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Background and Objective Individuals diagnosed with obstructive sleep apnea (OSA) ex-
perience recurrent episodes of breathing cessation due to blockage of the upper airway during
sleep. This study aimed to assess the Pediatric Sleep Questionnaire (PSQ) scores, Epworth
Sleepiness Scale (ESS) scores, and Mallampati score in pediatric patients with OSA, compared
with non-OSA.

Methods  An observational study was conducted on 100 pediatric female patients aged 9-13
years with retrognathic mandible. The participants were subjected to PSQ, ESS, and Mallampati
score to assess the size and shape of the patient’s tongue and esophageal airway. Finally, poly-
somnographic examination was carried out for all the participants and they were divided into
two groups: Group 1 (50 patients) who were diagnosed with OSA by polysomnography and
Group 2 (50 patients) consisting of non-OSA patients. Chi-square and Mann-Whitney U test
were applied to compare scores between the two groups.

Results  The mean PSQ, ESS, and Mallampati scores of participants were 0.78 + 0.45, 9.86 +
2.47, and 2.27 + 0.98, respectively in Group 1 and 0.24 + 0.03, 7.27 £ 2.39, and 1.32 + 0.57, re-
spectively in Group 2, and this difference was statistically significant (p < 0.05). PSQ, ESS, and
Mallampati scores had specificity of 100%, 95.5%, and 72.7%, respectively, whereas the sensitiv-
ity was 45.5%, 22.7%, and 63.6%, respectively. ESS scores > 10, PSQ scores > 0.3, and Mallam-
pati scores > 2 were indicative of OSA.

Conclusions  Patients with OSA having retrognathic mandible had higher PSQ, ESS, and
Mallampati scores compared to healthy individuals without OSA. Mallampati score can be sat-
isfactorily used for screening OSA patients. Sleep Med Res 2024;15(1):46-52

Keywords  Class II malocclusion; Obstructive sleep apnea; Observational study;
Pediatric sleep apnea.

INTRODUCTION

Patients with obstructive sleep apnea (OSA) experience recurrent pause during sleep.
This phenomenon is ascribed to blockage of the upper respiratory tract during sleep, which
can be attributed to insufficient motor tone in the tongue or muscles responsible for dilata-
tion of the airway. Apnea can be divided into three categories: central apnea, which involves
a depressed respiratory center with no efferent output; obstructive apnea, which is charac-
terized by blocked airflow leading to inadequate ventilation; and mixed apnea, which in-
cludes both central and obstructive components [1]. Decreased ventilation during sleep in
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children with increased body weight is associated with snoring,
hypercapnia, and arousals during sleep [2]. The manifestation
of pediatric obstructive sleep apnea has been observed to im-
pact the attention span of children, potentially resulting in hy-
peractivity, decreased performance, and implications for the
growth trajectory of affected individuals [3].

The diagnosis of OSA in children involves multiple stages. The
symptoms exhibited by children are characterized by a higher
level of complexity, necessitating a more comprehensive clinical
evaluation. Relying only on basic assessment may lead to incor-
rect conclusions. To ascertain the medical background of indi-
viduals with suspected OSA, physicians employed questionnaires
filled out by the parents or guardians of the affected children. The
Pediatric Sleep Questionnaire (PSQ) is widely used as the pri-
mary instrument for detecting pediatric OSA. This question-
naire consists of 10 items that offer respondents fixed response
alternatives [4]. Based on the current guidelines provided by the
European Respiratory Society Task Force, the PSQ is regarded
as a reliable instrument for identifying children affected by OSA,
particularly those exhibiting an apnea-hypopnea index (AHI)
beyond 5 [5].

The Epworth Sleepiness Scale (ESS) is a standardized tool de-
veloped to assess sleep propensity in a straight forward manner.
The scale encompasses a comprehensive spectrum of sleep ten-
dencies ranging from the most elevated to the most diminished.
The ESS concept is derived from empirical observations pertain-
ing to the characteristics and prevalence of diurnal sleep and
somnolence. Certain individuals with extreme daytime sleepi-
ness actively engage in various activities and deliberately refrain
from assuming a reclined or relaxed position during the day,
thereby consciously avoiding sleep. Individuals who experience
boredom, possess surplus leisure time, or exhibit social with-
drawal tendencies do not necessarily exhibit signs of drowsiness,
opt to recline, or engage in daytime sleep [6]. Boari et al. [7] com-
pared “ESS scores” and “AHI” and concluded that ESS can de-
tect normal and severe levels of apnea.

Following its inception in the 1980s, the Mallampati score
system expeditiously gained prominence as a customary pre-
operative physical examination technique employed to predict
the likelihood of encountering a challenging airway [8]. There
is a documented association between the Mallampati scores and
OSA. OSA is a common sleep-related respiratory disease. Re-
laxation of upper airway structures during sleep results in block-
age of the upper airway. The Mallampati score has been dem-
onstrated to be an autonomous risk factor for predicting the
existence and intensity of OSA. There is a positive correlation
between an increase in the Mallampati score by one point and
doubling of the odds of experiencing OSA. There is a positive
correlation between the Mallampati score and the AHI, where-
by a one-point increase in the former is associated with an av-
erage increase of more than five episodes per hour in the latter.
Hence, the evaluation of a patient’s Mallampati score prior to
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polysomnography has potential utility in the clinical context for
predicting OSA [9].

The literature search revealed that there was no holistic liter-
ature wherein the three different techniques were used to eval-
uate and compare OSA and non-OSA patients. Therefore, this
study was conducted with the null hypothesis that there was no
significant difference in the PSQ, ESS, and Mallampati scores
between participants with OSA and those without OSA.

METHODS

Study Design

This prospective study was conducted in the Department of
Orthodontics after obtaining ethical clearance from the D Y
Patil Dental College Institutional Review Board (594(5)/2022)
and in accordance with the Declaration of Helsinki. Written in-
formed consent from the parents and assent from the children
were obtained following an explanation of the study, while en-
suring confidentiality.

Sample Size Calculation

The sample size was calculated using G*Power software (Ver-
sion 3.1.9; Heinrich-Heine-Universitit Diisseldorf, Diisseldorf,
Germany). The power analysis revealed that 90 samples would
provide a power of 80%, with a type 1 error of 5% and a type 2
error of 20%. Considering a 10% dropout rate, the present study
was conducted with 100 participants.

Eligibility Criteria

The study period spanned from January 2022 to August 2023.
Participants were recruited from the hospital outpatient de-
partment after they met the following inclusion and exclusion
criteria: growing female patients in the age group of 9-13 years
at cervical vertebrae maturation of stage 1 and 2, having skeletal
class IT due to retrognathic mandible (maxilla-mandibular rela-
tionship as assessed by angle between point A which is the deep-
est point on anterior concavity of maxillae and point B which is
the deepest point on anterior concavity of the mandible as des-
ignated by ANB angle > 4°), narrow and constricted maxillary
arch. Patients with a history of systemic disease, a history of pre-
vious orthodontic treatment, and those who were not willing
to participate in the study were excluded. Participants were re-
cruited to the study sample using the purposive sampling tech-
nique. Patients were then assessed for weight, height, and neck
circumference. The height, age, sex, and weight of the patients
were entered into the calculator for body mass index (BMI) com-
putation. The BMI percentile of the participants was calculated
based on the BMI values. BMI Z-scores were also calculated.
The Center for Disease Control and Prevention defined obesity
as at or above the 95th percentile of BMI for age and overweight
as between the 85th to 95th percentile of BMI for age, and nor-
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mal weight as between the 5th and 85th percentile of BMI [10].

Study Methodology

A total of 495 participants were screened according to the eli-
gibility criteria and 160 were finally selected. A total of 160 par-
ticipants were subjected to a PSQ, ESS, and Mallampati scor-
ing. The PSQ consists of 22 questions that inquire about snoring
frequency, loud snoring, observed apnea, difficulty breathing
while sleeping, daytime sleepiness, inattentive or hyperactive
behavior, and other characteristics of pediatric OSA [4]. The re-
sponses are classified using a coding system where “yes” is rep-
resented by the number 1, “no” is represented by the number 0,
and “don’t know” is represented as missing. The PSQ score is
determined by calculating the ratio between the sum of “yes”
responses and the number of questions that were answered. A
PSQ score equal to or greater than 0.33 is considered to be in-
dicative of OSA [4].

The ESS is a self-administered questionnaire that consists of
eight questions. Participants were asked to assess their likelihood
of falling asleep or dozing off during eight different activities,
using a four-point scale (ranging from 0 to 3). The majority of
individuals engage in these activities sporadically, not daily. The
ESS score, which is the summation of scores ranging from 0 to 3,
exhibits a potential range of values from 0 to 24. A score 0 means
never dozing, 1 means a slight chances of dozing, 2 means a mod-
erate chance of dozing, and 3 indicates a high chance of dozing.
ESS scores can be interpreted as follows: 0—10, normal daytime
sleepiness; 11-12, mild excessive daytime sleepiness (EDS); 13-
15, moderate EDS; and 16-24, severe EDS. The average sleep pro-
pensity in an individual’s everyday life, also known as “daytime
sleepiness,” has an inverse relationship with the ESS score. EDS
was accepted in individuals with a total score of 10 or higher [6].

Mallampati scoring is a useful tool for assessing the likeli-
hood of OSA in an individual, with scores based on a scale of
1 to 4, which assesses the size and shape of a patient’s tongue
and esophageal airway. The patients were permitted to produce
sounds while their mouths were in an open position. Scoring is
contingent on the discernibility of anatomical formations within
the oropharynx. Score 1-4 were given based on the classes as
follows: Class 1 provided visibility of the tonsils, uvula, and both
the soft and hard palates. Class 2 allowed for the visibility of the
soft palate and at least a portion of the uvula. Class 3 granted
visibility to the soft palate. Finally, class 4 did not provide visi-
bility beyond the tongue, encompassed the faucial/tonsillar pil-
lars (arches positioned anteriorly and posteriorly to the tonsils),
foundation of the uvula, and soft palate. Notably, the magnitude
of the tonsils did not affect the Mallampati score [8].

After completion of the PSQ, ESS, and Mallampati scoring, all
patients underwent polysomnographic examination. A level 1
testing protocol was employed for polysomnographic examina-
tion (Alice 5 Philips Respironics PSG; MFI Medical Equipment
Inc., San Diego, CA, USA), necessitating overnight sleep in a
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sleep laboratory under the supervision of a trained technician.
This procedure entailed recording a minimum of seven data
channels (although typically >16), encompassing respiratory,
cardiovascular, and neurologic parameters, to generate an all-
encompassing representation of sleep architecture. Polysom-
nography records mental waves, blood oxygen level, pulse, and
breathing during rest. An AHI score less than 5 were categorized
as non-OSA patients [11]. The current study employed AHI
standards that were applicable to adults, rather than children.
Previous studies have revealed that there is no discernible dif-
ference in the consequences between a child with an AHI less
than 1 event per hour and one with an AHI ranging from 1 to
5 events per hour [12]. The study that provided a classification
system for paediatric OSA [13], based on the AHI index, was re-
stricted by a limited sample size, the absence of electroencepha-
lography validation of sleep, and the disregard of hypopneas or
central events. The determination of normative standards for
PSG was based on the statistical distribution of data and it has
not been established that these standards hold any validity as
predictors of long-term outcomes [14]. Fifty cases of OSA were
diagnosed in 160 cases, which formed Group 1. To follow a 1:1
allocation ratio and according to sample size calculation, 50
non-OSA cases were randomly selected from the 110 non-OSA
cases for analysis (Group 2). The study design is shown Fig. 1.

Statistical Analysis

Data were evaluated for completeness and transferred to Mi-
crosoft Excel Version 13 for statistical analysis. Statistical analy-
sis was performed at a 95% confidence level with a statistical
significance of p-value less than 0.05. Statistical analysis was
performed using IBM SPSS Statistics (Ver 23; IBM Corp., Ar-
monk, NY, USA). For categorical variables, the frequency and
percentage for the data were obtained, whereas for continuous
variables, the mean and standard deviation for the data were
obtained. Shapiro-Wilk test was used to assess the normality
of data and as data was not normally distributed; therefore, the
non-parametric tests such as chi-square and Mann—-Whitney U
test were applied to compare the scores between the two groups.
Furthermore, the sensitivity and specificity of PSQ, ESS, and
Mallampati score was evaluated using receiver operating char-
acteristic (ROC) curves, and cut-off values were calculated us-
ing Youden index.

RESULTS

The null hypothesis was rejected in the present study as signif-
icant differences were observed between the groups. The mean
age of the patients in Group 1 was 11.9 + 2.1 years, and 11.3 +
1.9 years in Group 2. The number of obese participants in the
OSA and non-OSA groups was 12 and 10, respectively, whereas
the number of participants with a normal BMI percentile was
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Fig. 1. Diagram of the study design. OPD, outpatient department; OSA, obstructive sleep apnea.

20 in the OSA group and 29 in the non-OSA group. The mean
BMI of patients with OSA was 34.1 + 5.9 while it was 22.3 + 8.5
in non-OSA group. The mean neck circumference in OSA pa-
tients was 18.62 + 3.81 cm while in non-OSA patients was 12.15
+ 1.01 cm, respectively (Table 1). Most of the participants in
Group 1 had mild (44%) and moderate (36%) ESS scores, where-
as in Group 2, most of the participants had normal (56%) and
mild (36%) ESS scores (Table 2). Most of the participants in
Group 1 had class 3 (44%) and class 4 (24%) scores indicative
of OSA, whereas in Group 2, most of the participants had class 1
(64%) and class 2 (32%) scores (Table 3).

The mean PSQ scores of the OSA group was 0.78 + 0.45 and
in the non-OSA group was 0.24 + 0.03. This difference was sta-
tistically significant (p < 0.05). Similarly, statistically significant
differences were observed between the groups for ESS and Mal-
lampati scores, with Group 1 having higher scores than Group 2
(p < 0.05), as shown in Table 4.

ROC curves for PSQ, ESS, and Mallampati scores revealed
that PSQ had 100% specificity, sensitivity of 45.5%, accuracy of
72.7%, and p-value of 0.997, whereas ESS had 95.5% specificity,
sensitivity of 22.7%, accuracy of 59.1%, and p-value of 0.03.
Mallampati score had 72.7% specificity, 63.6% sensitivity, accu-
racy of 68.2%, and p-value of 0.002. Mallampati had acceptable
accuracy to diagnose OSA (area under curve [AUC] of 0.754),
whereas ESS and PSQ had excellent accuracy in diagnosing
OSA (AUC of 0.794 and 0.812, respectively). ESS scores above
10, PSQ scores above 0.3, and Mallampati scores more than or

Table 1. Descriptive analysis of primary variables in study groups

Group 1 Group 2

Variable (n=50) (n=50) p-value
Age (yr) 11.9+2.1 113+1.9 0137
Neck circumference (cm) 18.62+3.81 12.15+1.01 <0.001*F
BMI (kg/m?) 34159 223485 <0.001*
BMI classification 0.171%
Obese 12 (24) 10 (20)
Overweight 18 (36) 11 (22)
Normal 20 (40) 29 (58)
BMI Z-score 2.94+0.72 1.32+1.04 <0.001*f

Values are presented as mean + standard deviation or n (%).

*p < 0.05 significant; Tindependent t-test; *Chi-square test.

Group 1, cases of obstructive sleep apnea (OSA); Group 2, cases of
non-OSA; BMI, body mass index.

equal to 2 were indicative of OSA (Fig. 2).

DISCUSSION

OSA is characterized by specific features including recurrent
constriction or obstruction of the upper airway during sleep,
which causes frequent decreases in oxygen levels and subse-
quent arousal. Neglecting to manage may have detrimental im-
pacts on an individual’s neurocognitive capabilities. Studies con-
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Table 2. Frequency distribution of participants according to Ep-
worth Sleepiness Scale

Level of daytime

Group 1 Group 2

-val
sleepiness (n=50) (n=50) prvalue
Normal 0(0) 28 (56)

Mild 22 (44) 18 (36)

<0.001*
Moderate 18 (36) 4(8)
Severe 10 (20) 0(0)

Values are presented as n (%).

*p < 0.05, significant (chi-square test).

Group 1, cases of obstructive sleep apnea (OSA); Group 2, cases of
non-OSA.

Table 3. Frequency distribution of participants according to Malla-
mpati scores

Group 1 (n=50) Group2 (n=50) p-value

Class 1 06 (12) 32 (64)
Class 2 10 (20) 16 (32)
<0.001*
Class 3 22 (44) 2(4)
Class 4 12 (24) 0(0)

Values are presented as n (%).

*p < 0.05, significant (chi-square test).

Group 1, cases of obstructive sleep apnea (OSA); Group 2, cases of
non-OSA.

Table 4. Comparison of the ESS, Mallampati score, and PSQ be-
tween Group 1 and Group 2

Variables Group 1 (n=50) Group2(n=50) p-value
ESS 9.86 +2.47 7.27 £2.39 0.001*
Mallampati score ~ 2.27 +0.98 1.32+£0.57 0.001*
PSQ 0.78 £ 0.45 0.24+0.03 0.001*

Values are presented as mean + standard deviation.

*p < 0.05, significant (Mann-Whitney test).

Group 1, cases of obstructive sleep apnea (OSA); Group 2, cases of
non-OSA; ESS, Epworth Sleepiness Scale; PSQ, Pediatric Sleep
Questionnaire.

ducted by Talla et al. [15] and Triplett et al. [16] demonstrated
a comparatively greater incidence of OSA individuals present-
ing with skeletal class II malocclusions, than in those with skel-
etal class I malocclusions.

This study aimed to compare the PSQ, ESS, and Mallampati
scores of skeletal class II children with and without OSA. Ramar
et al. [17] stated that the diagnosis and continuous care of OSA
and primary snoring are normally responsible for sleep physi-
cians, as outlined in the clinical practice guidelines issued by
American Academy of Sleep Medicine and the American Acad-
emy of Dental Sleep Medicine.

The sleep quality scores of patients with and without OSA
were compared using different tools. In the OSA group, the par-
ticipants had an average PSQ score of 0.78 with a standard de-
viation of 0.45. In contrast, the non-OSA group had an average
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PSQ score of 0.24 with a standard deviation of 0.03 indicating
good-quality sleep. In the OSA group, according to the Mallam-
pati score examination, most patients had class 2 and 3, whereas
most patients in the non-OSA group had class 1.

In previous studies using the Mallampati and ESS scores to
assess the sleep quality of pediatric patients with OSA, it was
found that poor quality scores indicate poor sleep quality [18-20].
The results of the present study are consistently in the line with
the literature that was published universally [21-23]. On average,
the odds of having OSA increased by more than 6-fold for ev-
ery point increase in the Mallampati score [18]. This approach
can result in earlier diagnosis and timely management of OSA.
A delayed diagnosis of OSA not only leads to a diminished qual-
ity of life and various neurological and cardiopulmonary com-
plications but also increases the financial burden on healthcare
systems. Polysomnography is considered the gold standard for
diagnosing pediatric OSA, and the Mallampati score serves as
an additional resource to aid in the identification of patients
with a heightened risk of pediatric OSA [21]. Despite numerous
debates, studies have suggested that apnea/hypoxemia provides
a substantial explanation for EDS in patients with OSA [22,23].

When ESS, PSQ, and Mallampati were studied as reliable in-
dicators of OSA by ROC curves, it was noticed that the highest
specificity, accuracy, and AUC was noticed for PSQ, followed by
ESS and Mallampati. The cut-off values for PSQ, ESS, and Mal-
lampati were in accordance with previous studies [9,24,25]. Based
on the findings of the present study; it can be concluded that PSQ
and ESS had lower sensitivity, and Mallampati scoring was rel-
atively reliable with satisfactory specificity and sensitivity (72.7%,
and 63.6%, respectively). The reason for low sensitivity of PSQ
and ESS might be due to fact that sensitivity of a questionnaire
can be influenced by various factors such as social, cultural, and
developmental differences. Questionnaires may not cover the
full range of pediatric sleep disorders or may not be sensitive to
specific conditions that are more prevalent in children includ-
ing issues like night terrors, bedwetting, or parasomnias, which
may not be fully addressed by these questionnaires. Moreover,
both questionnaires rely on self-reporting or reporting by par-
ents/guardians. Subjective measures can be influenced by indi-
vidual perceptions, and children or their caregivers may not al-
ways accurately report sleep-related issues. The key strength of
the study was a complete assessment of the patients with re-
gards to PSQ, ESS, and Mallampati scores among participants
with OSA and those without OSA.

Limitations

This study was a single center study, involving female patients.
The present study used AHI index of adults, and therefore, could
have affected the grouping of patients into OSA and non-OSA
groups. Hence, future multicenter studies are required to be con-
ducted on both the genders with a large sample size, using AHI
standards of children.
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Conclusion

PSQ, ESS, and Mallampati scores were higher among partic-
ipants with OSA. PSQ and ESS had lower sensitivity (45.5%
and 22.7%, respectively) and therefore, are unsuitable for diag-
nosing true positive cases of OSA. However, due to high speci-
ficity and accuracy of PSQ and ESS, they can be used for initial
screening of OSA cases. Amongst all the methods, Mallampati
scoring had a specificity of 72.7% and sensitivity of 63.6%, and
therefore can be used satisfactorily in diagnosing OSA cases.
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