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INTRODUCTION

Cephalometric radiographs are frequently used in the evaluation of craniofacial complex, 
diagnosis of malocclusions and anomalies, treatment planning, treatment plan effects, and 
monitoring of growth and development.[1] Ricketts defines cephalometry by the 4C principle. 
According to this principles, cephalometric provides the ability to classify the position of the 
jaws, alveolus, and teeth at the skeletal and dental (classified), whether the current state of the 
individual is pathological, physiological or anatomical (characterized), differences between 
individuals or changes between different ages of the individual (compared), and to transfer 

ABSTRACT
Objectives: e aim of this study is to evaluate the dentofacial transversal norms according to the stages of 
skeletal maturation in growing Turkish individuals and to determine differences between the genders.

Material and Methods: In our multi-centered, cross-sectional retrospective study, in which transversal 
measurements were made according to skeletal maturation stages (SMSs), posteroanterior radiographs of 
572 individuals (292  female, 280 male) with skeletal and dental Class  I relationships and good occlusion were 
examined at the age range of 7–18  years. SMSs were determined using Björk, Grave and Brown hand-wrist 
radiography. A  linear regression model was used for changes of transversal measurements between SMSs, and 
t-test was used to determine transverse changes between the genders.

Results: ere was no statistically significant difference between females and males in cranial, facial, and nasal 
width values up to SMS 5. In maxillary, mandibular, maxillary intermolar, and mandibular intermolar width 
measurements, males had higher values in most stages of skeletal maturation compared to females. Apart 
from nasal width and maxillomandibular ratio values in females, the regression model in which transversal 
measurements were dependent variables, and SMS were independent variables was found to be significant. 
According to cumulative growth percentages, the growth completion in transversal measurements occurred 
earlier in females.

Conclusion: Transversal measurements determined according to the stages of skeletal maturation can be a guide 
for orthodontists in the clinic to determine values that deviate from normal.

Keywords: Posteroanterior radiographs, Skeletal maturation, Transverse dimensions

www.apospublications.com

APOS Trends in Orthodontics

 *Corresponding author: 
Türkan Sezen Erhamza, 
Department of Orthodontics, 
Kırıkkale University, Kırıkkale, 
Turkey.

dt.turkansezen@gmail.com

Received: 10 September 2021 
Accepted: 20 October 2021 
EPub Ahead of Print: 17 December 2021 
Published: 19 April 2022

DOI 
10.25259/APOS_131_2021

Quick Response Code:

http://www.apospublications.com
https://dx.doi.org/10.25259/APOS_131_2021


Erhamza, et al.: Transverse measurements with maturation

APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 44 APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 45APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 44 APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 45

the current state of the individual to the individual, his 
surroundings, and other colleagues (communicated).[2]

Cephalometric radiographs are very important in evaluating 
the craniofacial complex; however, lateral cephalometric 
X-rays can provide information about skeletal, dental, and 
soft tissue morphology and relationships in the sagittal 
direction, while information about skeletal and dentoalveolar 
relationships in the transversal direction cannot be obtained. 
For this purpose, posterior cephalometric radiographs can be 
used.[1] is enables the evaluation of the width and angular 
relationship of dental arches with bone bases, evaluation of 
the relationship of bilateral osseous and dental structures in 
vertical size, evaluation of the width and transverse position 
of the maxilla and mandible, determination of the width 
of the nasal cavity, analysis of vertical and transverse facial 
asymmetries, and evaluation of transversal difference and 
crossbite between the lower and upper molar.

A growing child is a moving target because growth occurs 
at different times and different rates for each child. e 
shape and morphological features of the face change during 
growth. Most researchers used chronological age information 
to determine the transversal facial dimensions of the child, 
which vary with growth.[3-7] However, chronological age does 
not provide enough information to explain development 
progress in a growing child.[8] Evaluation of skeletal 
maturation can better explain individual variations related to 
the timing and intensity of growth.[9]

Several well-known craniofacial growth studies have 
generally determined dentofacial dimensions using 
chronological age as longitudinal.[7,10,11] Studies using skeletal 
maturation are quite small.[9] Hwang et al.,[9] in their study 
of the Korean population, they determined transversal 
measurements according to the stages of skeletal maturation. 
Since it is a study conducted in individuals living in a single 
region in Korea, it can be considered limited in terms of 
creating a norm value for the entire Korean population.

In a study conducted by Uysal and Sari in the Turkish 
population, posterior cephalometric norm values were 
determined in individuals with minimal crowding with 
Class  I occlusion, but the sample was made up of adult 
individuals.[6] Yavuz et al. showed longitudinal transversal 
changes in individuals between the ages of 10 and 14 with 
a clinically acceptable occlusion, but chronological age was 
again used as a determining factor.

e aim of this study is to (A) determine posterior 
cephalometric norms according to skeletal maturation stages 
(SMSs) obtained from hand-wrist radiographs in growing 
individuals with skeletal and dental Class  I occlusion and 
minimal crowding, (B) compare transversal dimensions 
between male and female, and (C) determine the correlation 
between transversal measurements. e null hypothesis 

“transversal measurements obtained from posteroanterior 
radiography do not differ between skeletal growth stages.”

MATERIALS AND METHODS

Individuals who applied to X University (n = 189), Y 
University (n = 108), Z University (184), and T University 
(n = 91), Faculty of Dentistry Department of Orthodontics 
between 2012 and 2018 and whose hand-wrist, posteroanterior 
and cephalometric radiographs were taken for diagnostic 
purposes were evaluated for our cross-sectional retrospective 
multi-centered study. is study was approved by the Non-
Invasive Research Ethics Committee of Y University (Decision 
No: 668, Date: 12.05.2020). By analyzing the difference 
of cranial width in SMSs in our study, for the included 
292  females’ statistical power was 1.00  (100%) with an effect 
size of d = 0.53 and a type-1 error rate of 0.05. For 280 males, 
statistical power was determined as 0.85 (85%), with an effect 
size of d = 0.24 and a type-1 error rate of 0.05. e package 
program “G Power 3.1.9.2” was used for the calculation.

e individuals included in our study have skeletal and 
dental Class  I relationship (ANB angle between 0° and 4°), 
no skeletal asymmetry and posterior cross-bite, minimal 
crowding of <3 mm, no diastema, no orthodontic treatment, 
no systemic disorder and developmental delay that may affect 
bone development., no congenital or acquired malformation 
in the hand-wrist, jaw, face and cervical vertebra region, 
and no radiographs with artifacts and distortions that may 
prevent clear evaluations.

Five hundred and seventy two individuals (292  female, 
average age 11.98 ± 2.65; 280  male, average age 13 ± 2.58) 
with an average age of 12.48 ± 2.66 in the 6–18 age range 
were included in the study.

All radiographs were taken under standard conditions 
such as the distance between the radiograph and porionic 
axis, source of radiation. e images were taken so that 
the Frankfurt horizontal plane was parallel to the ground, 
with the teeth in maximum intercuspation and the lips in a 
resting position. All radiographs were taken by experienced 
operators. e posteroanterior radiographs were acquired 
using different panoramic units in each faculties, adjusting 
linear readings to the actual subject values according to 
the width of the metal bar [Figure  1]. e posteroanterior 
transversal measurements were analyzed on Dolphin 
Software (Dolphin Imaging 11.8 Premium, Chatsworth, CA). 
All measurements were determined as follows [Figure 1]:
1. Cranial width: e width between the most lateral points 

on the cranium.
2. Facial width: e width between the most lateral points 

on the zygomatic arch.
3. Nasal width: e width between the most lateral points 

on the nasal cavity.
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4. Maxillary width: e width between jugal process 
which is the intersection of the outline of the maxillary 
tuberosity and zygomatic buttress.

5. Maxillary intermolar width: e width between the most 
lateral points on the buccal surfaces of the maxillary first 
molar crowns.

6. Mandibular intermolar width: e width between 
the most lateral points on the buccal surfaces of the 
mandibular first molar crowns.

7. Mandibular width: e width between the antegonial 
notches.

8. Maxillomandibular width ratio: Maxillary width divided 
by mandibular width.

9. Maxillomandibular width difference: Maxillary width 
takes away from mandibular width.

In our study, hand-wrist radiographs were used to evaluate 
skeletal maturation. Growth and development periods were 
evaluated according to Björk,[12] Grave and Brown[13] method. 
According to this method, subjects are divided into 9 stages 
of skeletal maturation (SMS).

e hand-wrist radiographs were evaluated by a single 
experienced observer (FNU). e transverse measurements 
were carried out by two experienced observers (TSE and 
FNU). To determine the accuracy and reliability of the 
posteroanterior cephalograms and hand-wrist radiographs, 
50 radiographs were re-evaluated blindly 4 weeks following 
the measurements by the same observers.

e data were analyzed using the SPSS Statistics software 
package program (Version 20, IBM Co., Armonk, NY, USA). 
e average and standard deviations were used in descriptive 
statistics. Shapiro-Wilk test was used as test of normality.

e linear regression model was used to determine which 
SMS were effective in explaining transversal measurements. 
T  test was used to evaluate differences between genders. 
Pearson Correlation Coefficient was used to analyze the 
relation between transversal measurements. P  < 0.05 was 
considered to represent statistical significance.

RESULTS

Intra/interexaminer correlation coefficient indicated 
high reliability between two measurements for all 
transverse measurements (interexaminer r = 0.85˂×˂1.00; 
intraexaminer r = 0.88˂×˂1.00). e coefficients of reliability 
were found to be between 0.89 and 0.99 for the hand-wrist 
evaluations.

[Table 1] shows the number of individuals and average ages 
of 572 individuals included in our study at the stages of 
skeletal maturation by gender.

Transversal measurements of females and males in SMS 
and statistical differences between the genders are shown 
in [Table 2]. No statistically significant difference was found 
between females and males in cranial, facial and nasal width 
values up to SMS 5. In maxillary, mandibular, maxillary 
intermolar and mandibular intermolar width measurements, 
males had greater values in most stages of skeletal maturation 
compared to females.

e results of the regression model, in which transversal 
measurements are considered dependent variables, SMS are 
considered independent variables, are included in [Table 3], 
and the regression equation is included in [Table  4]. Nasal 
width increased by 0.44  mm in males between SMS. 
Maxillary width increased by 0.17 mm in females, 0.60 mm 
in males, mandibular width by 0.37 mm in females, 1.21 mm 

Figure  1: Anatomic landmarks and transverse measurements.CR, 
most lateral point on the right cranium, CL, most lateral point on 
the left cranium, ZA, most lateral point on the right zygomathic 
arch, AZ, most lateral point on the left zygomathic arch, NC, the 
most lateral point on the right nasal cavity, CN, the most lateral 
point on the left nasal cavity, JR, intersection of the outline of 
the right maxillary tuberosity and right zygomatic buttress, JL, 
intersection of the outline of the left maxillary tuberosity and left 
zygomatic buttress, U6, the most lateral point on the buccal surface 
of the right maxillary first molar, 6U, the most lateral point on the 
buccal surface of the left maxillary first molar, L6, the most lateral 
point on the buccal surface of the left mandibular first molar, 6L, the 
most lateral point on the buccal surface of the left mandibular first 
molar, AG, lateral and inferior border of the right antegonial notch, 
GA, lateral and inferior border of the left antegonial notch.1, metal 
bar, 2, (CR-CL) cranial width, 3, (ZA-AZ) facial width, 4, (NC-CN) 
nasal width, 5, (JR-JL) maxillary width, 6, (U6-6U) maxillary 
intermolar width, 7, (L6-6L) mandibular intermolar intermolar, 
8, mandibular width (AG-GA).
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in males, maxillary intermolar width by 0.27 mm in females, 
0.89 mm in males, mandibular intermolar width by 0.34 mm 
in females, 0.842 mm in males at each maturation stage.

Cumulative growth percentages were analyzed for transversal 
measurements. [Table  5] With the completion of 98% of 
cumulative growth, the nasal value for females and males 
was found to be SMS 2 and SMS 7, maxillary width SMS 2 
and SMS 5, mandibular width SMS 2 and SMS 6, mandibular 
intermolar width SMS 2 and SMS 6, maxillary intermolar 
width SMS 2 and SMS 7. It was found that female’s growth 
was completed much earlier than males.

Correlations between all transversal measurements of 
males and females were found to be statistically significant 
(P < 0.001, r = 0.51˂×˂0.85).

DISCUSSION

In orthodontic and orthopedic treatments, the timing of 
treatment planning is critical as well as the treatment protocol. 
Starting treatment during the appropriate maturation 
period of the individual is important for the remaining 
growth of the craniofacial region and can ensure the best 
response from the treatment.[9,14] Individual variations can 
be encountered when evaluating growing individuals using 
chronological age. For this reason, evaluation of transversal 
measurements according to SMSs can benefit in proper and 
timely treatment.[9] To the best of our knowledge, the present 
research was the first to evaluate the changing between the 
SMSs with regression analyze.

Transversal measurements were evaluated according to 
chronological age in many populations such as American, 
Chinese, Kuwaiti, Austrian, Pakistani, Northern Irish, 
Japanese, Caucasian, and Turkish.[3-7,10,11,15] Uysal and Sari[6] 
determined posteroanterior cephalometric norms in adult 
Turkish individuals. Yavuz et al.[7] reported longitudinally 

transversal measurement results in individuals between 
10 and 14  years of age. Besides, measurements were made 
in individuals living in a single region in these two studies. 
In contrast to other studies, transversal measurements 
according to SMSs were made by determining transversal 
measurements of individuals living in different regions.

Hand-wrist radiography is often used to determine skeletal 
maturation since bones in the wrist region have different 
ossification times. In our study, the Björk,[12] Grave and 
Brown[13] method was used, and the average age at each stage 
of skeletal maturation was close to those in our study; at each 
stage, it was observed that there was a 1-year age difference in 
Turkish individuals.

Nasal width is a value that can be changed by treatments such 
as rapid maxillary expansion, which provides an orthopedic 
effect. It can increase in the range of approximately 1.06 to 
3.47  mm with rapid maxillary expansion.[16] In addition, 
there is an increase in studies in which the volume of the 
nasal cavity is measured using an acoustic rhinometry 
device.[17,18] Having a sufficient width of the nasal cavity 
contributes to better nasal breathing.[16] A person’s nasal 
breathing becomes very important for orthodontists, as 
it is effective for the growth and development of the entire 
craniofacial system.[16] Ricketts[19] found that nasal width 
was 25  mm at age 9 and increased by 0.5  mm/year with 
growth. Snodell et al.[11]reported that the increase ranged 
from 24.6  mm in females, 24.7  mm in males, and between 
0.2 mm and 1.4 mm/year. In our study, nasal width increased 
by 0.09 mm in girls and 0.44 mm in males between SMSs. In 
addition, the studies found that nasal dilatation was higher in 
males than in females, supporting our study.[5,9,11,20]

Nasal width and maxillary width were correlated with each 
other in both genders (r = 0.55 in female, r = 0.64 in male). 
is correlation confirms the positive directional relationship 
between airway and maxillary width.[21,22]

Ricketts found that maxillary width increased by 
0.6 mm/year.[19] In our study, it was found that the increase 
in each SMS was 0.17 mm in females and 0.60 mm in males. 
is result supports Ricketts’ study, especially in males.

Savara and Singh[23] found that incremental growth rates 
decreased from 6 to 13 years of age, but had a peak between 
14 and 15 years of age. Similarly, Snodell et al.[11] determined 
a decrease in the growth rate between the ages of 6 and 
14 and acceleration at the age of 15. In our study, it seems 
that the increase in men was regular, unlike these studies. 
Although a decrease appears in the fifth stage in women, this 
may have been caused by individual growth variations, which 
can be considered a limitation of cross-sectional study.

Hwang et al.,[9] found that 99% of maxillary growth was 
completed in the third stage of skeletal maturation in females 
and the seventh stage in males. Males completed their 

Table  1: Number of individuals and average age at SMSs by 
gender.

SMS Female Male
n Age (year) n Age (year)

1 30 8.27±1.17 35 9.14±1.33
2 30 9.40±1.22 32 10.84±1.63
3 33 10.55±1.48 30 11.17±1.58
4 30 10.47±1.31 30 12.27±0.97
5 33 11.42±1.06 33 13.21±1.24
6 30 12.77±1.25 30 14.37±1.03
7 31 13.52±1.55 30 14.83±1.02
8 37 14.35±1.25 30 15.10±1.24
9 38 15.68±1.19 30 16.50±1.04
Total 292 11.98±2.65 280 13.00±2.58
SMS: Skeletal maturation stage



Erhamza, et al.: Transverse measurements with maturation

APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 48 APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 49

Ta
bl

e 
2:

 C
om

pa
ris

on
 o

f t
ra

ns
ve

rs
al

 m
ea

su
re

m
en

ts
 o

f g
irl

s a
nd

 b
oy

s a
t S

M
Ss

.

SM
S

C
ra

ni
al

 w
id

th
Fa

ci
al

 w
id

th
N

as
al

 W
id

th
M

ax
ill

ar
y 

w
id

th
M

an
di

bu
la

r w
id

th
Fe

m
al

e
M

al
e

P
Fe

m
al

e
M

al
e

P
Fe

m
al

e
M

al
e

P
Fe

m
al

e
M

al
e

P
Fe

m
al

e
M

al
e

P
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD
M

ea
n±

SD

1
14

0.
62

±1
1.

75
14

3.
94

±1
0.

66
0.

23
7

11
2.

28
±9

.5
6

11
2.

69
±8

.3
0

0.
85

4
26

.7
8±

2.
86

27
.2

9±
2.

60
0.

45
5

56
.2

5±
4.

15
59

.2
2±

4.
25

0.
00

6
71

.3
5±

6.
34

75
.3

1±
5.

84
0.

01
1

2
14

4.
78

±7
.2

8
14

5.
95

±9
.0

6
0.

58
1

11
2.

99
±6

.3
2

11
5.

97
±7

.5
8

0.
10

0
27

.2
7±

1.
79

27
.5

1±
2.

14
0.

64
5

58
.4

5±
2.

87
59

.8
1±

4.
39

0.
15

9
74

.3
7±

4.
57

77
.6

2±
5.

38
0.

01
3

3
14

4.
05

±1
0.

68
14

4.
09

±9
.4

2
0.

47
6

11
5.

82
±1

0.
05

11
6.

23
±8

.0
3

0.
85

8
27

.7
9±

3.
09

28
.4

3±
2.

59
0.

38
5

58
.7

4±
4.

12
60

.8
9±

3.
65

0.
03

3
75

.8
3±

5.
89

76
.2

3±
4.

82
0.

77
4

4
14

3.
46

±8
.8

0
14

4.
30

±1
0.

82
0.

74
4

11
5.

24
±6

.5
2

11
6.

53
±9

.8
5

0.
55

1
27

.8
8±

2.
53

28
.5

5±
3.

72
0.

41
5

60
.1

6±
3.

77
61

.4
5±

4.
62

0.
24

0
77

.2
7±

4.
79

78
.5

7±
7.

16
0.

41
4

5
13

2.
21

±8
.5

2
14

6.
69

±9
.4

5
<0

.0
01

10
5.

94
±6

.7
5

11
5.

06
±7

.1
8

<0
.0

01
25

.4
3±

2.
63

29
.2

7±
3.

60
<0

.0
01

56
.7

9±
3.

76
62

.7
7±

4.
13

<0
.0

01
70

.9
5±

5.
33

80
.8

7±
7.

01
<0

.0
01

6
14

2.
53

±8
.5

8
14

7.
09

±8
.7

1
0.

04
6

11
5.

38
±8

.3
0

12
2.

20
±8

.9
9

0.
00

3
29

.5
5±

2.
84

31
.0

6±
2.

59
0.

03
5

60
.3

9±
4.

06
62

.4
7±

4.
73

0.
07

3
80

.5
3±

6.
56

84
.1

2±
5.

59
0.

02
6

7
14

0.
47

±8
.9

7
15

0.
28

±1
8.

20
0.

00
9

11
4.

77
±7

.7
9

12
4.

47
±1

5.
33

0.
00

3
28

.9
0±

2.
86

30
.2

8±
4.

67
0.

16
8

58
.5

2±
3.

16
63

.3
6±

7.
25

0.
00

2
77

.2
0±

5.
16

84
.2

9±
11

.1
9

0.
00

2
8

13
3.

95
±7

.1
3

14
5.

08
±1

1.
63

<0
.0

01
10

9.
57

±6
.0

7
11

5.
81

±7
.8

4
<0

.0
01

27
.0

6±
2.

51
29

.6
7±

3.
81

0.
00

2
58

.7
5±

4.
12

63
.5

1±
5.

33
<0

.0
01

75
.0

0±
4.

91
82

.0
3±

6.
27

<0
.0

01
9

13
3.

62
±6

.8
8

14
9.

61
±7

.3
4

<0
.0

01
11

0.
11

±6
.6

6
12

3.
20

±7
.3

8
<0

.0
01

27
.6

0±
2.

80
30

.7
8±

2.
36

<0
.0

01
58

.8
3±

3.
50

63
.8

9±
3.

01
<0

.0
01

75
.6

1±
4.

95
84

.8
4±

6.
30

<0
.0

01

SM
S

M
an

di
bu

la
r i

nt
er

m
ol

ar
 w

id
th

M
ax

ill
ar

y 
in

te
rm

ol
ar

 w
id

th
M

x-
M

n 
w

id
th

 d
iff

er
en

ce
M

x-
M

n 
w

id
th

 ra
tio

Fe
m

al
e

M
al

e
P

Fe
m

al
e

M
al

e
P

Fe
m

al
e

M
al

e
P

Fe
m

al
e

M
al

e
P

M
ea

n±
SD

M
ea

n±
SD

M
ea

n±
SD

M
ea

n±
SD

M
ea

n±
SD

M
ea

n±
SD

M
ea

n±
SD

M
ea

n±
SD

1
52

.3
8±

4.
60

54
.6

6±
5.

09
0.

06
5

51
.7

1±
4.

10
53

.5
5±

4.
56

0.
09

4
15

.1
0±

4.
18

16
.0

9±
3.

33
0.

29
2

79
.0

6±
4.

58
78

.7
4±

3.
52

0.
75

3
2

55
.0

4±
2.

98
56

.4
2±

5.
42

0.
21

8
54

.1
7±

3.
68

56
.0

7±
5.

66
0.

12
4

15
.9

2±
4.

14
17

.8
1±

4.
12

0.
07

7
78

.7
7±

4.
60

77
.1

6±
4.

49
0.

16
8

3
54

.9
8±

4.
24

57
.8

9±
4.

03
0.

00
7

53
.6

0±
3.

92
55

.9
2±

4.
02

0.
02

4
17

.1
0±

3.
90

15
.3

4±
4.

06
0.

08
5

77
.6

0±
4.

15
80

.0
1±

4.
53

0.
03

1
4

56
.0

6±
4.

04
58

.5
4±

5.
23

0.
04

4
55

.1
3±

2.
80

56
.5

2±
4.

89
0.

18
1

17
.1

2±
3.

99
17

.1
2±

4.
85

1.
00

0
77

.9
7±

4.
38

78
.4

7±
4.

93
0.

67
6

5
53

.2
5±

3.
47

59
.3

6±
7.

79
<0

.0
01

51
.4

5±
3.

94
57

.7
7±

4.
76

<0
.0

01
14

.1
6±

3.
65

18
.1

0±
5.

24
0.

00
1

80
.2

0±
4.

27
77

.9
1±

5.
15

0.
05

4
6

59
.3

3±
4.

89
61

.1
5±

3.
65

0.
10

7
56

.3
7±

4.
55

59
.0

5±
4.

65
0.

02
8

20
.1

5±
5.

47
21

.6
5±

4.
81

0.
26

2
75

.2
6±

5.
58

74
.3

8±
4.

89
0.

51
7

7
57

.6
4±

4.
46

62
.0

1±
7.

95
0.

01
0

55
.9

3±
3.

99
60

.6
1±

7.
76

0.
00

4
18

.6
8±

4.
62

20
.9

3±
6.

22
0.

11
4

76
.0

0±
4.

85
75

.4
4±

4.
98

0.
65

9
8

55
.2

0±
3.

88
59

.9
6±

5.
67

<0
.0

01
54

.3
3±

3.
90

59
.8

7±
5.

44
<0

.0
01

16
.2

6±
3.

29
18

.5
2±

3.
39

0.
00

7
78

.3
9±

3.
79

77
.4

5±
3.

47
0.

29
9

9
55

.8
4±

4.
73

61
.7

4±
4.

24
<0

.0
01

54
.5

5±
3.

92
61

.0
12

±4
.2

0
<0

.0
01

16
.7

8±
3.

37
20

.9
5±

5.
56

<0
.0

01
77

.9
1±

3.
55

75
.5

8±
4.

93
0.

03
4

SM
S:

 S
ke

le
ta

l m
at

ur
at

io
n 

st
ag

e



Erhamza, et al.: Transverse measurements with maturation

APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 48 APOS Trends in Orthodontics • Volume 12 • Issue 1 • January-March 2022 | 49

Table  3: Regression model results in which transversal 
measurements are examined according to skeletal maturation 
stages.

Parameter Gender Estimate(β) 95% CI t P

Cranial 
width

Female −1.187 −1.600–
−0.773

−5.658 0.000

Male 0.584 0.090–
1.078

2.326 0.021

Facial width Female −0.386 −0.744–
−0.028

−2.122 0.035

Male 1.069 0.639–
1.499

4.896 0.000

Nasal width Female 0.094 −0.032–
0.220

1.464 0.144

Male 0.448 0.302–
0.593

6.052 0.000

Maxillary 
width

Female 0.172 0.001–
0.343

1.975 0.049

Male 0.601 0.389–
0.812

5.598 0.000

Mandibular 
width

Female 0.376 0.115–
0.637

2.839 0.005

Male 1.217 0.907–
1.528

7.711 0.000

Mand 
intermolar 
width

Female 0.349 0.152–
0.546

3.490 0.001

Male 0.842 0.604–
1.080

6.964 0.000

Max 
intermolar 
width

Female 0.279 0.099–
0.459

3.048 0.003

Male 0.891 0.657–
1.125

7.503 0.000

Mx-Mn 
width 
difference

Female 0.205 0.014–
0.395

2.117 0.035

Male 0.617 0.399–
0.835

5.563 0.000

Mx-Mn 
width ratio

Female −0.172 −0.372–
0.029

−1.684 0.093

Male −0.411 −0.624–
−0.199

−3.809 0.000

Table 4: Regression equation in which transversal measurements 
are examined according to skeletal maturation stages.

Parameter Sex Predictive equation R² P

Cranial width Female Y=145.34−1.187X 0.099 <0.001
Male Y=143.43+0.584X 0.019 0.021

Facial width Female Y=114.29–0.386X 0.015 0.035
Male Y=112.63+1.069X 0.079 <0.001

Nasal width Female Y=27.071–0.032X 0.007 0.144
Male Y=26.962+0.448X 0.116 <0.001

Maxillary 
width

Female Y=57.652+0.172X 0.013 0.049

Male Y=58.927+0.601X 0.101 <0.001
Mandibular 
width

Female Y=73.370+0.376X 0.027 0.005

Male Y=74.349+1.217X 0.176 <0.001
Mand 
intermolar 
width

Female Y=53.700+0.349X 0.040 0.001

Male Y=54.855+0.842X 0.149 <0.001
Max 
intermolar 
width

Female Y=52.686+0.279X 0.031 0.003

Male Y=53.359+0.891X 0.168 <0.001
Mx-Mn width 
difference

Female Y=15.718+0.205X 0.015 0.035

Male Y=15.422+0.617X 0.100 <0.001
Mx-Mn width 
ratio

Female Y=78.820−0.172X 0.010 0.093

Male Y=79.291−0.411X 0.050 <0.001

maxillary development about 3 years after females.[9,24] In our 
study, 99% of maxillary growth was completed in the second 
stage of skeletal maturation in females and the seventh stage 
in males. is result appears to be more consistent with 
studies that determine that maxillary growth was completed 
in females at an average age of 13–14 years and in males at 
the age of 18 years.[11,23-25]

Ricketts reported an increase in mandibular width of 
1.35 mm each year,[19] Snodell et al.[11] reported an increase 
in the range of 0.5 mm to 2 mm in females and 1.5 mm to 
3.0 mm in males. In our study, it was found that there was 
a smaller increase between the stages of skeletal maturation 
in females with an increase of 0.37  mm and in males with 
an increase of 1.21  mm compared to the studies. A  study 

conducted in Turks reported an increase of about 1.7  mm 
in females and 2.3  mm in males/year between the ages 
of 10 and 14  years.[7] e discrepancy between skeletal 
maturation and chronological age and the fact that the 
population of our study included individuals from different 
parts of Turkey may have caused this difference.

By calculating the biantegonial distance, Ricketts showed that 
the mandibular width he found expanded from 68  mm to 
91 mm from the age of 7 to the age of 23.[19] In the Korean 
population, the initial maturation stage was found to be 
80  mm in females, 86  mm in males, the final maturation 
stage was found to be 91  mm in females and 95  mm in 
males.[9] Since the antegonial area is closer to the teeth and is 
not disrupted by muscle connections, it is more convenient 
to use biantegonial width instead of bigonial width[19] In 
our study, biantegonial width was 71.35  mm in females at 
the initial maturation stage, 75.31  mm in males; 75.61  mm 
in females at the final stage and 84.84  mm in males. In a 
study that measured bigonial width in Turkish individuals 
who studied longitudinal development between the ages of 
10 and 14, it was reported that it was 92.3  mm in females 
at the age of 10 and 93.2 mm in males. is difference was 
caused by the different selection of the anatomical landmark 
used in the measurement. Although the biantegonial distance 
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was used in another study conducted in adult Turkish 
individuals, the value found as 98.03  mm is quite different 
from our study. e fact that our study is multi-centered 
suggests that it may better reflect the Turkish population. 
For this reason, choosing individuals from each region of 
a country to determine the normative values, even though 
within the same country, can lead to more accurate results.

e relationship between the maxilla and mandible 
determines the presence or absence of transversal skeletal 
discrepancy.[4] Cortella et al.,[25] believe that the growth 
of the maxilla is less than that of the mandible and that a 
compensatory mechanism is necessary to obtain a normal 
closing relationship (no crossbite). Harmony between 
maxillary molar teeth and mandibular molar teeth is very 
important to obtain normal occlusion.[25]

Cortella et al.,[25] emphasized that enlargement factors can 
change at different ages and that the mandible will be more 
affected by the maxilla due to the fact that the mandible 
width is greater than the maxillary width. ey reported that 
using the maxillomandibular ratio would therefore be a more 
accurate diagnostic guide.[25] Cortella et al.,[25] found that the 
maxilla mandibular ratio at age 6 was 78.6%, at age 18 it was 
74.9%; Athanasiou and Van der Meij[26] found that at age 6 it 
was 77.8% and at age 15 it was 74%.[25] Hwang et al.,[9] stated 
that in the first stage of skeletal maturation, it was 78.83% 
in females, 77.77% in males, and the final stage-74.06% in 
females and 77.01% in males. In our study, in the first stage 
of skeletal maturation, it was 79.06% in females, 78.74% in 
males; in the final stage, it was 77.91% in females and 75.58% 
in males.

Sillman[27] found a 1.2 mm increase in mandibular intermolar 
width; Movers[28] found a 1.6  mm increase in females and 
2.6  mm increase in males. In our study, it was found that 
there was an increase of 0.34  mm in females and 0.84  mm 
in males at each stage of skeletal maturation. ese results 
do not support the decrease Woods[29] found in females 
and males, and the decrease Snodell et al.[11] found only in 
females. is difference may have been caused by ethnic 
differences between nations.

In maxillary intermolar width, Woods[29] found a 2.5  mm 
increase in females from 7 years to 15 years, 2.6 mm increase 
in males; Sillman[27] found a 3 mm increase in females from 
7  years to 13  years; Movers[28] found a 3.5  mm increase in 
females from 7 years to 16 years, a 4.2 mm increase in males; 
Snodell et al.[11] similarly found a 2.1 mm increase in females 
from 7  years to 16  years, and a 3.6  mm increase in males. 
An increase of 0.27  mm in females and 0.89  mm in males 
between each SMS in our study supports the total amount of 
growth in these studies.

Maxillomandibular difference can be used to evaluate skeletal 
transversal discrepancy.[30] Betts[30] accepted individuals aged Ta
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15.5 years and older as skeletally mature and reported the need 
for surgical expansion in cases where the maxillomandibular 
transverse differential index is higher than 5  mm in these 
individuals. ese results have been reached with norm 
values that apply to Caucasian individuals. It seems that 
the measurement values in our study were much more than 
5 mm; but given that the Turkish individuals included in the 
study were skeletal Class I, individuals without crossbite and 
with ideal closure, it seems that the results of Betts[30] were 
not compatible with Turkish individuals.

Limitations of our study include that transversal 
measurements between SMSs do not show regular increases 
or decreases and that individuals included as a result of cross-
sectional study design have individual growth variations. 
Instead of evaluating radiographs taken at once, longitudinal 
studies using skeletal maturation are needed.

In our study, the use of two-dimensional posteroanterior 
radiographs can also cause limitations in determining 
anatomical landmarks due to the appearance of 
superimpositions. Although the use of 3-D conical beam 
computed tomography is considered more advantageous, it 
has ethical restrictions due to high radiation in routine use.[1]

CONCLUSION

With the results of our transversal norm study determined 
according to the stages of skeletal maturation, deviating 
values on the current population can be determined.

Most males and females show a statistical difference in transversal 
measurement value. Gender differences should be considered in 
the transversal evaluation of individuals in the clinic.

e millimetric increase between SMSs was found to be 
significant in most transversal values.

Transversal growth was found to be completed earlier in 
females than in males in all measurement results.
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