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Introduction
Obstructive sleep apnea syndrome (OSAS) is a respiratory 
disorder characterized by multiple episodes of upper airway 
obstruction, either complete or partial, during sleep which 
can lead to apnea or hypopnea and finally causes arousal or 
hypoxia. Apnea is defined as complete obstruction of airway 
for at least 10 s and hypopnea is defined as one of the following 
conditions: 
1. 30% or more reduction in basal airflow plus at least 3% 

reduction in oxygen saturation;  
2. 30% or more reduction in basal airflow plus evidence of 

arousal in electroencephalogram (EEG).1–3.
OSAS can manifest by loud snoring, daytime sleepiness, 

morning headaches, unrefreshing sleep, fatigue, and inspec-
tion of apnea by others. OSAS has so many complications 
which can be serious such as cardiovascular and cerebrovas-
cular events and car accidents.1–4 Some risk factors for OSAS 
have been identified such as old age, obesity, smoking, alco-
hol consumption, male gender, menopause, race, craniofacial 
anomalies, and nasal obstruction.1,2

Reported prevalence of OSAS differs between studies that 
can be due to different age and race groups, other health con-
ditions, and different techniques and interpretations of poly-
somnography. The global prevalence was 17–27% in males and 
3–28% in females. Prevalence was reported 44% in Iran which 
is higher than other Asian countries. It can be hypothesized 
that craniofacial properties in Asian populations predispose 
them to this disease because evidence shows more OSAS in 
Asians despite lower prevalence of obesity as an important risk 
factor for OSAS.1,2,5

Based on the multifactorial origin of OSAS, the patho-
physiology of this disease is not fully understood.6 Its patho-
physiology has been studied by some physiologic and anatomic 
methods which showed abnormal upper airway structure.7,8 
Anatomic and anthropometric studies of the craniofacial skel-
eton and upper airway soft tissues can help in diagnosis and 
predicting this disorder, meanwhile attention should be paid 
to the role of age, gender, and obesity.6,9 Craniofacial morphol-
ogies and anomalies can cause upper airway collapse during 
sleep.10 Aging leads to soft tissue changes in head and face, 
hence it is beneficial to study craniofacial and upper airway 
structures in various age groups and ethnicities.4,8 There are 
two types of craniofacial anomalies: first is skeletal anomalies 
(micrognathia, retrognathia), and second is soft tissue anoma-
lies (macroglossia, large soft palate and adenoid). One patho-
physiological theory for OSAS is enlarged peri-pharyngeal 
soft tissues disproportionate to skeleton which is fixed.11 It was 
shown that cephalic and facial indices differ between individu-
als and ethnicities, which highlights the importance of anthro-
pometric studies.12 Previous studies indicated that decreased 
length of maxilla and mandible, inferiorly positioned hyoid 
bone, increased facial height, decreased total facial index, 
retrognathia, micrognathia, macroglossia, larger soft palate, 
and increased cephalic index were related to OSAS.7,11,13,14 
Furthermore, other anthropometric properties such as body 
mass index (BMI), waist circumference, hip circumference, 
and neck circumference may affect OSAS incidence.15 

Despite advancements in imaging and other diag-
nostic techniques, diagnosing OSAS is still challenging. 
Overnight polysomnography is the most accurate approval 
test for OSAS. This test includes electroencephalogram (EEG), 
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electrocardiogram (ECG), electrooculogram (EOG), chin 
electromyogram (EMG), and measuring airflow, oxygen sat-
uration, and heart rate.6 Health care expenses can be reduced 
by early diagnosis and treatment of OSAS.16 Scientists have 
introduced some economical predicting models for diagnos-
ing OSAS in last decade, which included regression analysis 
of demographic, clinical, and anthropometric variables.14 
Finding more economical methods to prevent and predict 
OSAS can lower health care expenses. This study was aimed to 
assess correlations between craniofacial variables and OSAS in 
Baharloo sleep disorders clinic, Iran.

Materials and methods
In this cross-sectional study, 73 patients in Baharloo sleep dis-
orders clinic were assessed. Ethical code was obtained from 
Tehran University of Medical Sciences (IR.TUMS.MEDICINE.
REC.1396.4116). Cases were selected by easy sampling 
method. Inclusion criteria were as following: Being Iranian, 
OSAS symptoms or referral due to that, and STOP-BANG 
score of 3 or more. Exclusion criteria were as following: cra-
niofacial anomalies and craniofacial surgeries. Demographic 
information including age and gender were obtained from 
approved identification cards. Anthropometric measurements 
(height, weight, neck circumference, waist circumference, 
hip circumference) were made by scale and tape measure. 
Craniofacial measurements (head length, head width, face 
height, face width, upper face height) were made by anthro-
pometric caliper, while patient seated, head in Frankfort plane 
and mouth closed. Neck circumference was measured in the 
level of cricothyroid membrane. Waist circumference was 
measured halfway between costal margin and iliac crest. Hip 
circumference was the largest circumference of hip in the level 
of greater trochanters of femur. Weight and height were mea-
sured by manual scale in kilograms and meters, respectively. 
BMI was calculated as weight divided by squared height. Head 
length (HL) was obtained by measuring the distance between 
glabella and inion. Head width (HW) was obtained by mea-
suring maximum biparietal diameter. Cephalic index (CI) 
was calculated as HW multiplied by 100 divided by HL. Total 
face height (TFH) was measured while one end of the cali-
per placed on nasion and the other on gnathion. Measuring 
bizygomatic distance showed face width (FW). Total facial 
index (TFI) was calculated as TFH multiplied by 100 divided 
by FW. Upper face height (UFH) was obtained by measuring 
the distance between nasion and prosthion. Upper facial index 
(UFI) was calculated exactly like TFI except for UFH replacing 
TFH. Head form was detected based on CI as shown in Table 
1, and face form was detected based on TFI and UFI as shown 
in (Table 2 and Table 3).

Full standard overnight polysomnography class one 
was used as gold-standard diagnostic test for OSAS. Patients 
underwent overnight polysomnography for STOP-BANG 
score of 3 or more or serious symptoms of OSAS. STOP-
BANG is an acronym for snoring, tiredness, observed apnea, 
high blood pressure, BMI > 35, age > 50, NC > 40, and male 
gender. Apnea–hypopnea index (AHI) was extracted from 
the polysomnography result. Patients were classified to four 
groups based on AHI:
1. Normal (AHI < 5)
2. Mild OSAS (5 ≤ AHI < 15)
3. Moderate OSAS (15 ≤ AHI < 30)
4. Severe OSAS (AHI ≥ 30).

The day after overnight polysomnography, patients 
underwent craniofacial and anthropometric measurements 
after obtaining oral and written informed consent. SPSS ver-
sion 16 was used for statistical analysis of data. Significance 
level was 0.05.

Results
Seventy-three patients with symptoms suggesting OSAS par-
ticipated in this study, including 47 males (64.4%) and 26 
females (35.6%). Based on AHI, there were 10 patients with 
mild or no OSAS (13.7%), 19 with moderate OSAS (26%), 
and 44 with severe OSAS (60.3%). Mean, standard deviation 
and correlation with AHI of all studied variables are shown in 
Table 4, in total population and two gender groups.

Despite significant difference between two gender groups 
in HL (p < 0.0001), CI (p < 0.01), TFH (p < 0.0001), UFH (p 
< 0.003), and FW (p < 0.0001), there was no significant dif-
ference in HW, TFI, and UFI between them. Frequency of 
head form was studied in total and two gender groups. The 
most frequent head form was dolichocephaly in males and 
hyper-brachycephaly in females (Table 5).

Face form was obtained based on TFI in different genders. 
Most patients were hyper-leptoprosopic (Table 6).

Table 1. Head forms based on cephalic index

Head form Cephalic index

Dolichocephalic 74.9≥

Mesocephalic 75-79.9

Brachycephalic 80-84.9

Hyper-brachycephalic 85≤

Table 2. Face forms based on total facial index

Face form Total facial index

Hyper-euryprosopic 79.9≥

Euryprosopic 80-84.9

Mesoprosopic 85-89.9

Leptoprosopic 90-94.9

Hyper-leptoprosopic 95≤

Table 3. Face forms based on upper facial index

Face form Upper facial index

Hyper-eurene 44.9≥

Eurene 45-49.9

Mesene 50-54.9

Leptene 55-59.9

Hyper-leptene 60≤
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Mean AHI in total and two gender groups is shown in 
Table 7. There was a significant difference between to genders 
regarding mean AHI (p = 0.032).

As shown in Table 4, there was a correlation between CI 
and AHI in males (p = 0.0.024). Also, HL and AHI were cor-
related in females (p < 0.008).

Table 4. Correlation between craniofacial and anthropometric variables and AHI, in total population and two gender groups

Male Female Total

Mean ± SD r p value Mean ± SD r p value Mean ± SD r p value

Age 47±12 0.186 0.21 55±12 0.184 0.369 50±12 0.088 0.459

BMI 31.52±5.84 0.441 0.002 32.21±6.56 0.307 0.128 31.77±6.07 0.363 0.002

NC 43.89±3.46 0.368 0.012 37.56±3.56 0.07 0.734 41.74±4.51 0.355 0.002

WC 109.58±11.97 0.424 0.005 108.41±13.66 0.255 0.252 109.18±12.47 0.362 0.003

HC 113.56±11.95 0.398 0.008 116±11.69 0.144 0.523 114.38±11.83 0.28 0.024

HL 19.75±0.94 -0.127 0.394 18.85±1.08 -0.511 0.008 19.43±1.07 -0.137 0.249

HW 15.46±1.43 0.254 0.085 15.56±1.16 -0.313 0.119 15.5±1.33 0.075 0.527

FH 13.06±1.11 -0.063 0.672 11.75±0.92 0.014 0.946 12.6±1.22 0.097 0.415

UFH 6.94±1.03 -0.121 0.416 6.24±0.66 0.104 0.612 6.69±0.97 0.028 0.815

FW 12.43±0.71 0.148 0.322 11.7±0.64 0.118 0.566 12.17±0.77 0.114 0.339

CI 78.38±7.01 0.329 0.024 82.63±5.57 -0.321 0.109 79.89±6.81 0.171 0.148

TFI 105.45±10.71 -0.141 0.344 100.74±9.95 0.195 0.34 103.77±10.62 0.022 0.85

UFI 56.13±10 -0.155 0.3 53.52±6.51 0.237 0.245 55.2±8.96 -0.019 0.876

SD: Standard deviation, BMI: Body mass index, NC: Neck circumference, WC: Waist circumference, HC: Hip circumference, HL: Head length, HW: Head width, FH: 
Face height, UFH: Upper face height, FW: Face width, CI: Cephalic index, TFI: Total facial index, UFI: Upper facial index

Table 5. Frequency of different head forms in total, males, and females

Head form
Male Female Total

Number Percent Number Percent Number Percent

Dolichocephalic 16 34 2 7.7 18 24.7

Mesocephalic 12 25.5 6 23.1 18 24.7

Brachycephalic 13 27.7 8 30.8 21 28.8

Hyper-brachycephalic 6 12.8 10 38.5 16 21.9

Table 6. Frequency of different face forms in total, males, and females

Face form
Male Female Total

Number Percent Number Percent Number Percent

Hyper-euryprosopic 1 2.1 1 3.8 2 2.7

Euryprosopic 1 2.1 1 3.8 2 2.7

Mesoprosopic 2 4.3 1 3.8 3 4.1

Leptoprosopic 2 4.3 4 15.4 6 8.2

Hyper-leptoprosopic 41 87.2 19 73.1 60 82.2

Table 7. Mean AHI in total, males, and females

Gender Mean SD Median Minimum Maximum

Male 52.24 31.30 50.3 0.7 123.5

Female 35.85 29.42 25.05 3.2 109.8

Total 46.4 31.45 40.8 0.7 123.5
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Discussion
In this study, mean HL was 19.75 ± 0.94 and 18.85 ± 1.08 in 
males and females, respectively. Hassanzadeh and colleagues 
conducted a study in 2013 on natives of Qazvin in Iran and 
Dera Ghazi Khan (DG khan) in Pakistan. They reported that 
mean HL was 18.3 ± 0.82 and 18.55 ± 0.7 in males of Qazvin 
and DG khan, respectively. Also, HL was 17.97 ± 0.58 and 
17.74 ± 0.99 in females of Qazvin and DG khan, respectively. 
Madadi and colleagues did a study on medical students of 
Tehran University of Medical Sciences (TUMS) in 2018. They 
reported 18.84 ± 1.12 and 17.48 ± 0.94 as mean HL in males 
and females, respectively. These results show that HL in our 
study is greater than normal Iranian population.17,18 On the 
other hand, Pouya and colleagues showed in 2017 that HL 
in both genders was less than what we showed in our study.19 
Perri and his colleagues reported in 2015 that mean HL in 
white Australians suffering from OSAS was 19.66 ± 6.9 in 
males and 18.82 ± 7 in females. Although these means are 
close to our results, Perri showed that mean HL in people with 
OSAS was lower than normal population in either genders. 
This difference can reflect regional and ethnical characteris-
tics and necessitates more studies to be done. Present study 
showed a correlation between HL and OSAS in females, while 
Perri did not report any correlations between cranial variables 
and OSAS in either genders.20

Mean HW was 15.46 ± 1.43 and 15.56 ± 1.16 in males and 
females, respectively in current study. Although no significant 
difference was found between two genders regarding HW, 
mean HW was greater in females. Mean HW in male patients 
was more than the same variable in Madadi’s and Pouya’s stud-
ies, but it was less than what Hassanzadeh reported for Qazvin 
and DG khan males.17–19 Mean HW was more than what Perri 
reported in 2015 and it is of interest that Perri reported greater 
HW in males than females, which opposes our results.20

Mean CI was calculated as 78.38 ± 7.01 in males which 
is less than CI in Qazvin, DG khan, and TUMS males, but is 
concordant with what Pouya and colleagues reported. Mean 
CI in females was 82.63 ± 5.57 which is less than the same 
index calculated by Madadi and Hassanzadeh and more than 
what Pouya reported.17–19

The dominant head form in this study was dolichocephaly 
in males and hyper-brachycephaly in females. Hassanzadeh 

and colleagues showed in 2013 that hyper-brachycephaly and 
brachycephaly were the first two common cephalic types in 
natives of Qazvin. Madadi and colleagues reported in 2018 
that brachycephaly and hyper-brachycephaly were the most 
common cephalic types in males and females, respectively. 
Heidari and colleagues showed in 2006 that mesocephaly 
and brachycephaly were the most common cephalic types in 
Sistani and Baluchi women, respectively. Pouya and colleagues 
claimed in 2017 that mesocephaly was the dominant cephalic 
type in both genders. Current study shows that males suffer-
ing from OSAS more commonly have dolichocephalic head 
and there is a correlation between AHI and CI, however most 
women were hyper-brachycephalic that corresponds to nor-
mal Qazvin and TUMS females.17–19,21 Although there was no 
significant correlation between AHI and CI in females, HL 
and AHI correlated significantly in this gender group, which 
can support this hypothesis that dolichocephalization is more 
common in OSAS patients. In other words, the more the HL, 
the more the chance of developing OSAS. However, this is not 
congruent with what Cakirer and colleagues showed in 2001. 
They showed that patients with AHI of 15 or more tend to 
have greater CI compared to normal population. This result 
was true for both blacks and whites.22

Results regarding TFH, UFH, FW, TFI, and UFI are shown 
in Tables 8 and 9 in comparison with what Azizi, Dodangeh, 
and Navaei reported.13,23,24

The dominant face form in males and females was 
hyper-leptoprosopic in current study, which is congruent with 
what Azizi and colleagues showed in 2014 regarding natives 
of Qazvin.13 Dodangeh and colleagues showed the same result 
for males of TUMS, however they also showed that mesopro-
sopic face was the dominant face form in females that does 
not support our results.24 Heidari and Madadi showed that 
euryprosopic face was the major face form in females. Madadi 
reported mesoprosopic face as the major face form in males. 
Therefore, these two studies do not support our results regard-
ing the face form.21,25 This difference may be due to the studied 
populations, which was OSAS patients in current study, while 
normal population in two other studies.

This study showed that dolichocephalization and nar-
rower face, which is anthropometrically congruent with doli-
chocephaly, affect OSAS. However, recent studies claimed that 
skull tends to be more brachycephalic in whites, whom OSAS 

Table 8. Face height, face width, and total facial index compared in three studies

Total Facial indexFace widthFace heightAuthor,
Year,
Area FemalesMalesTotalFemalesMalesTotalFemalesMalesTotal

96.69
±7.67

102.88
±10.28

12.4
±0.55

12.49
±0.61

11.98
±0.93

12.83
±1.03

Azizi 2014
Qazvin

87.87
±5.8

90.55
±7.6

12.71
±0.91

13.11
±0.86

11.15
±0.78

11.83
±0.72

Azizi 2014
DG Khan

90.24 
±7.60

101.26 
±6.05

95.75
±8.80

11.56 
±0.78

11.79 
±0.62

11.68
±0.71

10.392 
±0.65

11.918 
±0.583

11.155
±0.982

Dodangheh 2018
Iran

12
±0.2

11.2
±0.1

11
±0.11

10
±0.1

11.1
±0.1

11
±0.12

Navaei 2018
Iran

100.74
±9.95

105.45
±10.71

103.77
±10.62

11.7
±0.64

12.43
±0.71

12.17
±0.77

11.75
±0.92

13.06
±1.11

12.6
±1.22Present study
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is more common in. Cakirer and colleagues reported in 2001 
that OSAS and FI were correlated in whites. They showed that 
FI was lower in OSAS group compared to control group (84.5 
± 6.1 vs 87.4 ± 8).22 Vidovic and colleagues claimed in 2013 
that OSAS patients tend to have greater CI and lesser FI com-
pared to normal population. In their study which was done on 
Croatians, OSAS was correlated with brachycephaly and eury-
prosopic face that opposes our results.26 There was no control 
group in the current study and the studied population was not 

ethnically and sexually homogenous. Therefore, due to the 
controversies, further studies on bigger and more uniform 
samples with matched controls should be done. 

Conclusion
To sum up, this study showed that dolichocephaly, longer 
head, and hyper-leptoprosopic face, which are anthropomet-
rically congruent, affect OSAS incidence.
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