and methods The study included 80 (2.8–18 years old; 39 girls and 41 boys): 40 in PWS group (mean age 8.0 ±
4.24 years) and 40 in control group (mean age 7.9 ± 4.12 years). General condition, oral para-functional habits, tooth wear
(modified TWI), oral hygiene and gingival status (Plaque Index (PLI) and Gingival Index (GI)), localization of gingivitis, and
salivary characteristics were assessed. The chi-square test, the Mann-WhitneyU test, Spearman’s rank correlation, and odds ratio
based on logistic regression in a statistical analysis were applied.
Results Chances of gingivitis were increased by low PLI (odds ratio (OR) = 32.53), low resting salivary flow (OR = 3.96),
increased viscosity of saliva (OR = 3.54), and mouth breathing (OR = 8.17). For gingivitis in anterior regions, low PLI (OR =
107.67), low resting (OR = 5.73) and stimulated (OR = 1.86) salivary flow, increased viscosity of saliva (OR = 5.87), mouth
breathing (OR = 10.00), and low stimulated salivary flow (OR = 3.18) were observed. Tooth wear rates were increased by teeth
grinding (OR = 16.20), mouth breathing (OR = 4.33), increased viscosity of saliva (OR = 11.67) and low resting (OR = 6.07), and
stimulated (OR = 4.22) salivary flow.
Conclusions In PWS, reduced salivary secretion, increased viscosity, of saliva and mouth breathing increase the risk of plaque-
induced gingivitis and tooth wear.
Clinical relevance The prevention and treatment of tooth wear and gingivitis in PWS patients is necessary not only to treat
bruxism and mouth breathing but also to limit the influence of negative changes of saliva.
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Introduction

The prevalence of Prader-Willi syndrome (PWS) is estimated
at 1:10000–1:30000 births [1]. In the majority of cases (ap-
proximately 65–75%), it is caused by de novo deletions in the
region 15q11q13 on the paternal chromosome and more

frequently (approximately 20–30%) by maternal disomy of
chromosome 15, sporadically other mutations in this region
[1, 2]. PWS is characterized by significant cognitive, neuro-
logical, endocrine, and behavioral abnormalities. Clinical
manifestations vary depending on the genotype, age, and
method of treatment. In the infancy, the predominant symp-
toms include hypotonia, early feeding problems, and difficulty
with weight gain and hypogonadism. In older children, hypo-
tonia often persists; however, feeding difficulties are followed
by excessive eating which may lead to obesity [1, 2]. The
numerous symptoms of PWS include the following: hypotha-
lamic hypogonadism, growth hormone insufficiency, intellec-
tual disability, and characteristic behavior problems (e.g., tem-
per tantrums, obsessive and compulsive behaviors, and mood
fluctuations), sleep disorders (central and obstructive sleep
apnea, abnormal arousal, abnormal circadian rhythm in
REM sleep, reduced REM latency, and abnormal response
to hypercapnia), saliva secretion disorders, and changes in
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the salivary composition and consistency [1–9]. Many pheno-
typic features of PWS may favor oral cavity disorders. In
PWS, mouth breathing, poor oral hygiene [10, 11], and brux-
ism are often observed [6]. Predisposition to dental caries
[10–13], enamel defects [10, 11, 14–16], tooth wear [6, 17],
gingivitis [5], lesions on the oral mucous membrane, especial-
ly self-injured lesions, candidiasis, and angular cheilitis have
been reported [8].

It is generally known that low salivary flow and high vis-
cosity of saliva are important caries risk factors in patients with
PWS. There also seems to exist the correlation between sali-
vary physical-chemical parameters in these patients and lesions
on the oral mucous membrane [8] and tooth wear [6].
However, there is no detailed information on the significance
of individual salivary parameters in the development of these
pathologies. Changes associated with saliva may also play a
role in the pathogenesis of gingivitis in patients with PWS, as
they may increase the susceptibility of periodontal tissues to
bacteria and favor accumulation of the dental plaque.

The aim of the study was to assess the significance of chang-
es in the saliva in the etiology of gingivitis and tooth wear in
children and adolescents with Prader-Willi syndrome (PWS).

Material and methods

Patients

The study included 80 patients at the age between 2.5 and
17.2 years (41 boys and 39 girls): 40 with Prader-Willi syn-
drome (PWS group) reporting for their routine checkups at
Clinic of Endocrinology and Diabetology, Children’s
Memorial Health Institute, and 40 healthy individuals
(controls) reporting for their checkups at the Department of
Paediatric Dentistry, Warsaw Medical University. Studies
were performed after a written consent of the patients and/or
their parents/legal guardians. Bioethics committee had been
obtained. The control group was age- and sex-matched to the

PWS group. Exclusion criteria from both groups were as fol-
lows: lack of cooperation with the dentist, cigarette smoking,
and orthodontic treatment. Patients with obesity and chronic
diseases or who are receiving chronic treatment were excluded
from the control group, whereas patients with gastroesopha-
geal reflux disease were excluded from the PWS group.

Table 1 presents characteristics of patients with regard to
the type of dentition. Thirty-nine patients with PWS were
included in the National Health Service (NHS) Growth
Hormone Program (the inclusion criteria were rehabilitation,
lack of obesity < 97 centile, low-calorie diet, balanced carbo-
hydrate metabolism, absence of other contraindications to
growth hormone therapy). One patient with PWS was obese.
Obesity was not present in the control group.

Method

A case-control study was performed in a dental office and
included an analysis of medical documentation and an inter-
view with the patient and/or parents/legal guardians (presence
of systemic diseases, applied medicinal products, oral para-
functional habits), dental examination, and assessment of
physical and chemical parameters. General health status of
PWS patients was assessed by a pediatrician from the Clinic
of Endocrinology and Diabetology.

The study was conducted by two dental surgeons with clin-
ical experience in children dentistry longer than 5 years, after
the Cohen’s kappa coefficient was calibrated and the value of
0.8 was achieved. The following were assessed: teeth grinding
and mouth breathing, presence of tooth wear, hygiene status
according to the Silness and Löe Plaque Index and gingival
status according to Gingival Index with regard to six index
teeth: 16, 12, 24, 36, 32, and 44 (in the deciduous dentition:
55, 51, 63, 75, 71, and 83), localization of gingivitis, and pres-
ence of periodontal pockets [18]. Pocket depths (only around
permanent first molars and incisors) were recorded for children
over the age of 12. The WHO 621 probe with a 0.5-mm ball
end and black band at 3.5 to 5.5 mm was used [19].

Table 1 Characteristics of
patients with Prader-Willi syn-
drome and the control group

Parameters PWS Control group

Type of dentition Deciduous N 18 18

Mean age ± SD (years) 49.8 ± 12.8 49.4 ± 9.1

Mixed N 15 15

Mean age ± SD (years) 102.0 ± 20.7 103.5 ± 14.4

Permanent N 8 8

Mean age ± SD (years) 171.3 ± 26.1 174.9 ± 25.7

Total N 41 41

Mean age ± SD (years) 92.6 ± 49.3 93.6 ± 49.6

Sex Female N 20 20

Male 21 21
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The presence of tooth wear was assessed on the labial,
incisal, and palatal/lingual surfaces of the six upper and lower
anterior teeth and on the occlusal surfaces of all four perma-
nent first molars (mixed and permanent dentition) or second
primary molars (deciduous dentition). Surfaces were scored in
accordance with the Smith and Knight Tooth Wear Index
modified by Bardsley et al. [20, 21]. Dentine exposure (score
1—the dentine is just visible (including cupping) or dentine
exposure of less than a third of the surface, and score 2—
dentine exposure greater than a third of the surface) and ex-
posure of pulp or secondary dentine (score 3—exposure of
pulp or secondary dentine) were taken into account. Injuries
due to orthodontic appliances and surfaces destroyed by den-
tal caries or with fillings were not included.

The Saliva-Check Buffer Test, GC Co., Tokyo, Japan, was
used for saliva tests [8, 22, 23]. The assessment was done
according to the manufacturer’s instruction. Saliva tests were
performed in the morning at least 2 h after breakfast. Patients
did not brush their teeth or use a mouthwash for at least 1 h.
The following elements are assessed:

& Resting flow rate (the moistening rate of the lower lip
mucosa): the time for visible production of saliva
> 60 s—low resting salivary rate;

& Visual assessment of salivary consistency: 1—watery
clear (normal viscosity), 2—frothy bubbly (increased vis-
cosity), 3—sticky frothy (increased viscosity);

& pH of resting saliva by checking the color of the strip in
collection cup with expectorated unstimulated saliva:
highly acidic saliva with pH 5.0–5.8, moderately acidic
saliva with pH 6.0–6.6, and normal acidic saliva with
pH 6.8–7.8;

& Stimulated salivary flow: normal with > 5 ml/5 min, low
with 3.5–5.0 ml/5 min, and very low with < 3.5 ml/5 min;

& Buffering ability of stimulated saliva: normal (10–12 pkt),
low (6–9 pkt), or very low (0–5 pkt), according to the pad
color.

Saliva secretion was stimulated by chewing paraffin tab-
lets. Every 30 s, patients were asked to expectorate the saliva
into a graduated test tube. Saliva was being collected for ex-
actly 5 min.

Statistical analysis

Comparison of percentages for binomial variables between
two groups was performed using chi-square test. Means of
quantitative variables were compared based on the Mann-
Whitney U test. Spearman’s rank correlation coefficient was
used for evaluation of relationships between pairs of variables.
Odds ratio (OR) and confidence interval (CI) for OR based on
logistic regression were calculated for selected pairs of vari-
ables. The analyses were conducted using Statistica 12

(StatSoft) and SPSS Statistics 23 (IBM). The L=level of sig-
nificance for all analyses was set at 0.05.

Results

Table 2 presents results of a clinical examination and physical-
chemical parameters of the saliva in PWS and control groups.
Table 3 includes the mean values and SD of salivary parame-
ters (pH of resting saliva, pH of resting saliva, and buffering
ability of stimulated saliva) and Plaque Index (PLI) and
Gingival Index (GI) in both groups and with regard to the type
of dentition. Tooth wear with pulp exposure (score 3) and
severe gingivitis (GI > 2.1) and periodontal pockets (probing
depths ≥ 3.5 mm) were not observed in any of subjects. Poor
hygiene status (PLI > 1.9) was observed in four (10.0%) sub-
jects in the control group and 16 (40.0%) patients with PWS.

Stimulated salivary flow was not assessed in eight patients
(three children with PWS and five in the control group) as they
finished paraffin chewing too early. A photograph (Fig. 1)
presents tooth wear and gingivitis in child with PWS.

The Spearman correlation analysis performed for the whole
group showed a positive correlation between the patient’s age
and the GI score (r = 0.226; p < 0.05) and the presence of
tooth wear (r = 0.371; p < 0.05). Moreover, a correlation be-
tween teeth grinding and mouth breathing was also shown
(r = 0.508; p < 0.05) and between teeth grinding and salivary
parameters such as the moistening rate of the lower lip mucosa
(r = − 0.403; p < 0.05) and watery consistency of saliva (r = −
0.380; p < 0.05). Table 4 presents statistically significant cor-
relations between salivary parameters, hygiene status of the
oral cavity, teeth grinding, and mouth breathing with parame-
ters describing gingival status and tooth wear. The odds ratios
(OR), calculated for all patients, are included in Table 5.

A logistic regression method confirmed the effects of sali-
vary parameters on the accumulation of the dental plaque. The
PLI values higher than 1.9 were favored by low resting sali-
vary flow (OR = 10.11 (CI 2.95–34.66); p < 0.001), increased
viscosity of saliva (OR = 5.23 (CI 1.56–17.52); p = 0.007), pH
of resting salivary flow < 6 (OR = 3.66 (1.27–10.55); p =
0.016), and very low stimulated salivary flow (OR = 10.23
(CI 1.28–81.87); p = 0.028).

Discussion

Our study confirmed worse physical and chemical parameters
of saliva in subjects with PWS compared to the control group,
which is consistent with reports of other authors [3–8].
Additionally, a negative correlation between the age of PWS
patients and watery consistency of saliva was observed, and it
suggests that the salivary viscosity may increase with age.
Similarly to other researchers, we observed a predisposition
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Table 2 The prevalence of
changes in the saliva, gingivitis,
tooth wear, teeth grinding, and
mouth breathing in PWS group
and in the control group

Tested parameters All patients Group with
PWS

Control
group

p

Saliva N (%)

Resting flow rate < 60 s 47/80 (58.7) 7/40 (17.5) 40/40 (100) < 0.001*

> 60 s 33/80 (41.3) 33/40 (82.5) 0/40 (0.0) < 0.001*

Salivary consistency Watery clear 38/80 (47.5) 1/40 (2.5) 37/40 (92.5) < 0.001*

Frothy bubbly 13/80 (16.3) 12/40 (30.0) 1/40 (2.5) 0.001*

Sticky frothy 29/80 (36.3) 27/40 (67.5) 2/40 (5.0) < 0.001*

pH of resting saliva 5.0–5.8 20/80 (25.0) 20/40 (50.0) 0/40 (0.0) < 0.001*

6.0–6.6 24/80 (30.0) 19/40(47.5) 5/40 (12.5) < 0.001*

6.8–7.8 36/80 (45.0) 1/40 (2.5) 35/40 (87.5) < 0.001*

Stimulated salivary flow
(ml/5 min)

< 3.5 34/80 (42.5) 30/37 (81.1) 4/35 (11.4) < 0.001*

3.5-5.0 35/80 (43.8) 7/37 (18.9) 28/35 (80.0) < 0.001*

> 5.0 3/80 (3.8) 0/37 (0.0) 3/35 (8.6) 0.069

Buffering ability of
stimulated saliva

Very low 11/80 (13.8) 10/40 (25.0) 1/40 (5.0) 0.003*

Low 31/80 (38.8) 22/40 (55.0) 9/40 (22.5) 0.003*

Normal 38/80 (47.5) 8/40 (20.0) 30/40 (75.0) < 0.001*

Clinical examination

Mouth breathing 10/80 (12.5) 9/40 (12.5) 1/40 (2.5) 0.007*

Teeth grinding (bruxism) 11/80 (13.8) 11/40 (27.5) 0/40 (0.0) < 0.001*

Tooth wear (score 1 and 2) 24/80 (30.0) 19/40(47.5) 5/40 (12.5) < 0.001*

Gingivitis (GI > 0.1) 31/80 (38.8) 22/40 (55.0) 9/40 (22.5) 0.003*

Only in maxillary
and mandibular
anterior regions

9/80 (11.3) 8/40 (20.0) 1/40 (2.5) 0.013*

*Statistical significance p < 0.05

Table 3 Mean values and SD of
salivary parameters, PLI, and GI
in PWS and control groups and
with regard to the type of
dentition

Parameters PWS Control group p

Deciduous dentition pH of resting saliva 5.97 ± 0.46 7.11 ± 0.31 < 0.001*

Stimulated salivary flow (ml/5 min) 2.30 ± 1.35 3.97 ± 0.74 0.001

Buffering ability of stimulated saliva 6.82 ± 2.83 10.41 ± 1.58 < 0.001*

GI 0.12 ± 0.19 0.04 ± 0.15 0.144

PLI 1.11 ± 0.71 0.74 ± 0.54 0.104

Mixed dentition pH of resting saliva 5.91 ± 0.38 7.03 ± 0.38 < 0.001*

Stimulated salivary flow (ml/5 min) 1.50 ± 1.07 4.17 ± 1.18 < 0.001*

Buffering ability of stimulated saliva 6.87 ± 2.36 10.4 ± 1.50 < 0.001*

GI 0.71 ± 0.74 0.24 ± 0.43 0.043*

PLI 1.71 ± 0.95 1.32 ± 0.68 0.210

Permanent dentition pH of resting saliva 5.94 ± 0.43 7.04 ± 0.47 < 0.001*

Stimulated salivary flow (ml/5 min) 2.31 ± 1.19 4.36 ± 0.97 0.002*

Buffering ability of stimulated saliva 6.75 ± 3.01 9.50 ± 1.93 0.047*

GI 0.56 ± 0.81 0.14 ± 0.23 0.177

PLI 1.56 ± 1.13 0.81 ± 0.60 0.119

All group pH of resting saliva 5.94 ± 0.42 7.06 ± 0.36 < 0.001*

Stimulated salivary flow (ml/5 min) 2.00 ± 1.25 4.15 ± 0.98 < 0.001*

Buffering ability of stimulated saliva 6.83 ± 2.63 10.23 ± 1.62 < 0.001*

GI 0.45 ± 0.65 0.13 ± 0.30 0.007*

PLI 1.43 ± 0.92 0.97 ± 0.65 0.014*

*Statistically significant differences between PWS and control groups at 0.05 probability level
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to tooth wear in PWS patients [6].Moreover, we demonstrated
a tendency to accumulation of the dental plaque and gingivitis
in this group of patients.

Tooth wear

Teeth grinding is the main etiological factor of tooth wear.
However, in our study, this symptomwas reportedmore rarely
than tooth wear. In the studies by Saeves et al. in a group of 49
patients with PWS at the age of 6.5–40.9 years, the frequency
of teeth grinding in PWS (36.7%) was also lower than tooth
wear (89.8%) [6]. It seems that the incidence of teeth grinding
was underestimated by parents of subjects. PWS patients often
suffer from sleep apnea and they have emotional and behav-
ioral problems, e.g., overeating, difficulty with routine
change, temper tantrums, mood fluctuations, aggression, and
auto-aggression. These factors are suggested to be involved in
the precipitation of bruxism [24]. On the other hand, higher
prevalence of tooth wear compared to teeth grinding may
emphasize the importance of others factors, e.g., exposure of
teeth tissues to acid. However, Saeves et al. did not confirm a
significant correlation between tooth wear and obesity, sex,
and consumption of acid beverages. In their opinion, PWS

patients suffer from persistent hunger and a consequent urge
to eat. When they are given access to soft drinks, it is therefore
unlikely that drinking of the beverage is spread over time. This
may go some way towards explaining the lack of association
between high consumption of acid drinks and erosive wear
[6]. Thirty-nine out of the 40 patients we examined were in
the NHS Growth Hormone Program and followed a low-
calorie diet. Seaves et al., however, observed that the intensity
of tooth wear increased with age and it was associated with the
reduced secretion of saliva [6]. According to our results, both
salivary flow and salivary consistency seem to be important
factors. Ramsay et al., likewise, confirmed a higher risk of
significant tooth wear in subjects with reduced stimulated sal-
ivary flow and with thick, sticky, or frothy saliva [25]. These
authors also showed that significance of these parameters was
reduced when other risk factors of tooth wear were simulta-
neously taken into account.

It is known that impaired capability to dilute and
neutralize acids increases acid effects on teeth, and con-
sequently, the susceptibility to mechanical factors. Our
results suggest that tooth wear may be favored by lower
buffering ability of stimulated saliva and higher acidity
of resting saliva. Nonetheless, significance of these pa-
rameters was not confirmed by a logistic regression
analysis. Certainly, worse salivary quality and reduced
amount of saliva both play important roles in the etiol-
ogy of tooth wear [26]. Our observations are consistent
with results of studies that confirm the effects of reduced sal-
ivary flow and its pH on the dental erosion rate [24, 26, 27].
However, a relationship with buffering capacity needs to be
explained further due to contradictory reports. A rela-
tionship between lower buffering capacity and tooth
wear [28, 29] and the lack of such a relationship
[30–32] were both demonstrated.

The relationship between teeth grinding and mouth breath-
ing and lower secretion of saliva is also worth noticing.
However, this relationship is not clearly demonstrated, as

Table 4 Spearman correlation coefficients (r) between the hygiene status of the oral cavity, gingivitis and tooth wear and physical-chemical parameters
of saliva, mouth breathing and teeth grinding

PLI GI Presence of gingivitis
(GI > 0.1)

Gingivitis in maxillary/
mandibular anterior regions

Tooth wear

Resting salivary flow—the time − 0.496* − 0.427* − 0.424* − 0.397* − 0.393*

Salivary consistency—increased viscosity 0.365* 0.419* 0.408* 0.383* 0.459*

Resting salivary pH − 0.368* − 0.409* − 0.399* − 0.372* − 0.233*
Stimulated salivary flow ml/5 min − 0.331* − 0.361* − 0.340* − 0.346* − 0.300*
Salivary buffering capacity—the number of points − 0.310* − 0.410* − 0.398* − 0.312* − 0.346*
Hygiene of the oral cavity—PLI (value) – 0.742* 0.702* 0.722* 0.248*

Mouth breathing 0.198 0.217 0.336* 0.357* 0.247*

Teeth grinding 0.275* 0.252* 0.372* 0.392* 0.451*

*Statistical significance p < 0.05

Fig. 1 Tooth wear and gingivitis in the anterior section of the mandible
and maxilla in child with PWS in the deciduous dentition
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reduction of salivary flow is observed in subjects with brux-
ism [33]. It is also known that sleep-related reduction of sali-
vary flow is a normal physiological process and rhythmic
masticatory muscle activity (RMMA) during sleep may stim-
ulate salivary secretion and may play an important role in
lubricating the oral cavity. In subjects with sleep bruxism
(SB), RMMA is more common and more intense compared

to healthy subjects [34]. It is possible that in subjects with
reduction of salivary flow, such as PWS patients, dried
oroesophageal tissues promote the mechanism of saliva secre-
tion via stimulation of the masticatory muscles during the
night [35]. Mouth breathing is also associated with bruxism
as it facilitates respiration [36, 37]. PWS patients are
predisposed to sleep-disordered breathing due to a

Table 5 Odds ratios (OR) between the gingivitis and tooth wear and physical-chemical parameters of saliva, hygiene status of the oral cavity, mouth
breathing, and teeth grinding for all group of patients (N/%—number/percentage of patients with bad outcome)

Parameters Presence of gingivitis
(GI > 0.1)

Gingivitis in maxillary/
mandibular anterior regions

Tooth wear

N/%

Resting salivary flow

Low salivary flow Yes 19/33 (57.6%) 19/33 (57.6%) 17/33 (51.5%)

No 12/47 (25.5%) 9/47 (19.1%) 7/47 (14.9%)

OR 3.96 (95% CI = 1.53–10.26)
p = 0.005*

5.73 (95% CI = 2.10–15.61)
p < 0.001*

6.07 (95% CI = 2.11–17.42)
p < 0.001*

Salivary consistency

Increased viscosity Yes 22/42 (52.4%) 22/42 (52.4%) 21/42 (50.0%)

No 9/38 (23.7%) 6/38 (15.8%) 3/38 (7.9%)

OR 3.54 (95% CI = 1.35–9.28)
p = 0.010*

5.87 (95% CI = 2.03–16.96)
p = 0.001*

11.67 (95% CI = 3.10–43.90)
p < 0.001*

Resting salivary pH

pH < 6 Yes 10/20 (50.0%) 10/20 (50.0%) 7/20 (35.0%)

No 21/60 (35.0%) 18/60 (30.0%) 17/60 (28.3%)

OR 1.86 (95% CI = 0.67–5.17)
p = 0.236

2.33 (95% CI = 0.83–6.57)
p = 0.109

1.36 (95% CI = 0.46–4.00)
p = 0.574

Stimulated salivary flow

< 3.5 ml/5 min YES 18/34 (52.9%) 17/34 (50.0%) 16/34 (47.1%)

NO 13/46 (28.3%) 11/46 (23.9%) 8/46 (17.4%)

OR 2.86 (95% CI = 1.13–7.24)
p = 0.027*

3.18 (95% CI = 1.23–8.26)
p = 0.018*

4.22 (95% CI = 1.53–11.68)
p = 0.006*

Salivary buffering capacity

Low or very low Yes 7/11 (63.6%) 6/11 (54.5%) 4/11 (36.4%)

No 24/69 (34.8%) 22/69 (31.9%) 20/69 (29.0%)

OR 3.28 95% CI = (0.87–12.34)
p = 0.079

2.56 (95% CI = 0.71–9.31)
p = 0.152

1.40 (95% CI = 0.36–5.31)
p = 0.621

Hygiene of the oral cavity

PLI ≥ 1.9 Yes 18/20 (90.0%) 19/20 (95.0%) 9/20 (45.0%)

No 13/60 (21.7%) 9/60 (15.0%) 15/60 (25.0%)

OR 32.53 (95%
CI = 6.67–158.72)
p < 0.001*

107.67 (95% CI = 12.77–907.93)
p < 0.001*

2.45 (95% CI = 0.85–7.06)
p = 0.096

Mouth breathing Yes 8/10 (80%) 8/10 (80.0%) 6/10 (60.0%)

No 23/32.9% 20/28.6% 18/80 (25.7%)

OR 8.17 (95% CI = 1.61–41.63)
p = 0.011*

10.00 (95% CI = 1.95–51.24)
p = 0.006*

4.33 (95% CI = 1.09–17.12)
p = 0.036*

Yes 9/11 (81.8%)

No 15/21.7%

OR – – 16.20 (95% CI = 3.16–83.14)
* p < 0.001

*Statistical significance p < 0.05
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combination of characteristic craniofacial features, obesity,
hypotonia, and hypothalamic dysfunction. In the post-infant
period, more than 80% of PWS patients suffer from obstruc-
tive sleep apnea (OSA) [38].

Gingivitis

Limited number of studies showed the predisposition to dis-
eases of gingival and periodontal tissues in PWS. In the studies
by Saeves et al., the median GI rates in the PWS group were
0.29 (0.06–0.65) and 0.17 (0.04–0.25) in the control group [5].
There were also reports of cases presenting periodontitis in a
20-year-old male patient [39] and a 13-year-old female patient
[40]. Our PWS patients were susceptible to gingivitis but we
did not see any clinical symptoms of periodontitis.

All authors highlighted the significance of both bad hy-
gienic habits and mouth breathing in the etiology of gingivitis
in these patients [5, 39, 40]. A tendency to chronic inflamma-
tion due to overactivation of the innate immune system in
PWS might also be a contributing factor [41].

Our results confirm that the presence of the dental plaque is
a significant factor causing gingivitis. However, changes in
the salivary parameters are also important, as they contribute
to more difficult teeth cleaning and they modify living condi-
tions for bacteria. Reduction of salivary flow and saliva con-
sistency other than watery favors accumulation of the dental
plaque and gingivitis. In PWS group with mixed dentition, the
mean value of GI was significantly higher than in the control
group. At the same time, there was not a significant difference
between mean values of PLI while the mean value of stimu-
lated salivary flowwas the highest of all groups. Interpretation
of the results for the group with primary dentition is more
difficult because of the lower gingival reaction to bacterial
irritation in early childhood [42]. On the other hand, in per-
manent dentition groups, the influence of sex hormones
should be taken into consideration. Hypogonadism is a con-
stant feature in PWS and a cause of delayed or incomplete
puberty of both males and females. Despite low testosterone
levels in boys and low estradiol levels in girls with PWS, the
mean value of GI was higher than in control group, though the
difference was not statistically significant [1, 2, 43].

In case of gingivitis located in the anterior regions of the
mandible and maxilla, mouth breathing also seems to be sig-
nificant risk factor. It is known that chronic mouth breathing
can cause localized gingivitis of the exposed gingiva in the
maxillary and mandibular labial area. Gingival margins are
rolled and interdental papillae are bulbous and enlarged. It
indicates persisting inflammation in this area. Some authors
also emphasize a relationship between mouth breathing and
the GI value in children and it is consistent with our results
[44]. On the other hand, in their studies with children between
the age of 8 and 12 years, Piva et al. observed no correlation
between gingivitis and mouth breathing [45].

There are various views on the relationship between gingi-
vitis associated with mouth breathing and accumulation of the
dental plaque [44, 46]. It was demonstrated, however, that
stimulated saliva in patients who breathe through the mouth
shows higher levels of free sialic acid, and it favors greater
load of bacteria in the oral cavity [47]. Our studies confirmed
that mouth breathing favors their presence on the teeth sur-
faces, but it has to be noted that a method applied to assess the
hygiene status on index teeth was not completely reflected the
effects of mouth breathing on the level of the dental plaque on
labial surfaces of the anterior teeth. Nonetheless, salivary pa-
rameters, especially low salivary flow and increased viscosity
of saliva, turned out to be important with regard to the etiology
of gingivitis associated with mouth breathing.

Conclusion

In PWS patients, reduced salivary secretion and increased
viscosity of saliva increase the risk of plaque induced gingi-
vitis and tooth wear. In prevention and treatment of them, it is
necessary not only to treat bruxism and mouth breathing but
also to limit the influence of negative changes of saliva.
Stimulation of salivary secretion by using a topical fluorides
or/and application of sugar-free gum might be very helpful in
this group of patients. Chewing gums containing both xylitol
and CPP-ACP could be particularly suitable, because use of
xylitol leads to considerable reductions of cariogenic bacteria
and caries incidence in children, while availability of the CPP-
ACP enhance the remineralization process.
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