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Abstract 
A previous study reported that the root surface areas (RSA)  of the maxillary central and lateral incisors were substantially 

smaller in patients with anterior open bite malocclusion. However, the RSA of permanent mandibular teeth in patients with anterior 
open bite malocclusion has never been explored.  The objective of this study was to investigate the RSA of permanent mandibular 
teeth in patients with anterior open bite malocclusion. Cone-beam computed tomography (CBCT) images of permanent mandibular 
teeth were selected from sixteen patients with anterior open bite malocclusion and sixteen patients with an anterior normal overbite. 
Mimics research software was used to construct three-dimensional tooth models from the CBCT images. 3-Matic Research software 
was employed to calculate the RSA. An independent t-test (p < 0.05) was used to compare the RSA of each tooth type. From the 
permanent mandibular central incisor toward the permanent mandibular second premolar, the means of RSA were significantly 
lower in the anterior open bite group than in the anterior normal overbite group.  Anterior open bite malocclusion may affect the 
RSA in all permanent mandibular teeth except in permanent mandibular molars. 

Keywords: Root surface area, Anterior open bite, Cone-beam computed tomography, Occlusal hypofunction, Orthodontic treatment 

Introduction 

Previous studies provided interesting information about the anterior open bite. Anterior open bite is a type of 
malocclusion in which the anterior teeth have no incisal contact while the upper and lower posterior teeth are 
touching (Mizrahi, 1978) .  The prevalence of anterior open bite malocclusion depends on race and dental age 
and usually ranges between 1.5%  and 11% ( Lin, Huang, & Chen, 2013; Ng, Wong, & Hagg, 2008) .  An 
anterior open bite can be classified into three groups:  dentoalveolar open bite, skeletal open bite, and a 
combination of both ( Uribe, Janakiraman, & Nanda, 2015) .  It has also been reported that patients with an 
anterior open bite and a high mandibular plane angle tended to have lower root- per- crown ratios and shorter 
root lengths from incisors to premolars (Yun, Jeong, Pang, Kwon, & Jung, 2014). 

Root surface area ( RSA) , the contact area between the dental root and surrounding bone, is an important 
factor in planning various dental treatment procedures, including orthodontic treatment.  The RSA dimension 
depends on bone height and characteristics of the dental root, including tooth size, root length, root morphology, 
root trunk width, root diameter, and amount of roots (Gu et al., 2016; Pan et al., 2004). In previous studies, 
RSA was measured using the membrane measuring technique, the weighting conversion technique, the division 
planimetry technique, and the Three- dimensional ( 3 D)  laser scanning technique.  The disadvantages of these 
methods include inaccuracy, imprecision, complicated measuring procedures, and the need for tooth extraction 
before RSA measurements (Hujoel, 1994). Numerous research projects are currently being conducted to develop 
more efficient and convenient methods for RSA measurement.  CBCT can be used for RSA measurement to 
overcome the limitations of previous methods.  By constructing 3 D images with CBCT, RSA can be measured 
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with high accuracy and without tooth extraction. Thus, the CBCT measuring technique is an appropriate method 
for calculating RSA in non-extraction teeth. 

Recent studies showed that the RSAs of the permanent maxillary central and lateral incisors were significantly 
lower in patients with anterior open bite malocclusion than in those with the anterior normal overbite by the 
CBCT technique (Suteerapongpun, Sirabanchongkran, Wattanachai, Sriwilas, & Jotikasthira, 2017). However, 
no research has investigated the RSA of permanent mandibular teeth in patients with anterior open bite 
malocclusion. The purpose of this study was to evaluate and compare the RSA of permanent mandibular teeth in 
patients with anterior open bite malocclusion to patients with an anterior normal overbite. 

 
Methods and Materials 

 
Subjects and image acquisition 

This study was approved by the Human Experimentation Committee of the Faculty of Dentistry, Chiang Mai 
University, Thailand (No. 52/2019).  

To determine the minimal sample size required, a pilot study was performed. The sample size calculation was 
performed with G*Power (version 3.1.9.4, University of Kiel, Germany) software. Taking into account a power 
of 80% and a significance level of 5%, the final sample consisted of 14 individuals per group. The study subjects 
were Thai patients between 15 and 30 years old who had received orthodontic treatment and required pretreatment 
cone- beam computed tomography ( CBCT)  images for diagnosis and treatment plan at the Department of 
Orthodontics and Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University ( Table 1) .  All patients had 
developed entire roots for all permanent mandibular teeth ( excluding third molars)  and had never received 
orthodontic treatment.  

 
Table 1 Gender and Age distribution by subject group  

 
All CBCT images of permanent mandibular teeth were captured with a GiANO ( NewTom, Verona, Italy) 

CBCT unit at 90 kVp, 10 mA, a 0.15 mm voxel size, and an 11 cm x 8 cm field of view, and lateral 
cephalometric radiographs were taken using a GiANO (NewTom, Verona, Italy). 

The lateral cephalometric radiographs were taken at maximum intercuspation with lip seal in the rest position 
and Frankfort horizontal plane according to the natural head position and were traced digitally using commercially 
available software ( Dolphin imaging version 11.9, Dolphin Imaging & Management Solutions, Chatsworth, 

Groups N Females Males 
Age (Years) 

Minimum Maximum Mean 
Anterior open 

bite 
16 10 6 16.67 29.42 22.23 + 

4.08 
Anterior 
normal 
overbite 

16 6 10 15.92 30.00 22.56 + 
3.72 

Total 32 16 16 15.92 30.00 22.39 + 
3.84 
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Calif). Patients were classified into two groups using the method described previously (Kuharattanachai et al., 
2022; Suteerapongpun et al. , 2017) .  Six cephalometric measurements were analyzed:  (1)  the sella- nasion 
(SN) to gonion-gnathion (GoGn) angle; (2) the SN to palatal plane (PP) angle; (3) the PP-GoMe angle; (4) 
the gonial angle; (5) the facial index; and (6) the ratio of posterior to anterior face height. When three or more 
measurements indicated an open vertical skeletal configuration, patients were classified as having an open vertical 
skeletal configuration.  If four or more parameters demonstrated normal vertical skeletal configuration, subjects 
were classified as having normal vertical skeletal configuration. The anterior open bite group had an open vertical 
skeletal configuration and an anterior open bite.  The normal overbite group had normal vertical skeletal 
configuration and anterior normal overbite.  Exclusion criteria for both groups were the presence of craniofacial 
anomalies, signs of root resorption, severe periodontitis or periapical lesion in radiographs, embedded tooth, 
variation of tooth morphology or pathology, and systemic conditions.  

Measurement of the root surface area 

CBCT images of permanent mandibular teeth in patients with anterior open bite and anterior normal overbite 
in the digital imaging and communications in medicine (DICOM) file format were imported into Mimics Research 
version 15.01 and 3-Matic Research version 7.01 (Materialism, Leuven, Belgium) to calculate RSA (Figures 
1 and 2) following the previously described method by Suteerapongpun et al.  (2017). Images were properly 
aligned in the axial, coronal, and sagittal planes. New masks were created for the tooth. A mask of the areas of 
interest was created by predefining threshold values.  The masks were then trimmed using the " crop mask tool" 
in all three dimensions.  The specified tooth was segmented using the software's segmentation tool.  Using the 
" multiple slice editing tool,"  templates were identified manually for the segmentation and separation of 
surrounding structures for each slice in each plane. The regions identified during the "multiple slice editing phase" 
were expanded during the "region growing phase" so that the tooth could be completely distinguished. When the 
" Calculate 3D"  function was activated, 3D tooth models were finally generated ( Figure 1) .  To separate the 
crown from the root, the cementoenamel junction was marked using the "Create curve" function. Using 3-Matic 
Research version 7. 01 ( Materialism, Leuven, Belgium) , the crown and root surfaces of each tooth were 
calculated automatically. The final segmented image of the root surface area is shown in Figure 2.  

All CBCT images were measured again after 4 weeks by the same examiner to assess intraobserver reliability. 
Statistical analysis 
The intraclass correlation coefficient ( ICC)  was employed to test the intra- examiner reliability.  The mean 

and standard deviation of RSA were obtained using descriptive analysis. All data were subjected to the Shapiro–
Wilk test to determine their normality. The independent t-test was implemented to compare the mean differences  
in RSA between the anterior open bite group and the anterior normal overbite group. The results were considered 
statistically significant at p < 0.05. 
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Figure 1  Coronal view (A), axial view (B), and sagittal view (C) of a two-dimensional picture of the tooth boundaries acquired 
from the Mimics Research program version 15.01. They are used to generate a three-dimensional tooth model (D) 

 

Figure 2 To measure the root surface area, the cementoenamel junction is identified using a dental image extracted from the 3-
Matic Research program version 7. 01.  The green region in (A)  represents the root surface area, whereas the green 
region in (B) is the total surface area of the tooth (crown and root) 

 
Results 

 
All subjects in both groups had a Class I skeletal pattern (ANB angle 0°–4°) (Table 2). In this study, of 

the 16 subjects in the anterior open bite group, 13 subjects had an open bite from canine to canine, and 3 
subjects had an open bite from second premolar to second premolar.  For RSA measurement, a high level of 
reproducibility in measurement was shown with a high intra- class correlation ( r =  0.997)  from the intra-
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examiner reliability test.  The RSA in both groups was normally distributed and no statistically significant 
difference was observed between the right and left sides.  For statistical analysis, the measurements from both 
sides were averaged. 

 
Table 2 Average of cephalometric measurements in the anterior open bite group and the anterior normal overbite group  

 
The means and standard deviations of the RSA of permanent mandibular teeth ranging from the mandibular 

central incisor to the mandibular second molar in the anterior open bite group were 130.32 ± 15.02, 151.92 
± 18.52, 223.58 ± 35.40, 188.89 ± 24.24, 181.85 ± 21.66, 368.84 ± 66.89, and 310.49 ± 52.23 
mm2, respectively.  The means and standard deviations of the RSA of permanent mandibular teeth from the 
mandibular central incisor to the mandibular second molar in the anterior normal overbite group were 143.72 ± 
17.41, 169.99 ± 22.44, 250.32 ± 38.26, 211.23 ± 33.20, 202.65 ± 29.43, 408.23 ± 58.00, and 
344.18 ± 50.84 mm2, respectively. Both groups demonstrated a similar trend, with the permanent mandibular 
first molar having the highest and the permanent mandibular central incisor having the lowest RSA, whereas the 
anterior open bite group’ s means of RSA for the permanent mandibular central incisor, permanent mandibular 
lateral incisor, permanent mandibular canine, permanent mandibular first premolar, and permanent mandibular 
second premolar were substantially lower than those of the anterior normal overbite group (p < 0.05) (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 3 The bar graph compares the root surface area of permanent mandibular teeth ( 1Differences between groups are derived from 
the root surface area of the anterior open bite group minus that of the anterior normal overbite group.  2Significance levels:  p < 
0.05)  

Cephalometric measurements Norm Anterior open bite Anterior normal overbite 
SN-GoGn (°) 30.00 + 5.60 38.47 + 3.71 30.09 + 3.50 
SN-PP (°) 9.00 + 3.00 0.88 + 2.95 -0.81 + 3.77 

PP-GoMe (°) 21.00 + 5.30 33.13 + 3.43 27.31 + 3.92 
Gonial angle (°) 118.00 + 6.10 124.50 + 4.58 122.41 + 3.15 

UAFH/LAFH (%) 81.00 + 6.50 74.69 + 2.99 81.44 + 7.79 
PFH/AFH (%) 65.00 + 2.90 60.75 + 2.68 66.41 + 2.89 

ANB (°) 2.00 + 2.00 2.34 + 1.29 2.41 + 1.32 
U1-NA (°) 22.00 + 5.90 30.34 + 5.58 30.56 + 5.23 
L1-NB (°) 30.00 + 5.60 33.63 + 7.55 31.03 + 5.48 
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Discussion 

 
The RSA is one of the crucial considerations in planning various dental treatment procedures, including 

orthodontic treatment.  The objective of this study was to analyze and compare the RSA in the permanent 
mandibular teeth of patients with anterior open bite malocclusion and anterior normal overbite, assessed using 
CBCT images.  

Previously, RSA measurement was performed using the two-dimensional assessment technique, providing a 
high probability of measurement error, such as distortion of measuring materials, dimensional change in the tooth 
models, destruction of tooth structures, inability of the horizontal sectioning to conform to the curve of the 
cementoenamel junction and the need for tooth extraction before RSA measurement (Mowry, Ching, Orjansen, 
Cobb, Friesen, MacNeill, & Rapley, 2002; Tasanapanont, Apisariyakul, Tanapan Wattanachaii, Sriwilas, 
Midtbø, & Jotikasthira, 2017) .  Several recent studies have shown that CBCT images provide a high level of 
accuracy to overcome the inaccuracies described above for tooth segmentation and RSA calculation 
(Suteerapongpun et al., 2017; Suteerapongpun, Sirabanchongkran, Wattanachai, Sriwilas, & Jotikasthira, 2018; 
Tasanapanont et al., 2017). Voxel size is another crucial aspect of CBCT images that must be carefully chosen 
because it will affect the X-ray imaging quality. For the accuracy of this study, a voxel size of 0.15 mm was 
chosen (Sang, Hu, Lu, Wu, Li, & Tang, 2016).  

The subjects in this study were adult patients with Class I skeletal relationships, aged between 15 and 30 
years old ( Table 1) , and with no dental root anomalies.  All permanent mandibular teeth are supposed to have 
completed roots by the time a person is 15 years old, except for the third molars (Priya et al. , 2015; Studen-
Pavlovich & Vieira, 2019) .  An epidemiological study among individuals between the ages of 31 and 44 
revealed a high prevalence of periodontal diseases ( Mamasoliyevna, 2023) .  Therefore, the age range for the 
subject recruitment in this study was 15 to 30 years old.  Furthermore, to avoid dental root anomalies, subjects 
with craniofacial anomalies ( Hypoparathyroidism, Down syndrome, Turner syndromes, etc. ) , head and neck 
irradiation or chemotherapy of childhood malignancies during tooth development, previous orthodontic treatment, 
dental trauma, severe periodontitis, embedded tooth, and periapical lesion on radiograph were excluded.  

Root morphology is one of the factors that affect RSA measurement.  Concerning the influence of variation 
in root morphology among individuals, the root morphology should be the same in each tooth type, from the 
permanent mandibular central incisor to the permanent mandibular second premolar, except for the permanent 
mandibular first molar and second molar. The permanent mandibular first molar in the open bite group had three 
3- rooted and twenty- nine 2- rooted, but five 3- rooted and twenty- seven 2- rooted in the normal overbite 
group, respectively. According to Gu et al. (2016), the root variation of the permanent mandibular first molar 
was variable, they found two root types:  3- rooted and 2- rooted.  The RSAs of these two were not different 
because of the small size of the extra root in the 3- rooted one.  For the permanent mandibular second molar, 
there were twelve C- shaped roots and twenty 2- rooted roots in both groups.  Gu et al.  ( 2016)  also show a 
more than 20% decrease in the mean RSA of C- shaped mandibular second molars in comparison with that of 
typical 2- rooted molars.  Therefore, it can be postulated that the root morphology might not influence the 
comparison of RSA in both groups of subjects. 
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Normal occlusal loading is a key factor in maintaining the health of periodontal tissues. It has been suggested 
that functional occlusion is essential for the normal developmental response of dental roots, alveolar bone, and 
supporting structures ( Hayashi, Hayashi, & Kawata, 2016; Motokawa et al. , 2013) .  It was reported that 
occlusal hypofunction may cause abnormal root shape, decreased dental root volume, increased pulp cavity 
volume (Kuharattanachai et al., 2022), atrophic changes in the alveolar bone proper and periodontal ligament, 
such as periodontal space narrowing, collagen fiber disorientation ( Kaneko, Ohashi, Soma, & Yanagishita, 
2001) , and vascular constriction (Sringkarnboriboon, Matsumoto, & Soma, 2003). So it can affect the point 
of force application in orthodontic tooth movement due to changes in the location of the center of resistance 
( Kuharattanachai, Rangsri, Jotikasthira, Khemaleelakul, & Tripuwabhrut, 2022) .  Long and narrow roots and 
external root resorption were observed in occlusal hypofunction conditions during tooth movement in rats 
(Motokawa et al., 2013; Sringkarnboriboon et al., 2003).  

Anterior open bite is a malocclusion in which the anterior teeth have no incisal contact while the upper and 
lower posterior teeth are in contact ( Mizrahi, 1978) .  Uehara, Maeda, Tomonari, and Miyawaki ( 2013) 
compared the root length of individuals with an anterior open bite to those with an anterior normal overbite 
group.  They reported that the anterior open bite tends to develop short dental roots from the incisors to the 
premolars in the maxillary and mandibular teeth.  In addition, they described that the occlusal hypofunction and 
atrophic changes in the periodontal ligament could influence root length. However, they stated the limitations of 
panoramic radiographs and suggested further research using CBCT. On CBCT images, Arriola-Guillen Arriola-
Guillén, Valera-Montoya, Rodríguez-Cárdenas, Ruíz-Mora, Castillo, and Janson (2020) discovered that there 
was no significant difference in the root length of maxillary incisors between subjects with and without an anterior 
open bite group; however, there were significant differences in the root length of mandibular lateral incisors, 
indicating that individuals with an anterior open bite have longer root lengths than the normal overbite groups. 
Furthermore, it is important to note that length and area measurements are distinct.  A narrower and longer root 
may contain a smaller area, while a wider and shorter root may contain a larger area.  Consequently, area and 
length measurements must be independently and carefully evaluated. However, these results of this identify only 
the root length and do not evaluate the RSA. 

Suteerapongpun et al.  ( 2017)  compared the RSA of permanent maxillary teeth in anterior open bite and 
anterior normal overbite groups using CBCT images.  They reported that the RSA of the permanent maxillary 
central and lateral incisors were smaller in the open bite group. However, no research has been conducted on the 
RSA of permanent mandibular teeth in individuals with an anterior open bite.  The findings of the current study 
indicate that the RSA from the permanent mandibular central incisor to the permanent mandibular second 
premolar in the anterior open bite group was substantially lower than those for the anterior normal overbite group. 
The results might be explained by the effect of occlusal hypofunction, which is characterized by loss of occlusal 
contact and weak occlusal force. In addition to occlusal hypofunction, low tongue posture (Artese, Drummond, 
Nascimento, & Artese, 2011; Selvi, Shanmugham, & Kannan, 2019)  may account for the lower RSA in the 
anterior open bite group.  Teeth and alveolar bone are subjected to opposing forces and pressure resulting from 
muscle function. The intrinsic forces of the lips and tongue at rest provide the balance necessary to position the 
teeth.  The continuous light forces of the tongue during oral function are considered more significant than the 
intermittent forces ( Chakraborty, Chandra, Tandon, Azam, & Rastogi, 2020) .  The pressure exerted on the 
lingual surface of the lower anterior teeth, as demonstrated by their proclination (Table 2) , may be attributable 
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to low tongue rest posture.  Previous research has shown that root resorption occurs when tongue pressure on a 
tooth exceeds the physiologic limit ( Harris & Butler, 1992; Shetty, Ameena, Y, & Madhur, 2021) .  This 
situation may occur during or after root formation. 

Following previous research, anterior open bite malocclusion might play a significant role in the development 
of tooth morphology and periodontal structures.  This condition when identified at an early age; interceptive 
orthodontic treatment can prevent the consequences of occlusal hypofunction and is useful for orthodontic 
treatment.  Furthermore, orthodontic force must be carefully applied to correct the anterior open bite to prevent 
excessive root resorption during treatment.  

 
Conclusion and Suggestions 

 
In summary, subjects with anterior open bite malocclusion exhibited lower RSA in the permanent mandibular 

central incisor, lateral incisor, canine, and first and second premolar.  However, there were no statistically 
significant differences between the groups of permanent mandibular molars.  
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