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Abstract
Polysomnography is a golden standard in the diagnosis of obstructive 
sleep apnea (OSA). During the recent several years, numerous 
investigations devoted to the diagnostic value of this complex 
method in children and adults presenting with OSA and snoring 
have emerged. The publications proving the effective applicability of 
polysomnography in dental medicine and, especially, in orthodontics, 
are of undoubted interest. 
Apnea Graph is a modern tool for sleep analysis in ambulatory 
setting. By using this method, the localization of airway obstruction 
during snoring and OSA as the type of sleep apnea as obstructive 
or central can be defined. Apnea Graph is applied not only alone 
but also following polysomnography and in combination with other 
clinical and apparatus diagnostic methods. It is of particular value in 
screening investigations.
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Introduction
Polysomnography is stated to be the gold standard 
in the diagnosis of sleep disordered breathing in 
adults (8,14 and others) and children (15, 22 and 
others). 
Polysomnography is performed overnight and is 
generally divided in two groups – laboratory(in-
center overnight sleep study) and ambulatory(out-
of-center sleep testing) type(for strictly selected 
patients) (4). Home sleep apnea testing is a type 
of out-of-center sleep testing. Attended polysom-
nography includes at least 7 channels of recording, 
including electroencephalography (EEG), electro-
cardiography, and monitoring of sleep, airflow 
through the nose and mouth, pulse oximetry, respi-
ratory effort, and leg movement. Home sleep apnea 
testing includes 4-7 channels of recording.
American Association of Orthodontists (AAO) 
tasked medical and dental experts in sleep medi-
cine to create a document offering guidance to 
practicing orthodontists engaged with the manage-
ment of OSA. (4)

Polysomnography in childhood
27 children, aged between 5.2 and 6.1 years (mean 
6 years), polysomnography – diagnosed with OSA/
OSAS, were enrolled in a study. (11) Statistically 
significantly higher upper intercanine and inter-
molar distances are found in children with severe 
OSAS grade, compared to mild and moderate 
grades. 
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Overnight polysomnography proved OSA in 11 
out of 18 children with Down syndrome (mean age 
11,5±2,2 years). (6) Children with OSA displayed 
statistically significantly higher levels of gingival 
index GI (P = 0.020) and bleeding on probing 
index BOP (P = 0.006).
Polysomnography proved OSAS in 9 out of 52 
children (aged 2,5), recruited to a study, suffering 
from different anomalies in craniofacial and occlu-
sal development (12). Additional otorhinolaryngo-
logical and dental examinations of those pediatric 
patients showed narrower intercanine width (р = 
0,032), larger adenoid size with respect to the naso-
pharyngeal volume (р = 0,020) and more tendency 
to mouth breathing (р = 0,002) compared to non-
snoring children.
Another study involved 31 children with poly-
somnography-proven OSA. They were evaluated 
against 36 control patients with low risk for having 
sleep problems. Results showed significantly wors-
ened oral health in children with OSA compared 
to the control group (18). Cases of dental caries 
are more frequent (15,2 versus 3,2; р < 0,001) and 
periodontitis (with bleeding on probing index of 
87% versus 30%; р < 0,001 and more sites with 
abnormally deep periodontal probing depths – 2,7 
versus 0,3; р < 0,001).
131 pediatric patients of mean age 101,85±59,15 
months were evaluated, 69 of whom were males 
and 62 females.(3) 59 complained of snoring and 
52 – of OSA. Mean obstructive hypopnea-apnea 
index was 5.12±11.72. Prevalence of OSA was 
33,59%. Mean obstructive hypopnea-apnea index 
of patients experiencing apnea during sleep was 
significantly higher than the mean obstructive 
hypopnea-apnea index of the children who do not 
experience apnea (7.52±14.25 versus 2.61±5.84, 
p = 0,008 ) in OSA patients and in snoring ones 
(6,93±13,53 versus 2,32±5,43; p = 0,011).
Respiratory disturbance was seen in 90% of the 
30 pediatric polysomnography-diagnosed OSA-
patients, enrolled in a study in Iran. 16 were 
females and 14 – males, aged between 6 and 18 
years. (19) Symptoms included snoring (in 18 
of them), frequent awakening (in 17), nocturnal 
sweating(in 15), daytime sleepiness (in 12), sleep 
talking (in 10), bedtime resistance (in 9), having 
nightmares (in 8), waking up problems (in 6), 
sleep walking (in 6), difficult breathing (in 4), 
bedwetting (in 3) and sleep onset delay – in 2 of 
the patients. Severe, moderate and mild apnoea-

hypopnoea indices were observed in 12, 9 and 6 of 
the children respectively.
OSA was proven with full-night polysomnography 
in 170(55 %) out of 310 pediatric patients, aged 
between 2 and 18 years (mean age – 7,6±3,7 years). 
(7) Optimal points of all indicators(age, tonsil and 
adenoid size, obesity and apnoeic episodes) for 
predicting apnoea-hypopnoea index of >1 and >5 
were 10 (sensitivity, 72,9%; specificity, 65,0%) and 
12 (sensitivity, 77,5%;  specificity, 56,9%).
A total of 1115 children were included in another 
study (21) and underwent polysomnography exam-
ination. They were divided into 4 groups: group 
1 – 143 with OSAS (obstructive apnea hypopnea 
index ≥ 1); group 2 – 345 with primary snoring 
(obstructive apnea hypopnea index < 1); group 3 
– 529 with obstructive apnea hypopnea index > 5 
or obstructive apnea index > 1 and group 4 – 98 
healthy children as a control group. After adjust-
ments for age, gender and body mass index, chil-
dren in group 1 had higher total sleep disorder scale 
score (р < 0,01), as well as sub-scores for severe 
snoring (р < 0,01), daytime behavior problem (р < 
0,01) and sleep related nighttime abnormality (р < 
0,05), compared with normal controls. 

Polysomnography in adulthood
A cross-sectional study was conducted in Kingdom 
of Saudi Arabia in order to diagnose OSA with 
polysomnography. (2) A total of 51 non-obese adult 
patients were enrolled, 31 males and 20 females, 
mean age of 49,45±10,35 years. OSA was mod-
erate in 17 subjects, but 34 were diagnosed with 
a severe form of OSA. Neither the demographic 
characteristics, nor characteristics of dental occlu-
sion showed statistically significant relationship 
with the severity of OSA. 
199 patients of mean age 49,9 years, 107 females 
and 92 males, were enrolled in a study. (10) 
62,3% were diagnosed with periodontitis, and 
34,1%  – with gingivitis. Statistically significant 
association was shown between periodontitis and 
mild polysomnography-proven OSA(р = 0,041). 
Further analysis of the results showed a statistically 
significant difference for patients with OSA and 
arterial hypertension (р < 0,001) and those with 
OSA and hypertensive cardiomyopathy (р < 0,001) 
compared with healthy individuals. Probably peri-
odontitis was more likely in men with severe OSA 
and with any of two comorbidities.  
Glossopharyngeal airway obstruction in 125 patients 
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diagnosed with moderate-to-severe OSAHS was 
assessed using polysomnography(after nasopha-
ryngeal tube insertion) and using spiral computed 
tomography. (17) Neither apnea-hypopnea index 
values nor lowest oxygen saturation values obtained 
from the first polysomnography were significantly 
correlated with the cross-sectional area or the inner 
diameter of the glossopharyngeal airway. Apnea-
hypopnea index values after nasopharyngeal tube 
insertion were significantly correlated with the 
cross-sectional area or the inner diameter (with 
correlation coefficients of 0,264; р = 0,039) and 
anteroposterior diameter of the glossopharyngeal 
airway (with correlation coefficients  of 0,185; р = 
0,003). Obvious glossopharyngeal airway stenosis 
was proven using both methods in 52 patients, and 
with CT scan only – in 41 subjects. The two meth-
ods reached the same diagnosis in 86 cases, with a 
consistency rate of 68.8 %.

Apnea Graph
Apnea Graph is a modern tool for sleep analysis 
in ambulatory setting. By using this method, the 
localization of airway obstruction during snoring 
and OSA as the type of sleep apnea as obstructive 
or central can be defined. Apnea Graph is applied 
not only alone but also following polysomnography 
and in combination with other clinical and appara-
tus diagnostic methods measuring nasopharyngeal 
air pressure. It is of particular value in screening 
investigations. Some of the essential features of 
Apnea Graph include: sleep analysis according to 
polysomnography; localization of airway obstruc-
tion during the natural sleeping pattern improving 
diagnostics and results from surgical treatment; no 
technical assistants to perform the examination or 
sleep medicine doctors to interpret the results are 
required. Apnea Graph is done in ambulatory set-
ting and stands to be economically more practical 
than the conventional polysomnography.
16 patients, 12 of whom males and 4 females, all 
suffering from OSA (OSAS) underwent diagnostic 
procedures with Apnea Graph and dental examina-
tions including cephalometry to identify the local-
ization of the obstruction.(5) A firm correlation was 
established between otolaryngologic value of AHI 
and the cephalometric values of the ANB angle, 
with the distance between the hyoid bone and the 
mandibular plane. Caudal position of the hyoid 
bone is a sign for severe OSAS.
The diagnostic value of Apnea Graph regarding the 

localization of the obstruction and determining the 
stage of OSAS is compared to the value of labora-
tory and ambulatory polysomnography in 30 males 
enrolled in a clinical trial. (9) Severity stages of 
OSAS determined by apnea-hypopnea index using 
both methods are different in 44% of the cases. 
Such dominant collapse levels are detected in 64% 
of the patients.
37 patients with OSA were investigated with pulse 
oximetry and  Apnea Graph.(1) According to the 
results using pulse oximetry only, 31 are diagnosed 
with snoring, whereas Apnea Graph showed 11 
patients with a moderate degree and one with a 
severe degree of OSA.
50 patients with OSAHS, previously underwent 
polysomnography, in whom a number of indices of 
sleep medicine were assessed persperctively using 
a 2-h day – or nighttime Apnea Graph. The aim was 
to identify the level of obstruction before the surgi-
cal intervention. (23) All indices except the lowest 
oxygen saturation index found no significant dif-
ferences between day- and nighttime Apnea Graph. 
Most moderate and severe patients had predomi-
nant sites of obstructions in the upper level.
115 patients suffering from OSAS and hypopnea, 
previously underwent polysomnography, were syn-
chronously examined by Apnea Graph and micro 
movement sensitive mattress sleep monitoring 
system in Beijing, China. (20) Mild, moderate and 
severe OSAS grading was found with Apnea Graph 
in 6, 16 and 93 patients, and with micro movement 
sensitive mattress sleep monitoring system – 8, 26 
and 81 respectively. Hypoxemia severity grading 
– mild, moderate and severe – found with Apnea 
Graph in 14, 70 and 27 of the patients,  and 6, 72 
and 37 respectively, investigated with  micro move-
ment sensitive mattress sleep monitoring system. 
Parameters of apnea-hypopnea index are 51,5±21,2 
times/h and 48,1±24,2 times/h (r = 0,947), the 
lowest oxygen saturation index – 0,736±0,110 and 
0,710±0,108 (r = 0,935), the correlation coefficient 
of apnea index and obstructive apnea and hypopnea 
index – r = 0,856 и r = 0,841 (р < 0,01), positively 
correlated data obtained through the methods.
30 patients, 28 males and 2 females, with median 
age (ranging from 35 to 59) of 41,5, were diag-
nosed with severe OSAHS by overnight polysom-
nography. The mean body mass index was 28,8±4,1 
kg/m2. Investigations with Apnea graph and cepha-
lometry were conducted (24). Mean apnea-hypop-
nea index was 58,6±16,4 times/h, lowest oxygen 
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saturation was averaged to 0,69±0,09. All patients 
had narrow PAS with the mean of 7,6±2,1 mm 
(between 4,4 mm and 10,8 mm). Only in 2 of the 
cases obstruction of more than 50% of the airway 
at lower level was observed. Eight of the patients 
had 30 to 40 % obstruction, six had less than 6 mm 
narrow PAS. Therefore patients with a higher per-
centage of lower obstruction had the tendency to 
have a corresponding narrower PAS.
A prospective study was performed, which includ-
ed 14 patients suffering from OSAS. A good cor-
relation between Apnea Graph and polysomnog-
raphy measurements for apnea-hypopnea index, 
pulse, SaO2, body position and central apnea was 
established. (13) The specified study showed dif-
ferences between the two methods for apnea index 

(р=0,002), hypopnea index (р=0,013), mixed apnea 
(р=0,003) and obstructive apnea (р=0,013). Apnea 
Graph proved a pure upper airway obstruction in 
2 cases, while  six patients had a predominance of 
lower obstruction.	
A prospective study of 49 patients with snoring and/
or  OSA was done with the aim to evaluate results 
from implementing sleep nasendoscopy, polysom-
nography and Apnea Graph (16). No significant 
differences (р>0,15) between polysomnography 
and Apnea Graph regarding apnoea-hypopnoea 
index, total number of apnoeic events, average 
oxygen saturation and maximal desaturation.
Apnea Graph is of particular value in screening 
investigations among risk groups of patients for 
OSA.
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