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Abstract: Objective: To identify and evaluate changes in the sagittal position of point B due to orthodontic treat-
ment using CBCT. Materials and methods: The subjects comprised 80 patients received fixed appliance. In this 
population, group 1 consisting of 40 patients with Class II division 2 malocclusion and group 2 consisting of 40 
patients with minor crowding in the beginning of the treatment and required no or minimal maxillary anterior tooth 
movement. Treatment changes in incisor inclination, sagittal position of point B, SNB and movement of incisor root 
apex and incisal edge were calculated on pretreatment and post treatment on CBCT. Results: Assessment of local 
changes in point B revealed that the point had moved backward. No significant change was observed in the value 
of the sella-nasion-point B angle (SNB) in both the study and control groups. However, the changes of horizontal 
displacement after treatment in SNB between the two groups were found to be significant. There were no significant 
changes in the vertical and Z position of points B in both group. Conclusions: The position of point B was affected by 
local bone remodeling during orthodontic treatment. These changes significantly affect the SNB angle. 
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Introduction

Point B are commonly used to determine the 
sagittal denture base relationship [1]. However, 
Some authors have stated that point B was 
influenced by the inclination of the anterior cra-
nial base [2-4], patient age, position of the nasi-
on [5, 6], and the degree of facial prognathism 
[7]. Unless all of these factors are accounted 
for, the validity of studies using points B as sta-
ble skeletal reference points may be question-
able, and this may affect the accuracy of the 
results [8].

Few studies have attempted to investigate the 
effect of incisal tooth movements on the posi-
tion of points B in previous literatures [9-15]. 
Only one study [16] assessed the changes of 
SNA and SNB by orthodontic treatment. During 
examination of pre-treatment and post-treat-
ment cephalometric data on Class II division 2 
malocclusion, Cleall and BeGole16 noted that 
the SNB angle was slightly increased.

Cephalometric studies are subject to error, and 
reports often indicate small changes caused by 
treatment. Many studies have attempted to 
assess the accuracy of cephalometric mea-
surements as applied three-dimensionally 
because of known intrinsic limitations of these 
images, such as distortion and magnification. 
In some cases, the magnitude of error may 
approach the therapeutic changes and raise 
doubt about their validity [17-19]. This is a com-
mon fault of cephalometric studies. 

Therefore, the aim of this study was to isolate 
and evaluate changes in the position of points 
B purely due to incisal inclination changes 
because of orthodontic treatment. 

Material and methods

Ethical approval was obtained for this study 
from the Ethics Committee of the stomatology 
hospital of the Wenzhou Medical University. The 
participants were informed about the treatment 
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Table 1. CBCT distance, and angular definition 
Angles, distance Definition
SNB angle formed by the intersection of the nasion-sella and 

nasion-point B lines
Three-dimensional position of the root perpendicular distance from the maxillary incisor root apex to 

the reference plane
Three-dimensional position of the crown perpendicular distance from the maxillary incisor root apex to 

the reference plane
Three-dimensional position of the point B perpendicular distance from the incisal edge of the mandibular 

incisor to the reference plane

procedures and assured of the confidentiality 
of the collected information. Only those who 
were given written consent were included in the 
research.

Subjects

The inclusion criteria for this study has been 
described in previous article [20], the patient 
sample, appliances, and clinical techniques 
used in this study were all identical to that 
described in the earlier article.

CBCT analysis

All radiographs used in the present study were 
taken with the same CBCT machine (New Tom 

VGi, Italy). Digital imaging and communications 
in medicine data sets were then imported into 
Dolphin Imaging 10.1 (Version 11.0, Dolphin 
Imaging & Management Solutions, Chatsworth, 
Calif) in order to identify anatomic landmarks 
using the 3D data. A line connecting sella and 
nasion corrected the pitch (x-axis), a line paral-
lel to the inferior surface of the sphenoid bone 
at the antero-posterior position of nasion cor-
rected roll (z-axis), and a line parallel to the 
anterior border of nasion corrected the yaw 
(y-axis). The x, y, and z coordinates of incisal 
edge, incisor root apex, and Point B were 
defined by using the Dolphin 3D program in the 
sagittal, axial, and coronal views.The twenty-
one parameters were used in this study, see 

Figure 1. Example of the views seen using the Dolphin Imaging program.
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Table 2. Treatment changes in study and control groups

Measurement
Class II Division 2 Group

P Sig
Control Group

P SigT1 T2 T2-T1 T1 T2 T2-T1
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD

SNB, degree 75.12+3.56 74.02+3.78 -0.9+1.23 0.528 NS 79.36+4.12 79.02+4.32 -0.26+0.56 0.65 NS

N-L1Ap (x), mm -2.45+1.52 -3.70+1.23 -1.25+1.46 0.001 *** -2.12+1.18 -1.97+1.23 0.15+0.48 0.283 NS

N-L1Ap (y), mm 101.13+8.33 100.91+9.32 -0.22+0.13 0.795 NS 100.12+8.20 100.32+8.22 0.20+0.22 0.382 NS

N-L1Ap (z), mm 1.21+1.26 1.35+0.24 0.14+0.20 0.234 NS 1.27+1.18 1.40+0.23 0.13+0.52 0.352 NS

N-L1Ed (x), mm -5.60+2.23 -10.43+2.65 4.83+2.43 0.001 *** -3.28+1.46 3.68+1.53 0.4+1.12 0.438 NS

N-L1Ed (y), mm -91.35+9.55 -90.68+9.32 -1.33+2.43 0.931 NS -90.32+7.72 -90.55+7.78 -0.23+0.38 0.624 NS

N-L1Ed (z), mm 8.14+3.27 7.25+1.38 -1.11+1.15 0.432 NS 8.41+2.56 7.35+2.21 -1.06+0.52 0.463 NS

N-B (x), mm -3..26+1.23 -4.68+1.45 -1.42+1.33 0.001 *** -2.23+1.36 -2.25+1.34 -0.02+0.57 0.78 NS

N-B (y), mm 70.28+5.16 70.82+5.45 0.54+0.32 0.512 NS 70.17+6.22 70.33+5.28 0.16+0.12 0.912 NS

N-B (z), mm 1.23+1.32 1.43+0.45 0.30+0.42 0.512 NS 1.44+41.35 1.60+1.32 0.16+0.42 0.257 NS
***P<0.001; NS indicates not significant.

Table 1. The Dolphin Imaging 3D module 
allowed placement of landmarks using any one 
of the four available views (volumetric, sagittal, 
transverse, and vertical; Figure 1).

Measures were traced by the same operator by 
hand, and all measurements were carried out 
with a gauge to the nearest 0.1 mm. CBCT land-
marks used in this study are identified in Figure 
1.

Statistical analysis

Data analysis was performed by SPSS for 
Windows, version 14.0 (SPSS Inc, Chicago, Ill). 
The differences for the age, gender, and treat-
ment time were measured using chi-square 
test. Means and standard deviation between 
the pre-treatment and post-treatment mea-
surements were studied using Wilcoxon paired 
t-test. Differences between groups were ana-
lyzed by Mann-Whitney U-test. The level of sig-
nificance was set at P<0.05.

To calculate systematic and random errors, 10 
subjects were randomized retraced, and land-
marks were retraced 2 months after the first 
measurement, and all measurements were 
repeated to estimate the repeatability of the 
measurements. Systematic error was not sta-
tistically significant. The random measurement 
error was calculated according to Dahlberg 
mention method. For linear and angular mea-
surements, the error varied between 0.22 mm 
and 1.01 degrees; 0.16 mm and 0.38 degrees, 
respectively. It revealed that there was no any 
random measurement error.

Results

Systematic error was not statistically signifi-
cant. For linear and angular measurements, t 
there was also no any random measurement 
error.

Incisal edges of mandibular incisors in the 
study group were moved backward 4.83 mm, 
the difference was statistically significant, 
Table 2. Statistically nonsignificant similar 
movement were observed in the control group, 
Table 2. The difference for the movement of the 
incisal edge between the two groups was sta-
tistically significant, Table 3. 

The apex of incisors in the study group was 
moved backward 1.25 mm in the mandibular. 
The movement in the study group was statisti-
cally significant, while it was no significant in 
the control group, Table 2. The difference 
between the two groups was also statistically 
significant, Table 3. The vertical and Z displace-
ment was not statistically significant in both 
groups, the difference between the two groups 
was also not statistically significant, Table 3.

The change in SNB degree between T1 and T2 
measurements for both groups was no statisti-
cally significant. However, the changes of SNB 
between the two groups were found to be sig-
nificant, see Tables 2 and 3.

The result revealed that incisal inclination 
changes result in the position of points B sig-
nificant backward. However, the local vertical 
and Z displacement was not statistically signifi-
cant in both groups, Table 3.
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Discussion

The aim of this study was to investigate wheth-
er the position of point B are affected by local 
bone remodeling using CBCT in Class II division 
2 malocclusion. 

Most of the previous studies have been limited 
by the fact that traditional 2D static imaging 
techniques could not truly show the 3D anato-
my. Currently, most of authors had come to a 
conclusion that CBCT images could provide a 
more accurate analysis of treatment results 
[21-24]. Although the relationship between the 
position of Point B and incisor inclination was 
found to be interrelated in previous studies [11, 
12], limitations of traditional images, such as 
distortion and magnification, could be inter-
preted as the weakness of the previous studies 
results. 

Besides imaging techniques, the wide range of 
ages of samples and the lack of a control group 
in order to account for the effect of growth on 
the position of point B could also be considered 
as the most important limitation in previous 
studies evaluating the effect of incisor inclina-
tion on the point B position. In the previous 
studies, the sample of subjects was not consis-
tent which range from teenager to adults. It is 
clear that skeletal response to tooth movement 
will not be similar which expected to be more 
noticeable in the growing than non-growing 

observed. These findings are coincident with 
those of Nanda [25] that “it is important to 
remember that skeletal landmarks are affected 
by dento-alveolar movement”.

In the present study, the changes of point B 
decrease the SNB angle, which was found sig-
nificant. However, the other study [16] evaluat-
ing the relationship between the sagittal posi-
tion of point B and the SNB angle show that, 
despite bone remodeling, the SNB angle actu-
ally did not significantly change during treat-
ment by cephalometric measurement. The pos-
sibly main reason was that their study lack of 
control. Because it is difficult to have a statisti-
cally significant difference in the change of 1 
degree SNB compare to normal value which 
about 80 degree in included patients. Therefore, 
this study included subjects who required mini-
mal maxillary anterior tooth movement found 
that the impact of incisor inclination on point B 
remodeled is statistically significant. Further- 
more, in the present study, nasion was stability 
in adult patients, so it could be considered that 
the posterior movement of point B which result-
ed from bone remodeling associated with orth-
odontic tooth movement could lead to a real 
significant decrease in SNB angle.

Conclusions

In a word, the position of point B was affected 
by local bone remodeling associated with retro-

Table 3. Comparison of treatment changes between 
study and control groups for angular and linear mea-
surements

Measurement

Class II Divi-
sion 2 Group

Control 
Group

P SigT2-T1 T2-T1
Mean SD Mean SD

SNB, degree -0.9 1.23 0.26 0.56 0.000 ***
N-L1Ap (x), mm -1.25 1.46 0.15 0.48 0.001 ***
N-L1Ap (y), mm -0.22 0.13 0.20 0.22 0.632 NS
N-L1Ap (z), mm 0.14 0.20 0.13 0.52 0.423 NS
N-L1Ed (x), mm 4.83 2.43 0.40 1.12 0.001 ***
N-L1Ed (y), mm -1.33 2.43 -0.23 0.38 0.001 ***
N-L1Ed (z), mm -1.11 1.15 1.06 0.32 0.52 NS
N-B (x), mm -1.42 1.33 -0.02 0.57 0.001 ***
N-B (y), mm 0.54 0.32 0.16 0.12 0.314 NS
N-B (z), mm 0.30 0.42 0.16 0.42 0.423 NS
***P<0.001; NS indicates not significant.

patients. If one desires to assess the 
effect of incisor inclination on the remodel-
ing of point B, It is better to perform the 
present study on non-growing patients in 
order to eliminate the effect of growth on 
the results. Therefore, we recruited the 
adults subjects in both groups in order to 
eliminate the effect of growth on the sagit-
tal position of point B in this study. 

The results of the present study showed 
that, the incisal edge of the mandibular 
incisors were moved 4.83 mm forward, 
while the apex moved 1.25 mm backward 
during orthodontic treatment. This finding 
indicated that the movement generated 
due to the orthodontic treatment is a rota-
tional movement with the center of rota-
tion closer to the apex than to the bracket. 
The changes of point B which 1.42 mm 
backward and 0.54 mm upward was 
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clination of mandibular incisor in Class II divi-
sion 2 malocclusion, these changes significant-
ly affect the value of the SNB angle.

Acknowledgements 

We thank Prof. Song Kanming who revising it 
critically for important intellectual content. The 
study was supported by grants from the teach-
ing reform project of wenzhou medical univer-
sity (yb201336).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yu Zhou, Depart- 
ment of Orthodontics, School Hospital of Stoma- 
tology, Wenzhou Medical University, Wenzhou, Zhe- 
jiang, China. Tel: +86-0577-88063012; Fax: +86-
0577-88063012; E-mail: 156089794@qq.com

References

[1] Riedal RA. Esthetics and its relation to orth-
odontic therapy. Angle Orthod 1950; 20: 168-
178.

[2] Jacobson A. The Wits appraisal of the jaw dis-
harmony. Am J Orthod 1975; 67: 125-138.

[3] Jacobson A. Application of “Wits” appraisal. 
Am J Orthod 1976; 70: 179-189.

[4] Jacobson A. Update on the “Wits” appraisal. 
Angle Orthod 1988; 58: 205-219.

[5] Nanda RS. Growth changes in skeletal-facial 
profile and their significance in orthodontic di-
agnosis. Am J Orthod 1971; 59: 501-513. 

[6] Binder RC. The geometry of cephalometrics. J 
Clin Orthod 1979; 13: 258-263.

[7] Oktay H. A comparison of ANB, WITS, AF-BF, 
and APDI measurements. Am J Orthod 1991; 
99: 122-128.

[8] Aelbers CM, Dermaut LR. Orthopedics in ortho-
dontics: part I, fiction or reality-a review of the 
literature. Am J Orthod Dentofacial Orthop 
1996; 110: 513-519.

[9] Cangialosi TJ and Meistrell ME. A cephalomet-
ric evaluation of hard and soft tissue changes 
during the third stage Begg treatment. Am J 
Orthod Dentofacial Orthop 1982; 81: 124-
129.

[10] Erverdi N. A cephalometric study of changes in 
point A under the influence of upper incisor in-
clinations. J Nihon Univ Sch Dent 1991; 33: 
160-165.

[11] Al-Abdwani R, Moles DR and Noar JH. Change 
of incisor inclination effects on points A and B. 
Angle Orthod 2009; 79: 462-467.

[12] Al-Nimri KS, Hazza’a AM and Al-Omari RM. 
Maxillary incisor proclination effect on the po-
sition of point A in Class II division 2 malocclu-
sion. Angle Orthod 2009; 79: 880-884.

[13] Goldin B. Labial root torque: effect on the max-
illa and incisor root apex. Am J Orthod 
Dentofacial Orthop 1989; 95: 208-219.

[14] Van PGM. A study of roentgenocephalometric 
bony landmarks. Am J Orthod 1971; 59: 111-
125.

[15] Mittchell DL and Kinder JD. A comparison of 
two torquing techniques on the maxillary cen-
tral incisor. Am J Orthod 1978; 73: 407-413.

[16] Cleall JF and BeGole EA. Diagnosis and treat-
ment of class II division 2 malocclusion. Angle 
Orthod 1982; 52: 38-60

[17] Houston WJB. The analysis of errors in orth-
odontic measurements. Am J Orthod 
Dentofacial Orthop 1983; 83: 382-390.

[18] Battagel JM. A comparative assessment of 
cephalometric errors. Eur J Orthod 1993; 15: 
305-314.

[19] Kamoen A, Dermaut L and Verbeeck R. The 
clinical significance of error measurement in 
the interpretation of treatment results. Eur J 
Orthod 2001; 23: 569-578.

[20] Chen Q, Zhang C, Zhou Y. The effects of incisor 
inclination changes on the position of point Ain 
Class II division 2 malocclusion using three-di-
mensional evaluation: a long-term prospective 
study. Int J Clin Exp Med 2014; 7: 3454-60.

[21] Dudic A, Giannopoulou C, Leuzinger M. 
Detection of apical root resorption after orth-
odontic treatment by using panoramic radiog-
raphy and cone-beam computed tomography 
of super-high resolution. Am J Orthod 
Dentofacial Orthop 2009; 135: 434-437.

[22] Patel S, Dawood A, Wilson R. The detection 
and management of root resorption lesions us-
ing intraoral radiography and cone beam com-
puted tomography-an in vivo investigation. Int 
Endod J 2009; 42: 831-838.

[23] Durack C, Patel S, Davies J. Diagnostic accu-
racy of small volume cone beam computed to-
mography and intraoral periapical radiography 
for the detection of simulated external inflam-
matory root resorption. Int Endod J 2011; 44: 
136-147.

[24] Lund H, Gro¨ndahl K and Gro¨ndahl H. Cone 
beam computed tomography for assessment 
of root length and marginal bone level during 
orthodontic treatment. Angle Orthod 2010; 
80: 466-473.

[25] Arvysts MG. Nonextraction treatment of severe 
Class II division 2 malocclusion: part 2. Am J 
Orthod Dentofacial Orthop 1991; 99: 74-84.

mailto:156089794@qq.com

