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Abstract Background/purpose: The prematurely born and obstructive sleep apnea (OSA)
could affect craniofacial and airway growth. The purpose of this study is to compare the dif-
ferences in craniofacial and airway morphology between preterm and full-term children both
with OSA problem.
Materials and methods: The differences in craniofacial and airway morphology between pre-
term children and full-term children both with OSA problem during the prepubertal (age 6e10)
and pubertal (age 11e14) period were measured using lateral cephalometric radiograph.
Results: In the prepubertal period, effective maxillary length, and length from Go to Gn were
smaller in the preterm group (n Z 6) compared to the full-term (n Z 8). The length of the soft
palate was smaller and the distance soft palate-posterior side of nasopharynx was longer in
preterm children. During puberty, (1) position of maxilla relative to cranial base: there was
an anteroposterior maxilla and a mandibular discrepancy, a convexity of facial profile, (2)
the distance from point A to nasion perpendicular, the distance from Pog to nasion
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Table 1 Demographics of the su

Sex, n
Boys
Girls

Age (y)
Gestational age (week)
Birth body weight (gm)
Body weight (kg)
Body height (cm)
AHI
RDI

All data are listed as means and sta
a Chi-square test.
b ManneWhitney test; *P < 0.05.
perpendicular, and the ratio of effective maxillary length/effective mandibular length were
smaller in the preterm group (n Z 5) compare to the full-term (n Z 6).
Conclusion: During prepuberty, the preterm children had a significantly shorter effective
maxillary and mandibular length but the catch up growth resulted during the pubertal period
in reduction in facial profile convexity and more important mandibular vertical growth toward
a dolichocephalic profile. Due to preterm birth, OSA children have a different craniofacial
morphology compared to the full-term. When using an oral device for passive myofunctional
therapy, the treatment outcome maybe different.
ª 2017 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Pediatric sleep-disordered-breathing (SDB) is a common
health problem in children and adolescents,1e3 which in-
cludes upper airway resistance syndrome (UARS) and
obstructive sleep apnea syndrome (OSA). OSA is the most
prevalent clinical syndrome when considering SDB.4 OSA
may have a very negative impact on children’s systemic
health and development.3,5,6 The pathophysiology of pe-
diatric OSA is unclear, but craniofacial anomalies and
abnormal anatomic development have been reported:
Nasal obstruction with retrognathism and deformities of
craniofacial structures, micrognathia, short and narrow
cranial base, midfacial hypoplasia, macroglossia and hy-
potonia are all highly associated with pediatric OSA.7e10

Preterm children have both a 70% incidence of OSA and a
high rate of craniofacial anomalies such as shorter anterior
cranial base, less convex skeletal profile, shorter maxillary
length, oral defects such as high and narrow hard palate
and dental arch, and significant growth failure compared to
full-term children.11e18 Most premature infants will have
“catch-up growth” during adolescence, however.13,16,19,20

Even though the incidence of OSA in preterm children is
high, no associated study has investigated whether the
craniofacial anomalies seen in premature children may
relate to the incidence of OSA and the craniofacial change
noted during the pubertal period.
bjects.

Full-term
(N Z 14)

Pre
(N

12 (85.7%) 9 (
2 (14.3%) 2 (
9.7 � 2.2 9.9
39.2 � 1.3 33.
3432.9 � 657.8 229
39.6 � 20.4 37.
134.5 � 17.7 135
4.9 � 5.5 4.3
7.6 � 6.4 7.0

ndard deviations.
The purpose of this study was to compare the differ-
ences in craniofacial and airway morphology between
preterm children and full-term children both with OSA
problems during the pre-pubertal and pubertal periods.

Materials and methods

The study protocol was approved by the Institutional Re-
view Board (IRB 104-9308A3) of the Human Investigation
Committee of Chang Gung Memorial Hospital and Chang
Gung University. This study included 25 children with pe-
diatric OSA (mean age, 9.8 � 2.5 years; age range, 6e14
years; Table 1) diagnosed with OSA based on the results of
polysomnography (PSG) in the Sleep Center at the Medical
Center in northern Taiwan. The selection criteria obtained
from the PSG results were as follows: (1) oxygen level in
children: <94% during sleep; (2) Respiratory Disturbance
Index [including apnea-hypopnea and respiratory-event-
related-arousals] (RDI): �5 events/hr; and (3) Apnea-
Hypopnea Index (AHI): �1 events/hr. Children were
divided into two groups with two different ages (pre-pu-
bertal {age 6e10} and pubertal {age 11e14}), and, based on
their gestational ages, in “preterm “ (less than 37 weeks)
and “full-term”. Children with epilepsy, head injury, severe
developmental delay and mental retardation, schizo-
phrenia, severe depression, and with in-ability to coop-
erate with the PSG-testing were excluded.
term
Z 11)

Total
(N Z 25)

P-value

81.8%) 21 (84%)
18.2%) 4 (16%) 0.070a

� 3.0 9.8 � 2.5 0.825b

7 � 3.3 36.8 � 3.7 <0.001b,*
2.5 � 934.8 2931.1 � 965.5 0.003b,*
0 � 22.1 38.4 � 20.7 0.529b

.0 � 19.8 134.7 � 18.2 0.978b

� 5.0 4.7 � 5.2 0.622b

� 8.7 7.4 � 7.2 0.636b

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 2 Definitions of landmarks and reference lines used
in cephalometric analysis.

Skeletal, degrees
NSBa Cranial base angle
Co-Go-Gn Mandibular angle
SNA Position of maxilla relative to cranial

base
SNB Position of mandible relative to cranial

base
ANB Anteroposterior maxilla and mandible

discrepancy
SN-FH Frankfort horizontal plane angle
SN-MP Mandibular plane angle
SN-PP Angle of SN plane and palatal plane
PP-MP Angle of mandibular plane and palatal

plane
N-A-Pg Facial profile convexity
Ar-Go-Gn Gonial angle
Skeletal, mm
N-Ba Length of cranial base
S-N Anterior cranial base length
Nasal line Distance ANS-Ba
Co-Gn Length of mandible
S-Go Posterior face height
N-Me Anterior face height
S-Go/N-Me The ratio of PFH/AFH
ANS-PNS Length of nasal floor
Go-Gn Length from Go to Gn
A-Nv The distance from point A to nasion

perpendicular
Pg-Nv The distance from Pog to nasion

perpendicular
AH-BH The vector from AH to BH
Ar-A Effective maxillary length
Ar-Gn Effective mandibular length
Ar-A/Ar-Gn The ratio of effective maxillary length/

effective mandibular length
Airway, degrees
PMi-PNS-ANS Inferior angle of hard palate/soft palate
Airway, mm
Hy-C3 Distance hyoid bone-C3
LSP Length of soft palate
PNS-NPhp Distance between PNS and posterior side

nasopharynx
PMm-NPh Distance soft palate-posterior side of

nasopharynx
OPha-OPhp Distance anterior side-posterior side of

oropharynx
MinRGA Minimal width of airway behind tongue

perpendicular to posterior pharyngeal
wall

HPha-HPhp Distance anterior side-posterior side of
hypopharynx

PMi-NL Nasopharynx height
PNS-AD1 Distance from PNS to the nearest

adenoid tissue measured along the line
PNS-BA

PNS-AD2 Distance from PNS to the nearest
adenoid tissue measured along the line
perpendicular to S-BA

Figure 1 Craniofacial measurements. 1:NBa: Length of cra-
nial base; 2: BaSN: Cranial base angle; 3: CoGn: Length of
mandible; 4: CoGoGn: Mandibular angle; 5: Nasal line: Distance
ANS-Ba; 6: N-A-Pg: Facial profile convexity.
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Before conducting the study, the informed consent form
had been signed by every participant and their parents.
One lateral cephalometric radiograph was taken for each
child. The participants had their heads kept in the natural
position with Frankfort horizontal plane paralleled to the
floor, teeth in centric occlusion and the lips closed in a
relaxed position. Cephalograms were obtained on the same
machine by the same operator. All cephalometric radio-
graphs were hand-traced by a single investigator and
another experienced dentist verified the cephalometric
radiographs. The definitions of landmarks and reference
lines used to perform the cephalometric analysis are pro-
vided in Table 2 and Figs. 1e3.21 We assessed the error of
the method by tracing and measuring 10 randomly selected
radiographs one more time under the same conditions and
performed calculations by using the intra class correlation
coefficient. The average measure of intra class correlation
coefficient was 0.78.

Statistical analyses were performed using the statistical
software package SPSS- Released 2009. (PASW Statistics for
Windows, Version 18.0. Chicago: SPSS Inc.). Descriptive
statistics were presented as means and standard de-
viations. The chi-square test was used to test whether
there were sex differences between full-term and preterm
groups, while the ManneWhitney test was used to test
whether there were significance differences in cephalo-
metric measurements among full-term and preterm groups.
The level of significance was set at P < 0.05.



Figure 3 Craniofacial measurements. 14: OPha-OPhp: Dis-
tance anterior side-posterior side of oropharynx; 15: HPha-
HPhp: Distance anterior side-posterior side of hypopharynx;
16: PMi-NL: Nasopharynx height; 17: PNS-AD1: Distance from
PNS to the nearest adenoid tissue measured along the line PNS-
BA; 18: PNS-AD2: Distance from PNS to the nearest adenoid
tissue measured along the line perpendicular to S-BA.

Figure 2 Craniofacial measurements. 7: SGo: Posterior face
height; 8: Hy-C3: Distance hyoid bone-C3; 9: LSP: Length of
soft palate; 10: PMi-PNS-ANS: Inferior angle of hard palate/soft
palate; 11: PNS-NPhp: Distance between PNS and posterior side
nasopharynx; 12: PMm-NPh: Distance soft palate-posterior side
of nasopharynx; 13: Ar-Go-Gn: Gonial angle.

256 Y.-C. Lian et al
Results

Twenty-five children were involved in this study and the
demographic data of full-term and preterm children are
shown in Table 1. There were no significant differences in
age, body weight and body height distributions between
the groups. Also no significant difference was shown in PSG
data (AHI and RDI). The preterm group had significantly
smaller gestational age and birth body weight.

Prepubertal subgroup (age 6e10): 8 children were full-
terms and 6 children were premature-born (mean age,
9.7 � 1.5 years; age range, 6e10 years; Table 3). There
were no significant differences in age, PSG data (AHI and
RDI), birth body weight and body height distributions be-
tween groups. The preterm group had significantly smaller
gestational age and body weight. Pubertal group: (age
11e14), 6 children were full terms and 5 children
premature-born (mean age, 12.2 � 1.1 years; age range,
11e14 years; Table 4). There were again no significant
differences in age, PSG data (AHI and RDI), body weight, or
body height distributions between the groups. The preterm
group had significantly smaller gestational age and birth
body weight.

The results of cephalometric analysis between preterm
and full-term groups are shown in Table 5 and Figs. 4 and 5.
In the pre-pubertal group the effective maxillary length
(Ar-A), and length from Go to Gn (Go-Gn) were smaller in
preterm than in full-term children (P < 0.05). Also the
length of the soft palate (LSP) was smaller and the distance
soft palate-posterior side of nasopharynx (PMm-NPh) was
longer in preterm children (P < 0.05). In the pubertal
children, the position of the maxilla relative to cranial base
(SNA), the anteroposterior maxilla and mandible discrep-
ancy (ANB), the facial profile convexity (N-A-Pg), the dis-
tance from point A to nasion perpendicular (A-Nv), the
distance from Pog to nasion perpendicular (Pg-Nv), and the
ratio of effective maxillary length/effective mandibular
length (Ar-A/Ar-Gn)were smaller in preterms compared to
full-term children (P < 0.05). There were no significant
differences in airway morphology during the pubertal
period.
Discussion

Our results showed significantly more changes in preterm
children during the pre-pubertal period, but a catch-up-
growth of maxillary length, mandibular length and soft
tissue occurs during puberty. But during the pubertal
period, the preterm children have still less facial profile
convexity and more mandibular vertical growth like doli-
chocephalic profile compared to the full-term children. Our



Table 3 Demographics of the subjects during the pre-pubertal period (6e10 y/o; N Z 14).

Full-term
(N Z 8)

Preterm
(N Z 6)

Total
(N Z 14)

P-value

Sex, n
Boys 7 (87.5%) 5 (83.3%) 12 (85.7%)
Girls 1 (12.5%) 1 (16.7%) 2 (14.3%) 0.049a*

Age (y) 9.7 � 2.2 9.9 � 3.0 7.9 � 1.5 0.324b

Gestational age (week) 39.0 � 1.4 33.5 � 3.1 36.6 � 3.6 0.002b*
Birth body weight (gm) 3216.3 � 537.6 2137.6 � 724.6 2882.4 � 827.2 0.121b

Body weight (kg) 31.1 � 11.8 21.6 � 6.1 27.1 � 10.6 0.038b*
Body height (cm) 128.5 � 11.7 117.9 � 7.9 125.2 � 11.7 0.196b

AHI 2.9 � 2.9 1.4 � 1.4 2.3 � 2.4 0.272b

RDI 5.1 � 3.9 3.8 � 1.6 4.5 � 3.1 0.948b

All data are listed as means and standard deviations.
a Chi-square test.
b Mann-Whitney test; *P < 0.05.

Table 4 Demographics of the subjects during the pubertal period (11e14 y/o; N Z 11).

Full-term
(N Z 6)

Preterm
(N Z 5)

Total
(N Z 11)

P-value

Sex, n
Boys 5 (83.3%) 4 (80.0%) 12 (81.8%)
Girls 1 (16.7%) 1 (20.0%) 2 (18.2%) 0.020a,*

Age (y) 11.7 � 1.2 12.8 � 0.4 12.2 � 1.1 0.068b

Gestational age (week) 39.0 � 1.4 33.5 � 3.1 37.0 � 3.9 0.005b,*
Birth body weight (gm) 3721.3 � 738.3 2118.8 � 957.8 2993.1 � 1157.7 0.011b,*
Body weight (kg) 50.8 � 25.0 55.5 � 19.7 52.9 � 21.8 0.715b

Body height (cm) 142.4 � 22.0 152.2 � 12.4 146.9 � 18.2 0.465b

AHI 7.6 � 7.2 7.8 � 5.7 7.7 � 6.2 0.715b

RDI 11.1 � 7.8 13.5 � 14.2 11.9 � 9.5 1.000b

All data are listed as means and standard deviations.
a Chi-square test.
b ManneWhitney test; *P < 0.05.
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full-term children with have more of a class II pattern of
growth with a retrusive mandible, where the distance (Ar-
Gn) has not grown as much compared to preterms.

Additionally, insufficient sagittal development and more
vertical mandibular growth was also noted in the preterm
children. Similar results were shown in studies comparing
craniofacial structures growth between preterm and full-
term children regardless of OSA problem.12e14,16,18e20 The
differences may be related to a lower growth rate in pre-
term children. Preterm children showed significant growth
failure in their early childhood as is well-documented in
many studies: smaller head circumference, shorter height,
lower body weight have been reported in preterm
compared with full-term children.11,13 High incidences of
oral defects including high-arched and narrowing palate,
prenormal occlusion, and palatal asymmetry have also been
reported in preterm children.13 The smaller cephalometric
data of our preterm children compared to those in full-term
children found in this study may thus be explained. These
traits also are found in children with OSA.22 Preterm OSA
children have a significantly shorter cranial base and
maxillary length. The cranial base may significantly
influence a large amount of the craniofacial di-
mensions23,24; the decreased cranial base dimensions are
associated with a decrease in pharyngeal airway size.25

Therefore, it is possible that the smaller cranial base di-
mensions may have important implications in the patho-
genesis of OSAS,24 noted particularly in the preterm
children.

In the OSA full-term group, normal SNA with small SNB
and large ANB suggests that the mandible is more retrusive
than the maxilla in relation to anterior cranial base; higher
mandibular angle (SN-MP), longer anterior face height (N-
Me) and smaller ratio of anterior and posterior face height
(S-Go/N-Me) are associated with vertical growth skeletal
type, which represents a more clock-wise rotation of the
mandible as seen in adults with OSA.26,27 Reduced inter-
maxillary relationship and longer soft palate have been
reported in many previous studies related to children with
OSA problems.22,26,28,29

Craniofacial morphology can be one of the predictors of
the treatment outcome of oral appliance with mandible
advancement in adult OSA patients.27 Narrow minimal ret-
roglossal airways, mandibular retrusion and short anterior



Table 5 Cephalometric analysis.

Measurement Pre-pubertal
(6e10 y/o; n Z 14)

Pubertal
(11e14 y/o; n Z 11)

Full-term (n Z 8) Preterm (n Z 6) P-value Full-term (n Z 6) Preterm (n Z 5) P-value

Skeletal, degrees
SNBa 131.8 � 5.0 130.6 � 4.7 0.400 133.3 � 5.3 138.8 � 5.4 0.234
Co-Go-Gn 116.4 � 4.6 118.5 � 5.0 0.437 116.0 � 8.1 115.4 � 3.8 0.854
SNA 80.1 � 3.8 81.3 � 3.4 0.602 83.8 � 3.8 76.4 � 4.9 0.017*
SNB 76.1 � 1.9 77.8 � 2.3 0.207 77.7 � 3.5 74.6 � 2.8 0.140
ANB 4.1 � 3.3 3.5 � 2.9 0.517 6.1 � 2.0 1.8 � 2.5 0.008*
SN-FH 7.4 � 2.7 6.7 � 3.0 0.558 10.6 � 2.9 9.3 � 3.1 0.581
SN-MP 40.0 � 3.0 38.3 � 4.2 0.271 35.9 � 2.4 41.4 � 5.3 0.100
SN-PP 9.3 � 2.2 7.2 � 2.3 0.136 9.2 � 3.2 11.3 � 2.5 0.454
PP-MP 30.9 � 3.4 31.3 � 4.0 1.000 26.7 � 3.0 29.5 � 7.9 0.410
N-A-Pg 8.3 � 7.3 6.8 � 5.5 0.518 12.2 � 3.9 2.4 � 6.2 0.010*
Ar-Go-Gn 125.3 � 3.3 123.5 � 5.0 0.363 123.0 � 5.7 122.5 � 3.5 0.784

Skeletal, mm
N-Ba 105.7 � 7.1 98.8 � 4.2 0.080 109.3 � 5.1 111.7 � 9.6 0.581
S-N 67.7 � 4.6 64.3 � 3.1 0.137 70.6 � 3.3 70.8 � 4.9 1.000
Nasal line 93.9 � 4.4 89.3 � 5.5 0.196 103.3 � 5.0 114.5 � 41.7 0.855
Co-Gn 107.4 � 8.8 102.3 � 4.7 0.243 115.9 � 8.1 119.3 � 8.9 0.584
ANS-PNS 48.4 � 4.5 47.0 � 3.5 0.363 54.9 � 3.9 51.4 � 7.8 0.566
S-Go 71.6 � 3.8 71.9 � 3.6 0.746 83.5 � 9.0 79.0 � 10.1 0.582
N-Me 118.3 � 6.2 113.8 � 7.4 0.331 128.2 � 12.9 131.3 � 8.8 0.714
S-Go/N-Me 0.60 � 0.02 0.63 � 0.03 0.116 0.65 � 0.02 0.59 � 0.04 0.078
Go-Gn 71.6 � 3.9 66.3 � 4.2 0.027* 76.6 � 6.4 81.0 � 6.3 0.233
A-Nv �2.6 � 4.2 �1.4 � 5.4 0.846 4.9 � 5.0 �4.3 � 3.9 0.018*
Pg-Nv �13.1 � 4.8 �9.7 � 8.0 0.432 1.9 � 7.2 �10.1 � 4.8 0.011*
AH-BH 8.9 � 3.5 6.3 � 3.0 0.269 7.0 � 2.4 6.0 � 2.8 0.462
Ar-A 82.2 � 4.3 76.7 � 3.2 0.020* 89.8 � 5.1 86.1 � 10.4 1.000
Ar-Gn 101.8 � 6.4 98.7 � 7.4 0.401 110.8 � 7.3 113.1 � 10.2 0.715
Ar-A/Ar-Gn 0.81 � 0.36 0.78 � 0.04 0.219 0.80 � 0.02 0.76 � 0.04 0.044*

Airway, degrees
PMi-PNS-ANS 120.1 � 33.3 129.1 � 8.4 0.796 120.1 � 33.3 129.1 � 8.4 1.000

Airway, mm
Hy-C3 33.5 � 4.0 30.1 � 2.5 0.080 36.6 � 3.3 39.4 � 4.7 0.268
LSP 30.6 � 3.1 21.5 � 9.9 0.010* 35.9 � 4.4 34.0 � 5.1 0.522
PNS-NPhp 19.6 � 5.2 15.0 � 4.7 0.217 19.5 � 7.5 16.7 � 5.1 0.410
PMm-NPh 8.1 � 5.0 13.3 � 2.4 0.038* 12.7 � 5.4 12.3 � 3.0 0.855
OPha-Ophp 10.1 � 3.5 12.1 � 2.5 0.217 11.8 � 3.1 11.1 � 2.2 0.582
minRGA 10.0 � 2.9 13.3 � 2.7 0.080 12.8 � 2.5 11.6 � 3.0 0.518
HPha-HPhp 11.1 � 4.1 12.7 � 3.0 0.331 12.6 � 4.3 17.3 � 3.4 0.082
PMi-NL 26.8 � 6.8 26.3 � 6.4 0.897 31.6 � 2.9 36.3 � 8.3 0.271
PNS-AD1 18.5 � 3.7 18.3 � 5.9 0.948 17.2 � 5.8 16.9 � 5.7 0.927
PNS-AD2 13.3 � 2.5 13.4 � 4.13.7 0.795 15.3 � 5.1 14.2 � 4.3 0.784

ManneWhitney test; *P < 0.05.
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face heights have better treatment outcome with oral ap-
pliances.27 Due to premature birth, preterm OSA children
(dolichocephalic profile) have a totally different craniofa-
cial morphology compared to full-term individuals (class II
profile with retrognathic mandible), and the treatment
outcome of oral appliance could be different for full-term
individuals. Further studies will be needed to compare
the treatment outcome of oral appliance between these
two groups of children.

There are some limitations to our study. First, we had
few girls. Second, the sample size was small and could not
be matched year-by-year for age. However, this study is the
first to report different craniofacial findings for preterm
and full-term children with OSA during the pre-pubertal and
pubertal periods.

In conclusion, during pre-puberty, the preterm children
had a significantly shorter effective maxillary (Ar-A) and
mandibular length (Go-Gn), but the catch-up growth
resulted during the pubertal period in reduction in facial
profile convexity (ANB, N-A-Pg) and more importantly,
mandibular vertical growth toward a dolichocephalic pro-
file. Also the full-term children tended to be more



Figure 4 The superimposition of cephalometric analysis be-
tween preterm and full term groups (6e10 y/o).

Figure 5 The superimposition of cephalometric analysis be-
tween preterm and full term groups (11e14 y/o).
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mandibular retrognathic during puberty relative to those
who had preterm births. Due to preterm birth, OSA children
have a different craniofacial morphology compared to the
full-term children with OSA. When using an oral device for a
passive myofunctional therapy, the treatment outcome
maybe different.
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