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Abstract
Background: Root surface area is related to orthodontic force magnitude used to induce alveolar  

bone remodeling with minimize periodontal damage. These detriments are highly concerned especially in anterior 
teeth that often needed to be retracted. Objective: To compare root surface area of maxillary anterior teeth 
between patients with normal overjet and large overjet. Materials and methods: Twelve cone beam computed 
tomography (CBCT) images of each group were used. Three-dimensional construction of each tooth was created 
using Mimics software. The surface area apical to cemento-enamel junction was measured and calculated as  
root surface area using 3-Matic software. The data was analyzed with descriptive analysis. Results: Mean age of  
the patients was 19.75 ± 2.25 years. Mean root surface area of maxillary anterior teeth ranged from 181.32 to  
282.16 mm.2 The mean root surface area of maxillary central incisor, lateral incisor, and canine in normal overjet 
patients were 199, 181 and 249 mm2 respectively. While the mean root surfaces in large overjet patients were 
210, 197, 282 mm2 respectively. Conclusion: The root surface areas of maxillary lateral incisor and canine 
JOÝ MBSHFÝPWFSKFUÝ QBUJFOUTÝXFSFÝ TJHOJÛDBOUMZÝ HSFBUFSÝ UIBOÝ JOÝ OPSNBMÝ PWFSKFUÝ QBUJFOUT�Ý)PXFWFS
Ý UIFSFÝXBTÝOPÝ
TJHOJÛDBOUÝEJGGFSFODFÝJOÝNBYJMMBSZÝDFOUSBMÝJODJTPS�Ý5IFTFÝÛOEJOHTÝQSFTFOUFEÝUIBUÝUIFÝEJGGFSFODFÝPWFSKFUÝQBUUFSOÝ
might associated with the root surface area of maxillary lateral and canine.
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Introduction

Orthodontics is the dental science to move 
UIFÝUFFUIÝUPÝUIFJSÝQSPQFSÝQPTJUJPO�Ý*UÝBMMPXTÝBÝCFUUFSÝ
masticatory distribution and improves cleansing 
BCJMJUZÝJOÝUIFÝPSBMÝDBWJUZ�Ý)FODF
ÝJUÝSFRVJSFTÝBÝNVUVBMÝ
understanding of the treatment plan between 
the dentist and the patient. The main purpose of 
orthodontics is to achieve the desired tooth position 
with the least harm to the periodontal support as it 
could be accomplished by using a light force to conduct 
proper alveolar bone remodeling.1Ý5IFSFGPSF
ÝLOPXJOHÝ
the root surface area needed to move will allow the 
operator to use a proper magnitude of the force to 
minimize side effects such as root resorption, decreased 
BMWFPMBSÝCPOFÝDSFTUÝMFWFM
ÝPSÝHJOHJWBMÝSFDFTTJPO�Ý*UÝIBTÝ
been argued that the relative size of the root(s) may 
indicate a tooth’s resistance to an orthodontic force 
or the anchorage value.2-3 The anterior teeth are 
highly needed to be retracted for a better position or 
aesthetic concern, especially for patients with large 
overjet. As the previous study indicated patients with 
MBSHFÝPWFSKFUÝBSFÝBUÝIJHIFSÝSJTLÝPGÝSPPUÝSFTPSQUJPO�Ý*GÝUIFÝ
large overjet is diagnosed at an early age, interceptive 
orthodontic treatment may aid in improving the overjet 
and overbite at an early and hence enhance dental 
BOEÝQFSJPEPOUBMÝIFBMUI�Ý8FÝDBOÝQSFWFOUÝ UIFÝTFRVFMÝ
to occlusal hypofunction by early interception. Their 
study conveys that careful diagnosis and intervention of 
TVDIÝUZQFÝPGÝNBMPDDMVTJPOÝJTÝSFRVJSFEÝBUÝBOÝFBSMZÝBHF�Ý
-BUFÝJOUFSWFOUJPOÝSFRVJSFTÝFGÛDJFOUÝUSFBUNFOUÝQMBOOJOH�Ý
"EFRVBUFÝEJBHOPTJTÝBOEÝMJHIUFSÝGPSDFÝBQQMJDBUJPOÝTIPVMEÝ
hence be considered while planning the treatment 
of such cases.4�"OEÝ UIFÝFYQFSJNFOUBMÝÛOEJOHTÝ JOÝ SBUÝ
molars have included external root resorption during 
tooth movement, in association with hypofunction.3

*OÝ BÝ WFSUJDBMÝ EJNFOTJPO
Ý 4VUFFSBQPOHQVOÝ BOEÝ 
DP�XPSLFS5 reported that a smaller root surface area 
can be found more often in the anterior open bite 
HSPVQÝ UIBUÝ MBDLTÝ GVODUJPOBMÝ GPSDFÝ PSÝ CJUFÝ GPSDFÝ JOÝ
comparison with the normal overbite group, normal 

functional force. Self6 reported a study that found  
BÝTJHOJÛDBOUÝDPSSFMBUJPOÝCFUXFFOÝCJUFÝGPSDFÝPSÝGVODUJPOBMÝ
force and tooth formation presented by crown shape, 
crown size, root shape, and root length. A larger root 
surface area was observed in harder diets consumer 
bat species. The results from the study indicated that 
the tooth root and crown size varied in response to the 
magnitude of occlusal loads. Determining the relation 
between root size and bite force production supports 
the hypothesis that functional force production may 
have a strong role in inducing root development. 

Normal occlusal loading and function are 
responsible for developing dental root, alveolar bone, 
BOEÝTVQQPSUJOHÝUJTTVF�Ý*UÝQSPWJEFTÝUIFÝSFRVJSFEÝTUJNVMVTÝ
GPSÝ BEFRVBUFÝ SPPUÝ BOEÝ BMWFPMBSÝ CPOFÝ GPSNBUJPO�Ý
Occlusal hypofunction decreases alveolar bone 
NBTT
Ý BDDFMFSBUFTÝ CPOFÝ SFTPSQUJPO
Ý DBVTFTÝ EFÛDJFOUÝ
root development, and leads to atrophic changes 
in the periodontal ligament, such as narrowing of 
the periodontal space, vascular constriction, and 
deformation of the mechanoreceptors. According 
UPÝ FYQFSJNFOUBMÝ ÛOEJOHTÝ QFSGPSNFEÝ POÝ SBUÝNPMBST
Ý
external apical root resorption was associated with 
hypofunction, and atrophic changes were seen in 
the periodontium.7-11 Several previous studies have 
reported that individuals with anterior open bite had 
a tendency to develop short dental roots from the 
incisors to the premolars that could be associated 
with occlusal hypofunction or loss of occlusal contact.4

*OÝBÝIPSJ[POUBMÝEJNFOTJPO
ÝUIFÝBNPVOUÝPGÝBOUFSJPSÝ
overjet is associated with anterior functional force while 
DIFXJOH�Ý*OÝUIFÝDBTFÝPGÝQBUJFOUTÝXJUIÝMBSHFÝPWFSKFUÝPGÝ
more than 4 mm, no incisor contact, and less anterior 
function is observed in most patients. We presumed 
that they may have diminished occlusal force induced 
in anterior teeth in comparison with a patient with 
normal overjet. The difference in occlusal force level 
may result in a difference root surface area related 
to length and size of dental root formation apart of 
gender, race, age, etc.

Suchada L imsi r iwong, e t a l .14 �Ñ å Þ æ � Ç � Ì ï ñ å ì á � Ó ì é « ® ± � Ë ì « ® � ¯ ­ ¯ ±



*OÝ UIFÝ QBTU
Ý UIFÝ SPPUÝ TVSGBDFÝ BSFBÝ DPVMEÝ
CFÝ NFBTVSFEÝ CZÝ NBOVBMMZÝ JOEJSFDUÝ UFDIOJRVFÝ
measurement from cadaver’s teeth or extracted 
UPPUIÝTVDIÝBTÝNFNCSBOFÝUFDIOJRVF
12 Sectional Lucite 
CMPDLÝXJUIÝ�%ÝDPNQVUFSÝQMPU�13 The process of data 
DPMMFDUJPOÝXBTÝEJGÛDVMU
ÝUIPSOZ
ÝBOEÝNPSFÝDIBODFÝPGÝ
error. Nowadays by importing cone beam computed 
tomography (CBCT) image into simulation software  
BTÝ.JNJDÝBOEÝ��.BUJDÝ UPÝDPOWFSUÝ UIFÝ%JHJUBMÝ *NBHJOHÝ
BOEÝ $PNNVOJDBUJPOTÝ JOÝ .FEJDJOFÝ 	%*$0.
Ý GPSNBUÝ
to the Stereolithography (STL) format. The software  
were utilized to calculate root surface area without 
prior tooth extraction.5,14-15

Concerning about orthodontic force applied 
for orthodontic tooth movement, determined by the 
average of  the root surface area of each tooth type, but 
had no report about same tooth type with difference 
functional condition. So the objective of this study is 
to compare the root surface area of maxillary anterior 
teeth between the patient with normal functional 
condition (normal overjet) and diminished functional 
condition (large overjet).

ÊÞñâïæÞé�Þëá�êâñåìá�

This study was approved by the Ethics Review 
Board of Rangsit University (COA. No. RSUERB2019-016). 
All participants provided informed consent before 
participating in this study.

The sample size was calculated using G*Power 
program16 to detect the mean difference between 
two independent groups with an effect size of 0.8 at  
BÝTJHOJÛDBODFÝMFWFMÝPGÝт = 0.05, and the power of test  
(1-у
Ý �Ý ����Ý 5IFÝ DBMDVMBUJPOÝ SFRVJSFEÝ BUÝ MFBTUÝ ��Ý 
samples for each tooth type group. Each CBCT image 
contained right and left sides of three tooth type of 
upper anterior teeth. Therefore, this study utilized 24 
tooth/each tooth type (central incisor, lateral incisor 
and canine) from the subjects with normal and large 
overjet.

The CBCT image was selected from data base 
UBLFOÝ JOÝ +VMZÝ ����Ý VOUJMÝ +VMZÝ �����Ý 1SF�USFBUNFOUÝ 
CBCT images of twelve Thai orthodontic patients with 
normal overjet (overjet between 2-4 mm) and twelve 
patients with large overjet (overjet > 4 mm) were 
enrolled in the study.

Each tooth had to fulfill the following conditions:

1) Patient’s age ranges from 18 to 25 years.
2) The root must be completely developed. 

 3) The root should not deviate from the normal 
shape.

4) Non-occluded anterior teeth in large overjet 
patients group.

5) No history of orthodontic treatment.
6) No presence of severe craniofacial anomalies.
7) No presence of periapical or bone lesion in 

radiographic image.
8) No previous trauma in the upper anterior 

region.

Creating research tools

All CBCT images were produced using a ProMax 
�%ÝNBDIJOFÝ	1MBONFDBÝ0:
Ý)FMTJOLJ
Ý'JOMBOE
ÝBUÝ��ÝL7Q
Ý
��ÝN"
ÝPOÝBOÝ�ë�ÝDNÝÛFMEÝPGÝWJFX
ÝBOEÝBÝWPYFMÝTJ[FÝ 
of 0.16 mm. All images were categorized by types of 
teeth as follows: maxillary central incisor, maxillary 
lateral incisor, and maxillary canine. Subjects were 
positioned in the cephalostat and horizontal occlusal 
plane.

&BDIÝ$#$5ÝJNBHFÝXBTÝDPOWFSUFEÝGSPNÝBÝ%*$0.Ý
format to an STL format by Mimics software (version 
15.01, Materialise, Leuven, Belgium), which allowed 
the production of 3-dimensional photographs. All 
crowns and roots of the anterior maxillary teeth 
(central, lateral, canine) were subtracted from the 
SFTUÝ PGÝ UIFÝ TLVMMÝ CZÝNBOVBMMZÝ SFNPWJOHÝ UIFÝ QJYFMTÝ
of supporting structures from sagittal, coronal, 
and axial planes (Figure 1). Once each tooth was  
TVCUSBDUFEÝJOUFOUJPOBMÝFYUFOTJPOÝTQJOFÝNBSLJOHTÝXFSFÝ
added manually to identify the Cemento-enamel 
junction (CEJ) after 3-dimensional dental reconstruction.
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Data Collection

Each 3-dimensional dental image was labeled 
on the CEJ, followed by intentional extension spine 
NBSLJOH�Ý "MMÝ JNBHFTÝ XFSFÝ UIFOÝ FYQPSUFEÝ UPÝ BOEÝ
measured, one by one, the surface area apical to the 
$&+ÝUPÝEFÛOFÝUIFÝSPPUÝTVSGBDFÝBSFBÝCZÝ��.BUJDÝTPGUXBSFÝ
(version 7.01, Materialise, Leuven, Belgium) (Figure 2). 
The root surface area of each selected tooth was 
measured twice to determine the value.

Data Analysis

All data was tested for normality. The errors of 
the method and the reliability of the measurements 
were tested. Twenty-four CBCT images of maxillary 
jaws were randomly selected and re-measured by 
UIFÝ TBNFÝ FYBNJOFSÝ JOÝ BÝ GPVS�XFFLÝ JOUFSWBM�Ý 5IFSFÝ
XBTÝ FYDFMMFOUÝ SFMJBCJMJUZÝ CFUXFFOÝ UIFÝ ÛSTUÝ BOEÝ UIFÝ
second root surface area measurements by the same 
examiner as calculated by the intraclass correlation 
DPFGÛDJFOUÝNPSFÝ UIBOÝ�����Ý 4144Ý WFSTJPOÝ ����Ý 	4144Ý
*OD�
Ý$IJDBHP
Ý *MMJOPJT
Ý64"
ÝXBTÝVTFEÝ UPÝBOBMZ[FÝ UIFÝ
EBUBÝCZÝEFTDSJQUJWFÝBOBMZTJTÝUPÝEFÛOFÝUIFÝNFBOÝBOEÝ
standard deviation of all measurements. The results 
XFSFÝ DPOTJEFSFEÝ UPÝ CFÝ TUBUJTUJDBMMZÝ TJHOJÛDBOUÝ BUÝ 
P < 0.05. A paired t-test was applied in the analysis to 
evaluate the difference between measurements on 
the right and the left sides. An independent t-test was 

Figure 1 Digital imaging and Communication in Medicine 
	%*$0.
ÝEBUBTFUÝPGÝUIFÝQBUJFOUTÝXFSFÝJNQPSUFEÝJOUPÝ
.JNJDTjÝ*OOPWBUJPOÝ4VJUFÝ�����ÝBOEÝSFDPOTUSVDUFEÝ
into 3-dimensional images.

also used to compare the mean values of all collected 
measurement from patients with normal overjet  
(2-4 mm) and large overjet (> 4 mm).

Ïâðòéñ�

The mean age of the patients was 19.75 ± 2.25 
years. The t-test analysis between left and right sides  
of central incisor, lateral incisor and canine is P = 
0.022, P = 0.188, and PÝ�Ý�����
ÝSFTQFDUJWFMZ�Ý*U¿TÝTIPXÝ
there have no difference between left and right lateral 
JODJTPSÝBOEÝDBOJOFÝCVUÝUIFZÝIBWFÝTJHOJÛDBOUÝEJGGFSFODFÝ
between left and right central incisal. The mean and 
standard deviation of the root surface area of maxillary 
central incisor, lateral incisor, and canine in normal 
overjet patients were 199.06 ± 20.43, 181.32 ± 23.42,  
and 249.01 ± 46.01 mm2 respectively along with  
210.37 ± 31.89, 197.70 ± 28.63, 282.16 ± 54.51 mm2 

respectively in large overjet patients (Table 1). 

The result showed the mean root surface area of 
maxillary anterior teeth ranged from 181.32 to 282.16 
mm2 The largest root surface area was observed in the 
canine of patients with large overjet (282.16 ± 54.51 
mm2) while the smallest root surface area was observed  
in the lateral incisors of normal overjet patients  
(181.32 ± 23.42 mm2).

Figure 2 The root surface area of each 
tooth is calculated using the 
3-Matic software (green area)
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Figure 3 Box plot showed root surface area of maxillary anterior 
teeth in normal and large overjet patients.

The root surface area of maxillary anterior teeth 
JOÝBÝQBUJFOUÝXJUIÝMBSHFÝPWFSKFUÝXBTÝTJHOJÛDBOUMZÝHSFBUFSÝ
than those in normal overjet in those of lateral incisor 
and canine (P = 0.035 and P = 0.027 respectively, Figure 
�
�Ý #VUÝ UIFZÝ IBEÝ OPÝ TJHOJÛDBOUÝ EJGGFSFODFÝ JOÝ DFOUSBMÝ
incisor.

Discussion

Our CBCT-based investigation indicated that 
UIFÝNBYJMMBSZÝ DBOJOFÝ BDRVJSFEÝ CPUIÝ HSPVQT¿Ý MBSHFTUÝ
root surface area and the smallest root surface area 
observed in the maxillary lateral incisor as same as 
the previous studies.2,4-5 )PXFWFS
Ý XIFOÝ DPNQBSFEÝ

Table 1 The root surface area of each type of maxillary anterior teeth

Tooth type Overjet N
Min  

(mm2)

Max 

(mm2)

Mean 

(mm2)

Standard 

deviation

Central 

incisor

Normal 24 160.49 230.68 199.06 20.43

Large 24 168.91 277.17 210.37 31.89

Lateral 

incisor

Normal 24 142.55 219.62 181.32 23.42

Large 24 155.73 262.42 197.70 28.63

Canine Normal 24 163.25 322.29 249.01 46.01

Large 24 201.52 389.02 282.16 54.51

between the normal and large overjet groups, the 
mean root surface area of anterior teeth in the large 
overjet group is greater than the normal one. This 
ÛOEJOHÝ XBTÝ JOÝ DPOUSBTUÝ XJUIÝ UIFÝ TUVEZÝ POÝ WFSUJDBMÝ
problems by Suteerapongpun,5 as we presumed that 
due to less occlusal contact, the anterior function 
in the large overjet group should be diminished 
as in open bite patients. Suteerapongpun’s study  
has concluded that the root surface area of anterior 
teeth in the open bite patients is smaller than the 
normal bite group. Their study pointed out our 
XFBLOFTTÝJOÝUIFÝDMJOJDBMÝEBUBÝJOTVGÛDJFODZÝGSPNÝGBJMJOHÝ
to follow up on the patient’s functional masticatory 
records. Additional factors, including those that affect 
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mastication or a force-induced root formation,6,17 such 
as patients’ dental habits that encourage anterior 
protrusion causing large overjet, should also be 
considered. 

*OÝMBSHFÝPWFSKFUÝQBUJFOUT
ÝUIFÝQSPUSVEFEÝMBUFSBMÝ
incisor and canine position may induce a longer root 
length than in normal overjet patients. Longer root 
length could lead to a larger root surface area, as 
observed in this study. Further investigation the root 
MFOHUIÝNFBTVSFNFOUÝJTÝSFDPNNFOEFEÝUPÝDPOÛSNÝUIFTFÝ
IZQPUIFTFT�Ý *OÝ DPOUSBTU
Ý TFWFSBMÝ TUVEJFT4,11 reported  
that patients with anterior open bite tended to develop 
short anterior dental roots and it was related to small 
root surface area supported Suteerapongpun’s study 
therefore, disclose the case our hypothesis based 
on the reported result of open bite patients was 
not achieved and the result was coming out in the 
opposite way. Many studies reported that important 
confounding factors such as gender, race, and patient 
age (regarding root development) can affect the root 
surface area. For instance, gender-related differences in 
the root surface area of maxillary canines are larger in 
males than in females.18-19 Therefore, we hypothesize 
UIBUÝSPPUÝWBSJBUJPOTÝNBZÝJOÜVFODFÝUIFÝWBMVFÝPGÝ34"�Ý
This was further potentiated by the meta-analysis 
QFSGPSNFEÝCZÝ)VKPFMÝJOÝXIJDIÝTJHOJÛDBOUÝIFUFSPHFOFJUZÝ
was noted in various samples under investigation.20 
So, we designed to collect the sample between two 
groups with similar age, number in gender, and racial 
CBDLHSPVOETÝUPÝSFEVDFÝUIFTFÝDPOGPVOEJOHÝGBDUPST�Ý"MMÝ
anterior teeth from central to canine of all subjects 
were used to reduce selection bias. The measurement 
UFDIOJRVFÝXFÝ VTFEÝXBTÝ QSPWFEÝ CZÝ 5BTBOBQBOPOU15 
and the high-reliability score reported shows less 
measurement bias in our method. 

From our study, the root surface area of the 
DFOUSBMÝ *ODJTPSÝ TIPXTÝ BÝ OPO�TJHOJÛDBOUÝ EJGGFSFODFÝ
between normal and large overjet groups. From our 
point of view, we can discuss it in two ways. Focus on 
form and function theory; the central incisor usually 
has incisor contact while cutting and tearing food 

or some purposes, even in patients with normal or 
large overjet because the forward movement of the 
mandible is allowed. With similar function and force 
stimulation in both groups, the root forming and 
FMPOHBUJOHÝTIPVMEÝOPUÝCFÝEJGGFSFOU
ÝTPÝXFÝDBOOPUÝÛOEÝ
the difference in root surface area in this tooth type. But 
in another way, from statistical analysis, showed some 
differences between the samples on the left and right 
TJEFTÝSFQSFTFOUJOHÝDFOUSBMÝ*ODJTPS�Ý5IFSFGPSF
ÝUIFÝSFTVMUTÝ
of this tooth type have decreased in reliability. So we 
suggested that the sample size should be increased 
to reduce the standard deviation and increase the 
reliability of the study, and should possibly recruited 
from the population in every region of Thailand to 
represent the entire country's population.

Greater root surface areas of the lateral incisor 
and canine in the large overjet group are contrary to 
the study reported about the occlusal function related 
to dental root length and surface area due to the 
loss of functional contact in patients with the anterior 
open bite group. They concluded that normal occlusal 
loading induced normal development of periodontal 
tissue and root structure, especially in root length 
and root shape, and said that individuals with anterior 
open bite had a tendency to develop short dental 
roots.4,11 But our study is the early paper found that 
the root surface area of maxillary lateral and canine 
in patients with large overjet are greater than in the 
normal overjet group. 

Several previous studies have reported that 
individuals with anterior open bite had a tendency 
to develop short dental roots from the incisors to 
the premolars that could be associated with occlusal 
hypofunction or loss of occlusal contact.4,11

)FODF
Ý IZQPUIFTJ[FEÝ UIBUÝ UIFÝ TUJNVMVTÝ PGÝ
normal occlusal function is responsible for normal 
SPPUÝEFWFMPQNFOU�Ý5IFÝÛOEJOHTÝPGÝUIJTÝTUVEZÝJOEJDBUFÝ
that patients with large overjet may have some 
EJGGFSFODFTÝJOÝSPPUÝTVSGBDFÝBSFB�Ý*GÝBÝÛOBMÝMBSHFÝPWFSKFUÝ
is diagnosed early, interceptive orthodontic treatment 
may aid in improving the overjet and overbite early, 

Suchada L imsi r iwong, e t a l .18 �Ñ å Þ æ � Ç � Ì ï ñ å ì á � Ó ì é « ® ± � Ë ì « ® � ¯ ­ ¯ ±



enhancing dental and periodontal health and habit.4 
-BUFÝJOUFSWFOUJPOÝSFRVJSFTÝFGÛDJFOUÝUSFBUNFOUÝQMBOOJOH�Ý
QBUJFOUTÝ XJUIÝ MBSHFÝ PWFSKFUÝ PSÝ $MBTTÝ **Ý EJWJTJPOÝ �Ý
malocclusion may have larger dental root surface area 
JOÝMBUFSBMÝJODJTPSTÝBOEÝDBOJOFT�Ý"EFRVBUFÝEJBHOPTJTÝBOEÝ
orthodontic force application should be considered 
while planning the treatment of such cases. 

*OÝ DBTFÝ PGÝ -BSHFSÝ SPPUÝ TVSGBDFÝ BSFB
Ý IFBWJFSÝ
PSUIPEPOUJDÝ GPSDFÝ SFRVJSFEÝ GPSÝ UPPUIÝ NPWFNFOU�Ý
Root resorption can be due to heavy loading forces, 
FYDFTTJWFMZÝ QSPDMJOFEÝ UFFUIÝ EVFÝ UPÝ JOFGÛDJFOUÝ
distribution of forces along the root, and trauma from 
occlusion. This states that altered biomechanics will 
CFÝ SFRVJSFEÝ GPSÝ USFBUNFOUÝ QMBOOJOHÝ JOÝ TVDIÝ DBTFT�Ý
Proper force magnitude is used to bring about tooth 
NPWFNFOU
ÝBOEÝUIFÝCSBDLFUÝJTÝQPTJUJPOFEÝNPSFÝHJOHJWBMÝ
to maintain the normal biomechanical application of 
forces. Careful application of forces to avoid further 
root resorption is necessary. Excessive uncontrolled 
contraction forces are to be avoided.11

The root surface area of upper anterior teeth 
SFQPSUFEÝJOÝUIJTÝTUVEZÝDBOÝCFOFÛUÝGVSUIFSÝTUVEJFTÝBOEÝ
clinical decisions. The dentist and researcher can use 
this result to select the amount of orthodontic force 
for patients with different overjet patterns to avoid 
unwanted side effects during orthodontic treatment 
such as root resorption and pulpitis.

Àìëàéòðæìë

The root surface area measured in CBCT images 
JOÝUIFÝMBSHFÝPWFSKFUÝQBUJFOUTÝXBTÝTJHOJÛDBOUMZÝHSFBUFSÝ
than in normal overjet patients in the maxillary lateral 
incisor and canine, aside from the central incisor with 
OPÝTJHOJÛDBOUÝEJGGFSFODFÝCFUXFFOÝUIFÝUXPÝHSPVQT�Ý

¾òñåìï�àìëñïæßòñæìëð

SL: Conceptualization, Methodology, Software, 
7BMJEBUJPO
Ý'PSNBMÝBOBMZTJT
Ý*OWFTUJHBUJPO
Ý3FTPVSDFT
Ý%BUBÝ
Curation, Writing-Original Draft, Writing-Review & Editing, 
7JTVBMJ[BUJPO
Ý4VQFSWJTJPOÝBOEÝ1SPKFDUÝBENJOJTUSBUJPO�Ý
,,�Ý4VQFSWJTJPOÝBOEÝ1SPKFDUÝBENJOJTUSBUJPO�Ý$)
Ý3*ÝBOEÝ
"7�Ý'VOEJOHÝBDRVJTJUJPO
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