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Abstract

The purpose of this research was to elucidate the relationship between tonsillar hypertrophy and
Obstructive Sleep Apnea Syndrome (0OSAS) in terms of cephalometric analysis, as well as to deter-
mine factors that affect OSAS severity. 25 patients were enrolled in this study. Lateral cephalo-
grams of the subjects were taken. Disease severity was evaluated by the Apnea Hypopnea Index
(AHI). Cephalometric measurements (angle between line S-N and line N-A (SNA), angle between
line S-N and line N-B (SNB), distance between the Mandibular Plane and the Hyoid (MPH), post-
erior airway space, the width of the airway behind the base of tongue along the B-Go line (PAS),
upper airway space, the distance parallel to long axis of the airway, between a horizontal plane
tangent to the superior aspect of the hyoid and a horizontal plane tangent to the posterior palate
(UAL), multiplication of PAS and UAL (PAS x UAL)) were analyzed and compared between the
groups with and without tonsillar hypertrophy. PAS and PAS x UAL were lower in the no hyper-
trophy group. SNB was significantly lower in the severe apnea group than mild to moderate group
in no hypertrophy group (p = 0.035). In conclusion, patients with tonsillar hypertrophy had severe
obstruction, but they had a relatively larger pharyngeal space on cephalometric analysis. After ex-
clusion of the tonsillar hypertrophy group, cephalometric analysis could be more effective for
analyzing OSAS severity.
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1. Introduction
Obstructive Sleep Apnea Syndrome (OSAS) is a potentially life-threatening disorder caused by repetitive nar-
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rowing and occlusion of the upper airway during sleep, and it has been associated with loud snoring and apnea.
OSAS is considered to be a risk factor for hypertension, ischemic myocardial diseases, and cerebral vascular
diseases [1] [2], and it is also considered to be a cause of traffic accidents due to daytime sleepiness [3] [4].

Especially in our company, which has many railway employees, if apnea symptoms were to happen during
work hours, a serious disaster could occur.

Cephalometric analysis has been used by many authors to evaluate the severity of OSAS [5]-[9]. However,
there are only some data on the relationship between OSAS severity and cephalometric analysis. Furthermore,
tonsillar hypertrophy is one of the main causes of OSAS, but hypertrophy was not considered in the cephalome-
tric analyses of many reports. In this study, the focus was on tonsillar hypertrophy, and the patients were divided
into two groups, with and without tonsillar hypertrophy.

The aim of the present investigation is to study the relation between tonsillar hypertrophy and cephalometric
analyses and efficacy of cephalometric analyses for OSAS severity.

2. Materials and Methods

1) Patients who were suspected to have obstructive sleep apnea syndrome (OSAS) based on a medical ex-
amination referring to International Classification of Sleep Disorders-Third Edition (ICSD-3) [10] referred at
our company were the subjects of this study. This study was performed form Apr 2010 to Mar 2011.

The OSAS examination included the Epworth sleepiness scale (ESS) [11] and arterial oxygen saturation
measured overnight with pulse oximetry. Patients who were suspected to have OSAS underwent polysomno-
graphy (PSG). After PSG, patients with an apnea hypopnea index (AHI) > 5 were diagnosed as having OSAS
and referred to our department using International Classification of Sleep Disorders-Third Edition (ICSD-3).
Twenty-five patients were enrolled in the study and assigned to two groups based on the presence or absence of
tonsillar hypertrophy on examination using Friedman’s palatine tonsil grading [12]; patients over grade Il were
assigned to the tonsillar hypertrophy group.

And all patient’s background data including age, sex and mean AHI were recorded.

2) Cephalometric analyses

Lateral cephalograms of the subjects were taken with the Frankfort horizontal plane (FH plane) parallel to the
floor and with the patient in centric occlusion. The cephalograms were traced to identify hard and soft tissue
landmarks (Figure 1). The measuring points were digitized as two-dimensional coordinate values for calculation
by a free software program (DentEd, Numata Clinic, Sendai, Japan).

3) Statistical analysis

Patients” background characteristics included age and BMI. Severity of disease was evaluated using the AHI
from International Classification of Sleep Disorders-Third Edition (ICSD-3) as follows.

Mild: AHI 5 - 15.

Moderate: AHI 15 - 30.

Severe: AHI more than 30.

The SNA, SNB, MPH, PAS, UAL, and PAS x UAL values of cephalometric analysis were compared (Figure
1). These data were compared by the Mann-Whitney U test. All statistical analyses were carried out with SPSS
for Windows, version 10 (SPSS Inc., Chicago, IL, USA).

3. Results

1) Overall analysis

The data of all 25 patients are shown in Table 1. All patients were male.

The patients were divided into two groups based on the AHI score (<30 and >30). An AHI score of <30 indi-
cates mild and moderate OSAS, while an AHI score of >30 indicates severe OSAS.

In terms of age, there is no difference between them.

BMI of AHI > 30 group is larger that of AHI < 30, but there is no difference.

SNB was lower and UAL was higher in the severe apnea group, but the differences were not significant.

There were no significant differences between the groups (Table 2).

2) Comparison of the groups with and without tonsillar hypertrophy

Age and BMI are higher in no-hypertrophy group without difference.

PAS and PAS x UAL were significantly lower in the non-hypertrophy group, p values were 0.011 and 0.009



T.Nomura et al.

Figure 1. Cephalometric landmarks of hard and soft tissues. S: Center of the sella turcica. N: Most anterior point of the
frontonasal suture. Or: Lowest point on the average left and right inferior borders of the bony orbit. Po: Highest point on the
superior surface of the soft tissue of the external auditory meatus. Pt: Pterygoid point. Ar: Intersection between the external
contour of the cranial base and the dorsal contour of the condylar head or neck. ANS: Apex of the anterior nasal spine. PNS:
Intersection between the nasal floor and the posterior contour of the maxilla. A: Most posterior point on the anterior contour
of the upper alveolar process. B: Most posterior point on the anterior contour of the lower alveolar process. Pog: Most ante-
rior point of the contour of the chin. Gn: Point on the chin determined by bisecting the angle formed by the facial and man-
dibular planes. Me: Most inferior point on the mandibular symphysis. Go: Most posterior-inferior point on the convexity of
the angle of the mandible. H: Most anterior-superior point on the body of the hyoid bone. P: Base of tongue on the B-Go line
SNA: Angle between line S-N and line N-A. SNB: Angle between line S-N and line N-B. MP: Mandibular plane. MPH:
Distance between the mandibular plane and the hyoid. PAS: Posterior airway space, the width of the airway behind the base
of tongue along the B-Go line. UAL: Upper airway space, the distance parallel to long axis of the airway, between a hori-
zontal plane tangent to the superior aspect of the hyoid and a horizontal plane tangent to the posterior palate. PAS x UAL:
multiplication of PAS and UAL.

respectively (Table 3).

3) Non-hypertrophy group analysis

Tonsillar hypertrophy patients were excluded, and only the remainingl8 patients without hypertrophy were
analyzed. The patients were divided into two groups based on the AHI score (<30 and >30).

Age is same in both group. BMI is higher in AHI > 30 group, but there is no difference.

SNB was significantly lower in the severe apnea group, and PAS and PAS x UAL were lower and MPH and
UAL were higher in the severe apnea group, but the differences were not significant (Table 4).

4. Discussion

OSAS is a sleep disorder causing excessive daytime sleepiness due to fragmentation of sleep and a chronic
shortage of sleep. Napping and carelessness resulting from OSAS increases the risk of accidents. Because of the
seriousness of such potential accidents, railroad companies and public transportation facilities try to prevent
those caused by OSAS.

In our company, OSAS screening is performed. As part of examinations for OSAS, cephalometric analyses
are often used and reported [5]-[9]. However, the efficacy of cephalometric analysis is unclear. Pracharktam et
al. [5], Kim et al. [6], and Sonsuwan et al. [7] showed a relationship between MPH and the AHI. Furthermore,
Susarla et al. [7], Sonsuwan et al. [8], and de Berry-Borowiecki et al. [9] emphasized the importance of PAS.

In our overall analysis (Table 1), there is no influencing factor for severity of OSAS. We suspected that tonsil
state could affect cephalometric analysis. Comparison between hypertrophy of palatal tonsil group and non-

hypertrophic group was performed.
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Table 1. Findings and Cephalometric score.

Case hy&?{‘fg:)hy yeﬁrggl g AHIL BMI SNA SNB PAS MPH UAL e
1 - 53 707 235 84.5 82.3 0.1 106 758 689.8
2 - 67 773 240 73.1 718 71 214 87.1 618.4
3 - 32 692 281 82.7 76.6 107 229 81.4 8710
4 - 49 775 277 81.2 75.9 79 286 85.7 6770
5 - 31 162 203 83.5 80.2 95 203 824 7828
6 - 52 714 239 775 73.9 0.7 18.1 88.9 862.3
7 - 49 204 188 777 795 135 8.1 81.1 1094.9
8 - 27 57.6 372 805 76.8 19.1 16.2 79.4 15165
9 - 33 516 331 75.7 73.2 76 15.2 727 5525
10 . 28 454 317 80.9 748 125 234 89.1 111338
11 - 64 789 220 86.5 79.3 9.1 16.7 818 744.4
12 - 68 556 257 78.8 79.8 132 27.9 88.2 1164.2
13 - 53 641 253 78.3 73.4 77 24.3 90.8 699.2
14 - 54 277 246 853 85.1 756 212 72.7 5525
15 - 74 258 181 80.6 76.8 23.0 14.9 743 17089
16 - 44 280 372 78.1 77.2 16.4 24.7 86.3 14153
17 - 75 630 235 85.3 79.8 103 28.8 87.9 905.4
18 - 48 232 284 86.3 80.2 10.2 85 74.6 7609
19 + 37 554 221 831 78.2 114 186 80.0 9120
20 ¥ 34 945 287 88.7 83.4 27.9 10.1 77.9 2173.4
21 N 28 682 251 85.3 85.6 17.8 27.4 89.0 1584.2
22 + 36 689 349 79.9 777 224 29.3 94.8 21235
23 . 29 243 210 795 795 15.4 154 84.6 1302.8
2 + 35 401 281 78.0 765 1438 7.4 92.6 13705
25 4 54 359 208 84.0 774 113 38 774 8746

Table 2. Overall analysis (25 case).

<30 (7 cases) >30 (18 cases) p value
mean SD mean SD
age 47.0 14.0 45.8 15.1 0.952
BMI 24.1 6.3 27.0 45 0.146
SNA 81.6 3.2 81.3 39 0.952
SNB 79.8 25 77.6 3.6 0.096
PAS 13.7 4.8 12.8 55 0.565
MPH 16.2 59 20.0 7.3 0.204
UAL 79.4 5.1 84.5 6.1 0.074
PAS x UAL 1088.3 382.8 1080.7 475.9 0.832
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Table 3. Comparison between hypertrophy of palatal tonsil group and non-hypertrophic group.

Hyper (7 cases) Non-hyper (18 cases) p value
Mean SD Mean SD
Age 36.1 8.0 48.6 15.0 0.102
AHI 55.3 22.2 52.3 215 0.904
BMI 25.8 48 26.3 54 0.904
SNA 82.6 35 80.3 3.7 0431
SNB 79.8 3.2 77.3 34 0.238
PAS 17.3 5.6 115 4.2 0.011 *
MPH 17.3 8.7 19.7 6.3 0.586
UAL 85.2 6.6 82.4 6.0 0.364
PAS x UAL 1477.3 483.8 941.5 329.4 0.009 *

Table 4. Non-hypertrophy group (18 cases).

<30 (6 case) >30 (12 case) p value
Mean SD Mean SD
Age 50.0 12.9 50.1 16.0 0.815
BMI 236 6.7 271 44 0.325
SNA 81.9 3.3 80.4 3.8 0.542
SNB 79.8 2.7 76.5 31 0.035 *
PAS 134 5.2 10.3 3.2 0.241
MPH 16.3 6.3 212 5.6 0.134
UAL 78.6 5.0 84.1 55 0.068
PAS x UAL 1052.6 4025 867.9 265.2 0.426

This means that subjects with tonsillar hypertrophy had severe obstruction, even though they had a relatively
large pharyngeal space on cephalometric analysis. Thus, evaluation of tonsillar condition is worthwhile, since
tonsillectomy may offer a cure for OSAS.

In next step, in non-hypertrophy group, influencing factor were analyzed (Table 4).

In the study, PAS was lower and MPH was higher in the severe OSAS group, however the differences were
not significant. Only SNB was significantly lower in severe OSAS group.

This phenomenon is clear and reasonable, since retrognathia causes a small pharyngeal space. Although in
this study we evaluated only small cases, our study could serve for future studies.

In the present study, after exclusion of subjects with tonsillar hypertrophy, cephalometric analysis became
more effective. With careful evaluation of oropharyngeal findings, cephalometric analysis could be an important
tool for evaluating OSAS severity.

5. Conclusion

Patients with tonsillar hypertrophy had severe obstruction, but they had a relatively larger pharyngeal space on
cephalometric analysis. After exclusion of the tonsillar hypertrophy group, cephalometric analysis could be
more effective for analyzing OSAS severity.

Ethical Considerations
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