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ORTHODONTICS

Posteroanterior cephalometric analysis of White-American and Chinese
adolescents: a cross-sectional study
ShiYao Liu DDS, LinHui Shen DDS, RuoPing Jiang DDS, PhD, JiuXiang Lin DDS, PhD and TianMin Xu DDS, PhD

Department of Orthodontics, Peking University School and Hospital of Stomatology, Beijing, China; National Engineering Laboratory for
Digital and Material Technology of Stomatology, Beijing, China; Beijing Key Laboratory of Digital Stomatology, Beijing, China

ABSTRACT
Objective: To characterize ethnic differences between Chinese and White-Americans between 8.5
and 17.5 years of age, with respect to transverse cephalometric characteristics and to establish
transverse craniofacial normative values for Chinese adolescents.
Methods: Two-hundred fifty-seven and 547 posteroanterior cephalograms were selected from 35
White-Americans and 157 Chinese with individual normal occlusions. Transverse measurements
were obtained and compared between ethnicities to guide determination of normative values for
Chinese adolescents. Student’s t-test or one-way analysis of variance was used, as appropriate.
Results: Chinese girls demonstrated significantly larger measurements than White-American girls
at all ages, with the exception of nasal width. Chinese boys exhibited larger measurements than
White-American boys at different ages. Chinese boys had larger measurements than girls for most
measurements. These data established normative values for Chinese adolescents.
Discussion: Ethnic differences existed between Chinese and White-American adolescents with
respect to transverse craniofacial measurements. Transverse normative values were established
for Chinese adolescents.
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Introduction

In orthodontic practice, orthodontists use lateral
cephalograms to obtain clinical information, and
numerous lateral cephalometric radiography studies
have determined the sagittal and vertical dimensions
of craniofacial structures [1–4]. In contrast, studies of
the transverse dimensions of craniofacial structures are
limited [5,6]. Transverse dimensions of craniofacial
structures, which include important information
needed for orthodontists to establish treatment plans,
should also be well-explored.

Establishment of transverse craniofacial normative
values can provide a foundation for the diagnosis and
treatment of orthodontic diseases. Al-Azemi et al. [7]
evaluated digital posteroanterior cephalograms (PACs)
of 159 13–14-year-old Kuwaiti subjects with untreated
ideal occlusions and established norms for these adoles-
cents. PAC norms for American Children [8], Pakistani
adults [9], and Turkish adults [10] have also been estab-
lished. However, normative values established from other
ethnicities may not be suitable for Chinese people,
because people of different ethnicities exhibit distinct

genotypes and biological characteristics [2,11]. Gender
influence should also be considered when establishing
normative values, because gender differences have been
noticed in the transverse development of the craniofacial
skeleton. For instance, Lux et al. [12] used PACs from
a longitudinal study and found that most craniofacial
widths were wider in males than in females.

The purpose of this study was to compare Chinese
and White-American adolescents with individual nor-
mal occlusions to characterize ethnic differences with
respect to transverse cephalometric characteristics.
Additionally, the present study aimed to establish sex-
related transverse craniofacial normative values for
Chinese adolescents.

Materials and methods

Selection of subjects and PACs

The PACs used in this study were selected from two
cohorts. The White-American cohort, described pre-
viously in a series of growth studies, was recruited from
the original group at University of California School of
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Dentistry (San Francisco, CA, USA), from 1967 to
1978, where all White-American children were of
Northern European descent [13–16]. The Chinese
cohort was recruited from the Peking University
School and Hospital of Stomatology, Beijing, from
1990 to 1997, where all these children were from the
northern part of China. Among these subjects, cases
were further selected based on the following inclusion
criteria: (1) adolescents <18 years old who had a normal
occlusion; (2) those who underwent PAC radiography
at least once in their childhood during the study per-
iod; (3) those who did not undergo orthodontic treat-
ment or other treatments that influence the normal
growth and development of cephalometric measure-
ments before or during the observation period; and
(4) those who had no history of syndromes of other
systems.

Because the youngest subjects were 8.5 years old in
both groups and PACs were taken annually, measure-
ments were analyzed at 1-year intervals (i.e., 8.5, 9.5,
10.5 … 17.5 years of age). Note that each subject meet-
ing the inclusion criteria might have undergone one or
multiple PACs (i.e., at different ages), depending on
how long he or she stayed in the original group during
the study period (8.5–17.5 years of age). Hence, in this
paper, the collected PACs were further divided into
several groups according to age, each of which was
composed of PACs taken at the same age so as to
facilitate the experiment based on the cross-sectional
model. Exemption from ethical approval for this study
was granted by the institutional review board of the
medical school of Peking University (PKUSSIRB-
201735070) because it used pre-existing data.

The selected PACs were scanned and stored as
electronic data. The sources of magnification error
in this study included the processes of taking

cephalometric radiographs and digitization of the
images. Magnification resulting from the process of
taking cephalometric radiographs was calculated
according to the following formula:

r ¼ ð D= D� dð Þ � 1ð Þ � 100Þ;

where D is the distance between the X-ray tube and the
film, d is the distance between the film and median
plane of the object, and r is the magnification.

Cephalometric measurements

Cephalometric measurements on PACs of all sub-
jects were assessed retrospectively. The landmarks
used in this study were identical to those used in
Ricketts’s report [17]. To ensure the accuracy of
point identification, a pilot experiment was per-
formed. At the beginning, one PAC was taken
from a complete dry skull without marking (Figure
1A); another PAC was then taken at the same head
position after the dry skull was marked with skeletal
bone landmarks (Figure 1B). By comparing these
two cephalograms before and after marking, the
authors (SYL and SLH) could identify the charac-
teristics of craniofacial skeletal bones; this was help-
ful in identification of landmarks (Figure 1). The
electronic PACs were imported into Matlab soft-
ware (MathWorks, Natick, MA, USA) to digitize
the landmarks. A horizontal plane (formed by con-
necting the bilateral points that intersected the les-
ser wing of the sphenoid with the medial rims of
the orbits) was established to assess transverse mea-
surements (Figure 2A), as described by Snodell et al.
[11]. Measurements were determined as follows
(Figure 2B):

Figure 1. PACs of the pilot experiment. a: unmarked PAC; b: marked PAC. Comparison of the two cephalograms before and after
marking to identify characteristics of the craniofacial skeletal bones, which helped to identify landmarks.

CRANIO®: THE JOURNAL OF CRANIOMANDIBULAR & SLEEP PRACTICE 403



(1) Cranial width: the width of the cranium between
the most lateral points on the cranium, parallel
to the horizontal plane.

(2) Facial width: the width of the zygomatic arch
between the most lateral points, parallel to the
horizontal plane.

(3) Nasal width: the width of the nasal cavity
between the most lateral points on the nasal
aperture, parallel to the horizontal plane.

(4) Maxillary width: the width of the maxilla from
bilateral points on the jugal process at the intersec-
tion of the outline of the maxillary tuberosity and
zygomatic buttress, parallel to the horizontal plane.

(5) Mandibular width: the width of the mandible
from points at the antegonial notch, parallel to
the horizontal plane.

(6) Ratio of maxillary width to mandibular width:
maxillary width divided by mandibular width.

Reliability assessment

To assess the reliability of the cephalometric measure-
ments, intra-examiner and inter-examiner reliabilities
were evaluated. Thus, both the same examiner and the
another examiner repeated measurements on 150 ran-
domly selected PACs (100 cephalograms from the
Chinese cohort and 50 cephalograms from the American
cohort) 2 weeks after the first examination. The numbers

of cephalograms chosen for this analysis were based on the
study by Springate [18], which showed that, while higher
numbers of cases provided a more reliable estimation of
error, repeating examinations on more than 50 cases does
not provide any meaningful advantage.

Statistical analysis

The data exhibited a normal distribution. Data are pre-
sented as mean ± standard deviation (SD). Comparisons
between the same age groups were analyzed by using
Student’s t-test, while comparisons between different age
groups were analyzed by one-way analysis of variance
(ANOVA). Intra/inter-examiner reliability was assessed
by using the intra-class correlation coefficient. The
p < 0.05 was considered a significant difference. All ana-
lyses were performed by using SPSS software (version 19.0,
SPSS, Inc., Chicago, IL, USA).

Results

Basic information of the selected PACs

A total of 257 and 547 PACs were, respectively, selected
from 35 White-American (13 boys and 22 girls) and 157
Chinese subjects (58 boys and 99 girls). The numbers of
selected PACs for both genders of the two ethnicities are
summarized in Table 1.

Figure 2. Reference plane, landmarks, and transverse measurements. a: Horizontal plane; b: Landmarks and transverse measure-
ments. 1. Cranial width: the distance between the most left lateral points on the cranium; 2. Facial width: the distance between the
most lateral aspect points on the zygomatic arch; 3. Nasal width: the distance between the most lateral points on the nasal
aperture; 4. Maxillary width: the distance between the left and right jugal point at the intersection of the outline of the maxillary
tuberosity and zygomatic buttress; 5. Mandibular width: the distance between points at the antegonial notch.
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Magnification correction

For the Chinese sample, D = 150.0 mm, d = 15.0 mm,
and r = 11.1%. For the White-American sample,
D = 63.6 inches, d = 3.6 inches, and r = 6%. To correct
the magnification from the digitization of the images,
the scales of the original medical image and the corre-
sponding electronic version were unified. For the sam-
ple of Chinese subjects, the maximum distance of
punch points on the right side of the medical film
was 15.20–15.30 cm, while the corresponding distance
of the electronic version was 15.83 cm. For the sample
of White-American subjects, the maximum distance of
the punch points on the right side of the medical film
was 15.87 cm, while the corresponding distance of the
electronic version was 15.92 cm. Therefore, both mag-
nifications were corrected.

Reliability of measurements

The results of reliability assessment are shown in Table 2.
All intraclass correlation coefficients (ICCs) were greater
than 0.85, which indicated that the measurements were
reliable.

Ethnic differences

As shown in Figure 3, Chinese girls demonstrated sig-
nificantly larger measurements than White-American
girls at all ages (p < 0.05), with the exception of nasal
width, which solely showed significant differences at the

ages of 11.5 (p < 0.05), 12.5 (p < 0.01), and 13.5 years
(p < 0.05). Notably, Chinese boys showed wider cranial
width (Figure 4A) and maxillary width (Figure 4D) than
White-American boys at all ages (p < 0.05); similarly,
Chinese boys showed wider facial width (Figure 4B) and
mandibular width (Figure 4E) than White-Americans
beginning at the age of 9.5 years (p < 0.05); they showed
wider nasal width beginning at the age of 11.5 years
(Figure 4C, p < 0.05). Chinese boys demonstrated a larger
ratio of maxillary width tomandibular width thanWhite-
American boys; however, these differences were signifi-
cant (p < 0.05) only at the ages of 9.5, 16.5, and 17.5 years.

Gender differences in Chinese adolescents

As shown in Figure 5, Chinese boys exhibited largermean
values than Chinese girls at all ages for all measurements;
however, significant inter-group differences occurred at
different ages. For cranial width (Figure 5A), nasal width
(Figure 5C), maxillary width (Figure 5D), and mandibu-
lar width (Figure 5E), significant inter-group differences
were observed beginning at the ages of 12.5, 15.5, 10.5,
and 12.5 years, respectively. For facial width (Figure 5B),
Chinese boys demonstrated significantly larger values
than Chinese girls beginning at the age of 12.5 years,
with the exception of the age of 13.5 years. Chinese boys
and girls demonstrated comparable ratios of maxillary
width to mandibular width at all ages.

Normative values for Chinese adolescents

The authors compared the transverse craniofacial mea-
surements between the group with PACs taken at
8.5 years old and groups with PACs taken at other
ages. Specifically, regarding the nasal width, maxillary
width, and mandibular width of boys, as well as the
facial width of girls, the PACs taken at 11.5 years old
exhibited significant differences, as compared to those
taken at 8.5 years old; regarding cranial width of boys,
maxillary width and mandibular width of girls, the
significant differences occurred at 12.5 years old; and
for facial width of boys and nasal width of girls, the
significant differences occurred at 10.5 years old
(Appendix). Therefore, for most examined measure-
ments, it could be observed that the normative values
were relatively stable for children who are no more
than 11.5 years old (note that this is near the age that
is used to distinguish the stages of mixed dentition and
permanent dentition in clinical practice). The detailed
transverse craniofacial normative values for Chinese
adolescents are shown in Table 3.

Table 1. Numbers of selected posteroanterior cephalograms
(PACs) in both genders for each ethnicity.

Age (years)

White-American Chinese

Boys Girls Total Boys Girls Total

8.5 12 22 34 6 5 11
9.5 12 21 33 6 15 21
10.5 13 20 33 16 31 47
11.5 14 17 31 13 31 44
12.5 9 16 25 19 34 53
13.5 11 15 26 29 54 83
14.5 10 14 24 26 45 71
15.5 8 15 23 25 44 69
16.5 9 10 19 30 49 79
17.5 5 4 9 25 44 69
Total 103 154 257 195 352 547

Table 2. Measurements of inter-observer and intra-observer
agreement.

Measurements
Inter-observer
agreement

Intra-observer
agreement

Cranial width 0.897 0.862
Facial width 0.915 0.900
Nasal width 0.944 0.928
Maxillary width 0.927 0.878
Mandibular width 0.942 0.923
Ratio of maxillary width to mandibular
width

0.933 0.912
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Discussion

With the increasingly extensive use of three-dimensional
(3D) radiographs, cone-beam computed tomography
(CBCT) applications are becoming increasingly common
in clinical practice; however, the inability to take annual
or semiannual 3D radiographs for ethical reasons
imposes its restrictions on research. PACs are relatively
safe for subjects and can be used in research [19].
However, PACs also present certain technical issues,
including magnification, superimposed structures, and

inconsistent head position during imaging [20,21]. In
the present study, the authors made the following mod-
ifications to ensure reliability:

(1) Subjects’ heads were kept stable as much as possi-
ble during the period of cephalogram acquisition
for both White-American and Chinese subjects.

(2) The magnification of PACs was corrected.
Furthermore, the ICCs for all measurements
were higher than 0.85, which indicated that the
results were reliable.

Figure 3. Measurements compared between Chinese girls and White-American girls. a. Cranial width; b. Facial width; c: Nasal width;
d: Maxillary width; e: Mandibular width; f: Ratio of maxillary width to mandibular width. *p ＜ 0.05, **p ＜ 0.01 (Student’s t-test).
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People of different ethnicities may exhibit different
transverse cephalometric characteristics. In a study per-
formed by Wei et al. [22], adult Chinese subjects
exhibited significantly greater facial width and bigonial
mandibular width than 15-year-old White-Americans;
however, the White-American subjects might continue
to grow in the transverse dimension beyond 15-years of
age. Aboul-Azm and Korayem [23] found that facial,
maxillary, and bigonial mandibular widths in Egyptian
adults exceeded those of adults of other ethnicities
(Caucasian, Chinese, Japanese, and Danish), with the

exception of maxillary width, in comparison with
Chinese adults. Alazemi and Årtun [7] showed that
Kuwaiti adolescents had wider maxillary measurements
than those described as age-matched Ricketts’ norms.
In the present study, Chinese subjects exhibited wider
transverse widths than White-American subjects at
most ages, which indicated that Chinese and White-
American adolescents exhibited different cephalo-
metric transverse characteristics. It suggested that
transverse craniofacial normative values should be
established for them separately.

Figure 4. Measurements compared between Chinese boys and White-American boys. a. Cranial width; b. Facial width; c: Nasal
width; d: Maxillary width; e: Mandibular width; f: Ratio of maxillary width to mandibular width. *p ＜ 0.05, **p ＜ 0.01 (Student’s
t-test).
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Knowing the transverse craniofacial normative values is
very important for orthodontists to diagnose and treat
patients with transverse discrepancies. In the past, few
studies have been performed to determine the posteroan-
terior cephalometric norms of different ethnic groups, such
as Ataturk, American, Pakistani, and Turkish [7–10]; the
primary conclusion has been that people of different ethnic
backgrounds must be treated on the basis of their own
characteristics because of significant interethnic differ-
ences. However, none of these studies focused on
Chinese. The establishment of craniofacial transverse

normative values for Chinese adolescents was another pur-
pose of this study. From the results, it is clear that a gender
difference was noted for most measurements.
Furthermore, themajority ofmeasurements were relatively
stable before the age of 11.5 years; notably, this was near the
age used to distinguish the stages of mixed dentition and
permanent dentition in clinical practice; thus, the current
study presented the normative values for all measurements
using 11.5 years as a cutoff value. In summary, gender and
age of 11.5 years were used as grouping criteria to describe
normative values for all measurements. Themean values of

Figure 5. Gender differences were present in Chinese subjects. a. Cranial width; b. Facial width; c: Nasal width; d: Maxillary width;
e: Mandibular width; f: Ratio of maxillary width to mandibular width. *p ＜ 0.05, **p ＜ 0.01 (Student’s t-test).
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cranial width, facial width, nasal width, maxillary width,
mandibular width, and ratio of maxillary width to man-
dibular width in this study could be used for guidance as
normal reference values. In the present study, boys showed
higher values than girls for most measurements; similarly,
adolescentswith permanent dentition hadhigher values for
most measurements, compared with adolescents with
mixed dentition. Notably, these findings are similar to
those reported by Hwang et al. [24].

However, this study had limitations. As each subject
might have had one or multiple PACs during the study
period, all PACs in this study were divided into several
groups, each of which consisted of PACs taken at the same
age. In this case, similar to the experiment design of
Hwang et al. [24], the authors employed a cross-sectional
model to do the experiment. However, the cross-sectional
design limited assessment of subjects to a single time
frame, which inevitably included individual growth varia-
tions that should be considered during interpretation of
the data. Additionally, huge differences in sample size
among the various age, sex, ethnic groups, and the possible
influence of secular trends on the differences between the
two ethnic groups should also be considered during inter-
pretation of the data. Further prospective studies involving
longitudinal data with well-distributed sample size are
needed.

Conclusion

Ethnic differences existed between Chinese and White-
American adolescents in terms of transverse craniofacial
sizes. Transverse craniofacial normative values of Chinese

adolescents were established for the first time. Boys
demonstrated higher values than girls for most measure-
ments; similarly, adolescents with permanent dentition
also had higher values than adolescents with mixed denti-
tion for most measurements. Gender and age should be
considered when establishing transverse craniofacial nor-
mative values for Chinese adolescents.
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